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osteosarcoma proliferation and metastasis
by targeting DUSP16
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Abstract

Background: Osteosarcoma (OS) is a malignant tumor originating from mesenchymal stem cells, and has an
extremely high fatality rate and ability to metastasize. Although mounting evidence suggests that miR-769-5p is
strongly associated with the malignant progression and poor prognosis of various tumors, the exact role of miR-
769-5p in OS is still unclear. Therefore, this study aimed to explore the relationship between miR-769-5p and the
malignant progression of OS, and its underlying mechanism of action.

Methods: miR-769-5p expression was analyzed in GSE28423 from the GEO database and measured in OS clinical
specimens and cell lines. The effects of miR-769-5p on OS proliferation, migration and invasion were measured both
in vivo and in vitro. In addition, bioinformatics analyses and luciferase reporter assays were used to explore the target
genes of miR-769-5p. Rescue experiments were also conducted. Moreover, a co-culture model was used to test the
cell interaction between bone mesenchymal stem cells (BMSC) and OS cells.

Results: We found that miR-769-5p is highly expressed in OS clinical specimens and cell lines. In vivo and in vitro
experiments also showed that miR-769-5p significantly promoted the proliferation, migration and invasion of OS cells.
Dual-specific phosphatase 16 (DUSP16) was negatively associated with miR-769-5p expression in OS cells and tissue
samples and was validated as the downstream target by luciferase reporter assay and western blotting. Rescue experi-
ments showed that DUSP16 reverses the effect of miR-769-5p on OS cells by negatively regulating the JNK/p38 MAPK
signaling pathway. Additionally, the results of the co-culture of BMSCs and OS cells confirmed that miR-769-5p was
transferred from BMSCs to OS cells through exosomes.

Conclusions: In summary, this study demonstrates for the first time that BMSC-derived exosomal miR-769-5p
promotes OS proliferation and metastasis by targeting DUSP16 and activating the JNK/p38 MAPK signaling pathway,
which could provide rationale for a new therapeutic strategy for OS.
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Introduction

Osteosarcoma (OS) is a high-grade malignant tumor origi-
nating from mesenchymal cells, which takes up about 2%
of all pediatric tumors and 20% of bone neoplasms [1].
Although improved surgical techniques and neoadjuvant
chemotherapy are available, the 5-year overall survival of
OS is just 60-70% [2]. About 20% of OS patients already
have lung metastases when they are diagnosed, with the
5-year overall survival rate of<30% [3]. Consequently,
elucidating the OS metastatic mechanism is of great
importance.

MicroRNAs (miRNAs), the RNA molecules containing
22-28 nucleotides with no protein-encoding ability, can
bind to 3/-untranslated region (UTR) in target mRNA, thus
promoting mRNA degradation and inhibiting its transla-
tion [4]. miRNAs have important functions in tumor initia-
tion and malignant transformation [5]. Moreover, miRNAs
regulate many pathological processes in OS, like prolif-
eration, apoptosis and epithelial-mesenchymal transition
(EMT) [6]. miR-769-5p up-regulation is reported in many
tumors [7, 8]. Nevertheless, miR-769-5p’s effect on OS
remains incompletely clear.

EMT is a dynamic process where polarized epithelial
cells acquire a mesenchymal phenotype [9]. This promotes
tumor cell metastasis to distant sites during the develop-
ment of malignant tumors [10, 11]. Moreover, EMT is
involved in the malignant progression of OS [12].

Initially identified as the JNK/p38 protein inhibitor, Dual
Specificity Phosphatase 16 (DUSP16) binds to JNK scaffold
protein and negatively regulates JNK activation [13, 14].
DUSP16 loss is correlated with tumor progression [15], but
its effect on OS development and the association of miR-
769-5p/DUSP16 axis with JNK/p38 MAPK signaling in OS
development remain unclear.

