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Abstract
Background: Mesenchymal stem cells (hBMSCs) function in most of tumor microenvironment including
osteosarcoma,and interact with proximal cells. Here, in view of exosomes derived from hBMSCs, we
studied the miRNA secreted from hBMSCs in the growth of human U2OS cells.

Methods: hBMSCs were cultured in α-DMEM containing fetal bovine serum. After 48 hours, the cell culture
supernatants containing the exosomes were harvested and exosome puri�cation was performed by PEG-
based vesicle enrichment. Osteosarcoma (U2OS) cells were treated with exosomes derived from hBMSCs
enriched with or without miR-6087. Cell viability was measured by the scratch migration assay, Transwell
invasion assay, and CCK-8 test. The expression of HSP70/ALIX and miR-6087 in exosomes was
determined by western blotting and RT-PCR, respectively.

Results: hBMSC-derived exosomes were found to play a key role in the U2OS cell growth. Inhibition of
miR-6087 in exosomes can signi�cantly inhibit the proliferation and invasion of tumor cells.

Conclusion: This was the �rst time that we demonstrated that exosomes derived from hBMSCs have the
power to suppress the growth of U2OS cells by downregulating miRNA-6087. Our research shows a new
possibility for the way in which hBMSCs take part in tumor progression.

Background
Osteosarcoma (OS) is one of the most common, primary high-grade malignant bone neoplasms in
children and young adultsand accounting for 5% of newly diagnosed pediatric cancers[1] ,is characterized
by a high recurrence rate, drug resistance and susceptibility to early metastasis. The standard of care is a
three-drug chemotherapy regimen consisting of cisplatin, doxorubicin, and methotrexate [2].Although
osteosarcoma treatment has improved, the �ve-year survival rate has unfortunately been maintained at
approximately 65–70%[3, 4] .Because osteosarcoma patients develop resistance to chemotherapy drugs,
this is one of the main reasons for treatment failure[5, 6]. Thus, it is urgent to reveal the potential molecular
mechanisms of OS and to �nd an appropriate therapeutic strategy for OS.

MSC refers to natural stem cells and derived cultured cells present in BM in vivo[7]. Because it is found in
bone marrow (BM) and can differentiate into osteoblasts, chondrocytes and hematopoietic stromal
support cells, it is called bone marrow mesenchymal stem cells[7]. The characteristics of hBMSC are as
follows: 1. It has super differentiation ability and can differentiate into various lineages of mesoderm. 2.
It acts on all immune effectors and has immunosuppressive effects in vivo and in vitro. 3. MSC has a
stable nutritional effect because it produces a variety of growth factors and cytokines. 4. These �ndings
have led to the evaluation of MSC potential for treating diseases and the birth of MSC-based therapy. It
has been used to treat osteogenesis imperfecta, chromogenic leukocyte dystrophy ,graft-versus-host
Disease (GVHD) and acute myocardial infarction [8–10]. MSCs have also been implanted to treat bone
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defects [11, 12].Based on the clinical development of MSC in recent years, scholars have conducted
research on MSC in the �eld of osteosarcoma.

Tu B et al. believe that hBMSCs in the tumor microenvironment may be a new target for improving the
e�cacy of chemotherapy in patients with OS[13]. Ma Z et al. believe that hBMSCs are an indispensable
target for cell-to-cell communication during carcinogenesis[14]. Pelagalli A et al. found that hBMSCs might
induce the migration and invasion of OS cells in the tumor microenvironment [15]. Vallabhaneni KC et al.
have suggested a tumor-supportive role for hBMSCs in OS growth, which is strongly associated with the
miRNA content of the EVs released from the hBMSCs [16].Among them, the exosomes released by
hBMSCs deliver miRNAs into target cells, and MVs play an important role in delivery.

Microvesicles (MVs) are secreted from all cell types under various conditions[17–19]. Recently,more and
more studies have demonstrated that MVs can delivered RNAs, DNA, and proteins to adjacent cells [20–23].
MVs are composed of various vesicle types, such as exosomes (30–200 nm) [24]. MicroRNAs (miRNAs)
are non-coding RNAs that negatively regulate the mRNA transcription levels to impact gene expression.
As determined by a number of studies, miRNAs take part in several cellular processes, including cell
proliferation, cell apoptosis, and so on [25–27]. As reported, miRNAs are potential novel therapeutic targets
for the treatment of OS [28]. Han I et al have previously suggested that miRNAs from serum show
particular pro�les in different types of cancer [29–31]. Previous studies have found that miR-6087 had
obvious enrichment in hBMSCs-EXO[32], and miR-6087 is one of the important miRNA species that is
involved in tumorigenesis. Usuba W, Urabe F, et al. reported that miR-6087 plays an important role in the
progression of bladder cancer. Therefore, early detection of circulating miRNA plates can be used to
diagnose bladder cancer[33].Jung KY et al. have identi�ed endoglin gene as the target gene of miR-
6087[34]. In our study,we indicate that hBMSC-derived exosomes play a key role in U2OS cell growth.
Inhibition of miR-6087 in exosomes derived from hBMSCs signi�cantly suppressed tumor growth.

Materials And Methods

Cell culture
Bone marrow was obtained from patients undergoing surgery for spine fracture with normal blood test
results. We removed patients with hematologic disorders and familial genetic disorders. All patients
agreed to participate in the study and this process was approved by the institutional review board of the
First A�liated Hospital of Nanchang University. A solution with a density of 1.073 g/mL, obtained by
diluting Ficoll, was added to the separating tube. Then, fresh bone marrow was diluted with PBS and
added to the Ficoll at a volume ratio of 4:3. Centrifugation was performed at room temperature at 400 × g
for 30 min. The second layers, a white cell band, comprised hBMSCs, and this was transferred to a new
separating tube and washed three times with medium without FBS at 300 × g for 5 min. Finally, cells were
resuspended and cultured in low-glucose (1,000 mg/L) DMEM supplemented with 10% exosome-depleted
FBS and 100 µg/L penicillin-streptomycin in a humidi�ed atmosphere containing 5% CO2 at 37 °C. After
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72 h, unattached cells were washed and removed. Cells were then grown at 37 °C for 3 weeks, during
which the medium was changed every 3 days. hBMSCs were expanded until wall-attached cells reached
80% con�uence Then, culture supernatants from hBMSCs was harvested and hBMSCs were expanded.

QRT-PCR
We conducted assays to quantify mature miRNAs, as mentioned earlier, with some minor
modi�cations[35, 36]. Total RNA was extracted by the TRIzol Reagent (Servicebio), according to
instructions.The levels of miRNA were quantitated using Taqman microRNA probes (ABI7500). The
reactions were conducted in triplicate. While the reactions were running, the �xed threshold settings were
used to determine the cycle threshold (CT) data, and the mean CT values were also calculated from
triplicate RT-PCR assays.Comparative CT was applied to compare with the control reactions. The internal
control for the miRNAs was U6 snRNA. The relative amounts of gene expression, which were normalized
by the controls, were calculated using the Eq. 2 − ΔCT, in which ΔCT = CT gene − CT control. The miRNA-
6087 and U6 primers were designed as follows: 5′-CTCGCTTCGGCAGCACA-3′ (U6, sense); 5′-
AACGCTTCACGAATTTGCGT-3′ (U6, antisense); 5′-ACACTCCAGCTGGGTGAGGCGGGGGG-3′ (miRNA-6087,
sense); and 5′-TGGTGTCGTGGAGTCG − 3′ (miRNA-6087, antisense).

Transfection
hBMSCs were seeded into a 6-well plate 24 h after the transfection experiment was conducted. Lentiviral
particles containing the hsa-miR-6087-inhibitors that produce the antisense strand of hsa-miRNA-6087
and the randomized �anking sequence control were purchased from GeneChem (Shanghai, China) and
transduced into hBMSCs, following the manufacturer's instructions. The cells were harvested at 72 h after
transfection for PCR analysis.