Bone mesenchymal stem cells (BMSCs) are bone mar-
row progenitors with multipotential differentiation and
self-renewal abilities [16]. BMSCs have been indicated to
participate in tumor progression. However, their effect on
tumor growth is controversial [17-19]. BMSCs promote
the development of breast cancer and prostate cancer [17],
yet inhibit the progression of glioblastoma and hepatocel-
lular carcinoma [18, 19]. Moreover, OS cells may originate
from BMSCs, while BMSCs regulate OS metastasis [20].
However, the mechanism by which BMSCs regulate the
malignant progression of OS remains unclear. Exosomes
are important pathways for intercellular communica-
tion, they are extracellular vesicles with the diameter of
30-150 nm, which can carry proteins, lipids and RNA [21].
Moreover, growing evidence shows that BMSC-derived

exosomes can mediate OS progression by transferring non-
coding RNAs [22, 23]. However, the relationship between
BMSCs, exosomes and OS has not been fully investigated.

In this work, we explored the role of miR-769-5p in the
malignant progression of OS through in vivo and in vitro
experiments, and revealed the underlying mechanism. We
found that miR-769-5p transferred from BMSCs through
exosomes can promote OS proliferation and metasta-
sis by down-regulating DUSP16 and activating the JNK/
p38 MAPK pathway. Our research reveals a new potential
mechanism for the progression of OS and provides a new
strategy for the treatment of OS.

Materials and methods

Clinical specimens

Altogether 64 OS patients undergoing tumor biopsies
before chemotherapy and radiotherapy at Department of
Orthopedics, First Affiliated Hospital of Nanjing Medi-
cal University during 2015-2021 were enrolled in this
study. Intraoperative tumor specimens were histologically
confirmed by three pathologists, and tumor and adjacent
normal samples were stored in liquid nitrogen. Informed
consent was provided by each patient. Our study was
approved by The Evaluation Committee and Ethics Com-
mittee of First Affiliated Hospital of Nanjing Medical
University. (Additional file 1: Table S1) shows patient clin-
icopathological information.

Cells and cell culture

Human osteoblasts (hFOB1.19) and human OS cells (HOS,
MG63, 143B, Saos-2, U20S) were provided by Cell Bank
of Type Culture Collection of the Chinese Academy of Sci-
ences (CBTCCCAS, Shanghai, China). OS cells were cul-
tured in DMEM (Gibco, CA, USA) containing 10% fetal
bovine serum (FBS, Gibco, NY) and 1% penicillin/strepto-
mycin (P/S) (Gibco) under 37 °C, whereas hFOB1.19 cells
were cultivated within DMEM containing 10% FBS and
1% P/S under 33.5 °C. BMSCs purchased from CBTCC-
CAS were cultured in DMEM (Gibco) containing 10% FBS
(Gibco, NY) and 1% P/S (Gibco) at 37 °C. Afterwards, all
cells were incubated under 5% CO2 condition.

Lentivirus construction establishment and transfection

Lentiviral vectors (GenePharma, Shanghai, China) were
utilized to construct LV2-hsa-miR-769-5p mimic/inhibi-
tor vectors (miR-769-5p mimics/inhibitor). Negative con-
trols with LV2 empty lentivirus (miR-769-5p mimics NC,
miR-769-5p inhibitor NC) were also constructed. OS cells
reaching 70-80% confluency were infected with lentiviral
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vectors (miR mimics, miR inhibitor, and correspond-
ing NCs). Cells were treated with puromycin for 1 week
to obtain stable cell lines. miR-769-5p vector transfection
efficiency was verified by qRT-PCR. Vectors with DUSP16
over-expression and down-regulation containing puromy-
cin-resistant sequence was constructed by GenePharma
(Shanghai, China) through lentiviral gene transfer, with
scrambled lentiviral construct as negative reference. OS
cells were transfected with lentiviral vectors (DUSP16, vec-
tor control, sh-DUSP16 and sh-NC). DUSP16 expression
was confirmed by qRT-PCR and Western blotting (WB).

Cell co-culture

To observe cell interactions between BMSCs and OS cells,
OS cells were seeded into 6-well plates (corning, USA),
whereas BMSCs were seeded into the upper chamber of a
0.4-pm co-culture chamber (Millipore, USA). The co-cul-
ture chambers were then inserted into the plate wells. After
48 h of co-culture, OS cells at the plate bottom were trypsi-
nized, then proliferation, migration and invasion were
measured.

Exosome extraction and identification

BMSCs were cultured to passage 3—4, and medium was
replaced by DMEM containing 10% exosome-free FBS
to culture for another 72 h. Supernatants were harvested
and cells were removed by centrifugation (300 x g, 10 min,
4 °C; then, 2000 x g, 10 min, 4 °C) to remove cell debris.
Afterwards, supernatant were obtained for centrifugation
(10,000 x g, 30 min, 4 °C) to removing great membrane
vesicles. Later, the resultant supernatants were placed
into ultracentrifuge tube for centrifugation (120,000 x g,
70 min, 4 °C). After removing supernatants, the bottom
pellet was resuspended in PBS, followed by centrifuga-
tion (140,000 x g, 90 min, 4 °C). The bottom pellet was
resuspended in PBS to obtain exosomal samples. Exo-
some morphology was identified by transmission electron
microscopy (TEM). Exosome size distribution was ana-
lyzed by nanoparticle tracking, whereas exosomal protein
markers were detected by WB.

Exosome uptake by MG63 and 143B cells

Dil dye (Molecular Probes, USA) was incubated with
exosomes at room temperature to label exosomes. Excess
dye was removed by centrifugation (100,000 x g, 60 min,
4 °C), followed by PBS rinsing thrice. Dil-labeled exosomes
were resuspended in DMEM medium containing 10% exo-
some-free FBS, and co-cultured with OS cells for 24 h. Cells
were washed thrice with PBS, fixed with 4% paraform-
aldehyde for 15 min, and permeabilized with 0.1% Triton
X-100 for 5 min. The nuclei were stained with DAPI solu-
tion. Exosome internalization by MG63 and 143B cells was
measured under the laser confocal microscope.
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RNA extraction and qRT-PCR

TRIzol reagent (Invitrogen, Carlsbad, California, USA)
was adopted for extracting total cellular and tissue RNAs.
RNA concentration and quality were measured by Nan-
oDrop spectrophotometer (ND-100, Thermo Fisher Sci-
entific). miRNA and exosomal RNA were extracted using
RNeasy/miRNeasy Mini Kit (Qiagen) and exosomal RNA
and protein extraction kit (Thermo Fisher Scientific, USA).
qRT-PCR was then performed as described previously
[24]. mRNA and miRNA expression levels were normal-
ized to B-actin and U6, respectively. Every assay was con-
ducted thrice. Relative gene expression was determined
by 2~ —AACT approach. (Additional file 2: Table S2) lists
primer sequences.

Western blotting (WB)

The cells were lysed with lysis buffer for 10 min on ice, then
the BCA protein quantification kit (Thermo Fisher Scien-
tific, USA) were used to determine the protein concentra-
tion. Exosomal RNA and protein extraction kits (Thermo
Fisher Scientific, USA) were used to extract exosomal
proteins. Electrophoresis is performed after the protein
is boiled and denatured. After blocking with fast blocking
solution for 30 min, the PVDF membrane were incubated
with the primary antibody overnight at 4 °C, and then
incubated with the secondary antibody for 1 h at room
temperature. ECL reagent (Millipore, USA) were utilized
to exposure the membrane using a Tanon 4200 automatic
chemiluminescence imaging analysis system. Primary anti-
bodies utilized are shown in (Additional file 3: Table S3).

Colony formation assay

The cells were digested to make a suspension and counted;
1,000 cells were seeded in each well of a 6-well plate. The
medium was changed every 3 days. After 10 days, the cells
were fixed with 4% paraformaldehyde for 15 min, then
stained with crystal violet solution for 30 min and photo-
graphed with a digital camera, and the clone formation rate
was calculated.

CCK-8 assay

The cells were digested to make a single cell suspension and
counted to 2 x 10*/ml, 100 pl cells are spread in 96-well
plates peer well. Each sample was set up with 6 multiple
holes, and 100 pl PBS was added to the edge holes. 10 pl
of CCK8 (Dojindo, Japan) was added to each well at day 1
to 5, after incubation for 2 h, the OD value of 450 nm was
detected by the microplate reader.