Isolation of MVs from media
Samples were isolated from MSC culture medium as described previously [22]. In short, cell culture
supernatants, containing vesicles, were centrifuged at 2,000 g for 30 min at 4 °C, followed by
centrifugation at 500 g for 5 min, in order to remove cellular debris and large apoptotic bodies. After
centrifugation, 16% PEG solution was added to the media at a ratio of 1:1 v/v, and the solution was
incubated at 4 °C overnight, for at least 12 h. The next day, the samples were centrifuged at 3,214 g
(Eppendorf) for 1 h at 4 °C. The supernatant was removed, and the centrifuge tube was inverted for 5 min,
with occasional tapping to remove excess PEG. The sediment at the bottom of the centrifuge tube was
suspended in 1 mL of particle-free PBS (pH 7.4), further puri�ed with 8% PEG, and incubated at 4 °C
overnight. On the third day, we repeated the previous day's procedures for the samples. Samples were
�nally resuspended in 50 µL of particle-free PBS, and then, the exosomes could be used immediately or
stored in liquid nitrogen, by shaking at room temperature for up to 30 min.

Transmission electron microscopy
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After �xing in a droplet of 2.5% glutaraldehyde in PBS buffer at pH 7.2, the samples were �xed overnight
at 4 °C. The sample was dropped on copper wire for 20 min and the excess absorbed, and then, we used
negative staining of the specimens in phosphotungstic acid for 1 minute at 25℃, before observation
through a FEI Tecnai T20 TEM at 120 kV .

Cell viability
The cell proliferation ability was tested by the CCK-8 assay. U2OS cells were co-cultured with normal
exosomes (400 µg/mL) and miRNA-6087 downregulated exosomes (400 µg/mL), respectively, in a 96-
well plate at 3 × 103 cells per well. In the control group, equal volume of exosome-depleted medium was
added. Cell viability was measured at 6, 12, and 24 h after treatment with normal exosomes and miRNA-
6087 downregulated exosomes. The optical density (OD) value re�ected the cell viability. The OD was
measured at 450 nm by a enzyme standard instrument. The data are showed as the mean ± SD.

Scratch migration
As conducted previously, the scratch migration assay was performed in the following experiment. In
short, U2OS cells were plated at 1 × 105 cells per well in a 6-well plate and incubated at 37 °C in a 5% CO2
environment. When the cells covered 90% of the �oor area, a scratch was drawn with a sterile 2 µL pipette
tip. Then, the wells were washed twice with PBS, after removing PBS with a 100 µL pipette; exosomes
(400 µg/mL) with or without downregulated miRNA-6087 and an equal volume of conditional medium
served as the controls that were added to the cells. Under the microscope, the area of the scratch gap was
recorded at 6, 12, or 24 h.

Transwell invasion
In the invasion assay experiment, 5 h before seeding the cells,40 µL of diluted ECM glue was added to
each chamber, and then, in the upper chamber, U2OS cells were plated at a density of 8 × 104 cells (24-
well ;8 µm). Exosomes (400 µg/mL) or exosomes with downregulated miRNA-6087 (400 µg/mL) were co-
cultured with U2OS cells. The control group had an isometric exosome-depleted medium. Growth media
(600 µL) containing 30% FBS were added to the lower chamber of the Transwell as a chemoattractant.
Invading cancer cells in the lower chamber were �xed in methanol for 20 min and stained with 0.1%
crystal violet for 15 min,after incubation for 24 hours in a 37 ° C incubator in 5% CO2. We counted the
number of cells invading the membrane under a microscope (20X, �ve random �elds per well).

Western blot analysis
Alix and Hsp70 expression was detected by western blotting(GAPDH as internal reference). The
immunoblots were blocked with blocking buffer (PBS containing 5% fat-free dried milk) at 25 °C for 1 h
and incubated at 4 °C overnight with anti-Alix and anti-Hsp70 (abcam, 1:1000) and anti-GAPDH
(Abcam,1:2000 ) antibodies.

Statistical analyses
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All data were obtained from �ve separate experiments. The data were expressed as the mean values ± 
S.E. A P < 0.05 was considered statistically signi�cant by use of the t-test.

Results
PEG-based vesicle enrichment can effectively gather hBMSCs-exo.

In our research, �rstly we cultured hBMSCs in the vitro(Figure 1).we selected an exosome isolation
method that used PEG. Exosomes are microvesicles of 30–150 nm in size. In our study, we observed that
exosomes were cup-shaped vesicles 100 nm in size, and western blotting assessed the expression of
Hsp70 and ALIX in the hBMSC-exosomes (Fig. 2).

Compared with hBMSCs, the expression of miRNA-6087 in exosomes derived from hBMSCs was
signi�cantly higher.

We compared miRNA-6087 expression in the hBMSCs and hBMSC-exo using Q-PCR technology and
found that the miRNA-6087 expression in exosomes was signi�cantly higher than in hBMSCs. Therefore,
we believe that the miRNA-6087 enrichment phenomenon was obvious in the exosomes and that this
enrichment may promote the U2OS malignant phenotype (Fig. 3).

Exosomes secreted from hBMSCs can effectively promote the proliferation, invasion, and migration of OS
cells, but the exosomes derived from hBMSCs with downregulated miRNA-6087 cannot.

In order to further address this, we conducted a scratch migration assay. U2OS cells treated with
exosomes migrated nearly 90% of the scratch within 24 h, while the cells cultured by the exosome-free
medium could not migrate beyond the initial level after 24 h. U2OS cells treated with exosomes with
downregulated miRNA-6087 only migrated 10% and 20% of the scratch after 24 h of incubation (Fig. 4).

With the Transwell assay, we found that the human U2OS cells showed enhanced invasion capacity after
co-culturing with hBMSC-exosomes. However, this invasion capacity can be blocked by targeting miRNA-
6087. To eliminate the effect of the culture medium on the U2OS cells, we established a control group
with the culture medium added. As expected, the invasion capacity of the control group was
weakened(Fig. 4).

In the CCK-8 assay, we found that proliferation of U2OS cells increased by treatment with hBMSC-derived
exosomes at 24 h (Fig. 4). However, in the hBMSC-derived exosomes treated with downregulated miRNA-
6087, the promoting effects were suppressed to a certain extent (Fig. 4). Therefore, it was suggested that
miRNA-6087 in the exosomes derived from hBMSCs played a key role in the U2OS cancer cell growth.

Discussion
Osteosarcoma is a primary malignant tumor that occurs in the skeletal system, forming immature bone
or bone-like tissue with tumor cells[37, 38].Kinoshita et al. found that exosomal miRs play an important role
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in the progression of a variety of human tumor cells[39].In view of this, a study was conducted to evaluate
the role of miR-6087 delivered by BMSC‐exosomes in osteosarcoma together with its mechanisms.We
found that exosomes derived from hBMSC can inhibit the proliferation, invasion and migration of U2OS
cells by down-regulating miRNA-6087.

MV plays a crucial role in delivering miRNA-6087 into U2OS cells. Recently,some studies have showed the
potential use of MVs as safe and effective drug delivery vehicles [22, 40, 41]. Johnson A et al. found that
MVs secreted by hBMSCs contain miRNA, which may have speci�c interactions with internal environment
and target cells [42]. Prockop DJ and Lee RH et al. demonstrated that MVs can transport components of
the RNA-induced silencing complex (RISC) to target cells, suggesting that MVs participate in miRNA-
induced gene silencing [21, 23, 27, 31, 43]. In this study, the MV we isolated can effectively transport
miRNA-6087 to U2SO. We believe that exosomes are important carriers for cell-to-cell communication,
and miRNA may regulate target cells through exosomes.Consistent with previously reported that
modifying the surface of exosomes can promote the targeted uptake of contents by tumor cells[39,
44].One reason is that these MVs are derived from human cells, and thus have an inherent ability to
reduce toxicity and enhance the tolerance of immune cells[45, 46].

In previous studies, many studies focused on the relationship between miRNA and OS malignant
phenotype, and revealed some effects of miRNA on OS cell growth.Fa Qin et al. reported that Bone
marrow-derived mesenchymal stem cell-derived exosomal microRNA-208a promotes osteosarcoma cell
proliferation, migration, and invasion[47].As a member of miRNAs involved in tumor progression, miRNA-
6087 plays an important role in the progression of bladder cancer and liver cancer. We use miRNA-6087
to enrich exosomes in large quantities, and �nd that miRNA-6087 is down-regulated in exosomes. The
proliferation, migration and invasion of U2OS cells were signi�cantly inhibited. When U2OS cells were
cultured with exosomes derived from hBMSC with down-regulated miRNA-6087, the proliferation,
invasion and migration abilities of U2OS cells were signi�cantly reduced, and even U2OS cell functions
were also inhibited.

Taken together,We demonstrated for the �rst time the ability of hBMSC-derived exosomes to down-
regulate miRNA-6087 to inhibit the growth of U2OS cells. Our research provides the possibility of using
drugs to down-regulate miRNA-6087 in exosomes to inhibit the progression of osteosarcoma.However, we
will further verify our results through investigating the effect of miR-6087 on the expression of
invasion‐/migration‐/apoptosis‐related genes and supplementing the experiments with other
osteosarcoma cell lines.

Limitations

Like most other research, our study has many shortcomings. First, we only conducted in vitro studies, and
hope to perform in vivo studies in the future. Second, miR-6087 was only made to downregulate and not
upregulate. Therefore, we hope to evaluate the effects of upregulation of miR-6087 in hBMSC-exo. Third,
our study was conducted on only one cell line, and we will try to verify the conclusions in other OS cell
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lines. Fourth, we did not study the related downstream molecular mechanism, but we will devote more
attention to it in our subsequent study. Lastly, we need validation of the clinical specimens to verify our
conclusions(The level of miRNA-6087 in the low-grade malignant osteosarcoma sample is signi�cantly
lower than a highly malignant sample of osteosarcoma), and the gene sequencing of the clinical
specimens will be of great value for OS research.
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hBMSCs, mesenchymal stem/stromal cells; HSP70, Heat Shock Protein 70; ALIX, ALG-2-interacting
protein X; RT-PCR, reverse transcription-polymerase chain reaction. OS,Osteosarcoma; MVs, Microvesicles;
miRNAs,MicroRNAs; FBS, fetal bovine serum; HUVECs ,Human umbilical vein endothelial cells; miRNAs,
RNA-induced silencing complex; miRNAs,TNFR blocking peptide;
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Characterization of human bone marrow-derived mesenchymal stem cells. A The cell morphology of
human bone marrow-derived MSCs was observed at 3rd passage ; grew as a �broblast-like, spindle
shaped morphology of cells were represented under light microscope. B: Human bone marrow-derived
MSCs phenotypes detected by FACS analysis, showing positive expression of CD29, CD34, and CD105
markers, while negative expression for CD45 markers.

Figure 1
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Figure 2

Identi�cation and characterization of exosomes secreted by human bone marrow-derived MSCs. (I and II)
Transmission electron microscopy images of exosomes derived from MSCs revealed typical small round
nanoparticles with a diameter ranging from 40 to 150 nm. The scale bars indicate 100 nm and 0.5um. (II)
Detection of Hsp70 and ALIX expression in hBMSC-exosomes by western blotting.
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Expression of miRNA-6087 in exosomes and hBMSCs U6 as a reference gene, the abundance of
exosome MiRNA6087 was standardized to 1

Figure 3
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Figure 4

hBMSC-exosomes induce viability and proliferation in U2OS cells. A and B: Scratch migration assay test
of interfering hBMSC-exosomes group, miR-6087down-regulated group and control group in 6 ,12,24
hours. The wound healing assay demonstrated a stronger migration ability of cells in hBMSC-exosomes
group. Compared with control group and miR-6087down-regulated group, there were signi�cant
difference in percentage of wound closed(n=3 per group).a weaker migration ability of cells in the blank
control and miR-6087down-regulated group. C U2OS cells were re-spectively co-cultured with
concentration of hBMSC-exosomes (400μg/ml) for 0 6 12 24 hours and then subjected to CCK-8
analyses. n=3 per group. D and E  an amounts of U2OS cells were respectively added to the upper
chamber of transwell with matrigel coated membrane. Cancer cells were treated with exosomes
(400μg/ml) or treated with miR-6087 down-regulated exosomes (400μg/ ml) , an equal volume of
exosome-depleted medium was used as a control. After 24 hours the number of cells migrated to the
lower chamber of the 8 μm pore-sized membrane were analyzed by taking photos and counting the
number of cells per visual �eld. n=3 per group. ****p<0.001.***p<0.005.**p<0.01.*p<0.05.NO:no
statistically signi�cant
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