5-Ethynyl-2-deoxyuridine (EdU) incorporation assays
100,000 cells were seeded to each well in 12-well plates
and incubated for 24 h until they were fully confluenced,
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then the medium was removed and 1 ml 1 x EdU reagent
(RiboBio, China) were added to each well and incubated
for 2 h. Subsequently, 1 ml of 4% paraformaldehyde was
added to each well and fixed at room temperature for
15 min. 1 ml 0.5% TritonX-100 was added to each well for
10 min and 400 ul 1 x Apollo staining reaction solution
was incubated with cells for 30 min at room temperature.
Finally, cell slides were taken out and stained the nucleus
with oily DAPI and mount the slide. An upright fluores-
cence microscope (Olympus, Japan) is used for taking
pictures.

Scratch assay

For the scratch assay, OS cells were cultured in a 6-well
plate, when the density reached 80%, a 200 pl tip was
used to gently scribble vertically to ensure that there were
no cells at the scribe. The scribed cells were washed away
with PBS, and then serum-free medium was added to the
plates. Scratch pictures were taken under a phase-con-
trast microscope (Olympus, Japan) at 0 h and 24 h, and
the migration of cells in each group were analyzed with
Image ] software.

Transwell assays

For transwell migration assay, Cells were trypsinized and
counted. A total of 2 x 10* cells was cultured in the upper
chamber of the Transwell chamber (8 pm pore size; Cos-
tar, NY, USA) with 200 pl of serum-free medium, 700 pl
medium with 10% FBS was added to the lower chamber
of the culture plate. Cells were cultured at 37 °C, 5% CO2
for 24 h. The chamber was fixed with 500 pl 4% para-
formaldehyde at room temperature for 20 min, and then
stained with 500 ul crystal violet solution for 30 min.
Cells in the up-chamber were wiped off and the chamber
was washed with deionized water, followed by taken pic-
tures with a microscope (Olympus, Japan). For the inva-
sion assay, transwell chamber pre-coated with Matrigel
was used to detect the cell invasion ability, and the exper-
imental method was consistent with the Transwell migra-
tion experiment.

Luciferase reporter assay

Binding sites between DUSP16 and miR-769-5p were
predicted by TargetScan database (http://www.targe
tscan.org/vert_72/). GenScript (Nanjing, China) syn-
thesized wild-type DUSP16 (WT-DUSP16-3 UTR) and
mutant DUSP16 (MUT-DUSP16-3 UTR). MG63 and
143B cells were transfected with miR-NC or miR-769-5p
mimic and later co-transfected with WT-DUSP16-3’
UTR and MUT-DUSP16-3" UTR for 48 h. Luciferase
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activities were measured by the dual-luciferase detection
kit (Solarbio, China).

Immunohistochemistry (IHC)

Clinical samples and nude mouse tumor samples were
subjected to 4% paraformaldehyde fixation, paraffin
embedding, and slicing to 4-pum sections. After antigen
retrieval and blocking, tissue sections were incubated
with anti-DUSP16 and anti-Ki-67 primary antibodies
overnight at 4 °C, and then with secondary antibodies
under ambient temperature for 1 h. Fresh 3,3-diamin-
obenzidine solution was applied in the sections. Five ran-
dom fields were selected for measuring positive tumor
proportion and staining intensity.

Animal experiments

Altogether 20 six-week-old female BALB/c athymic nude
mice were randomly divided into four groups (MG63-
miR mimics, 143B-miR inhibitor, and corresponding
NCs; n=5 per group) for subcutaneous tumor forma-
tion experiments. Nude mice were injected with lucif-
erase-expressing stably transfected OS cells in 200 pl
OS cell suspension (2 x 10’/ml) via the front right arm-
pit. Tumor volume was determined every four days by
volume = (width)? x length/2. The IVIS imaging system
(Caliper Life Sciences, USA) was used to detect tumor
fluorescence intensity on day 28 after cell implant. At the
end of the experiment (day 28), the nude mice were euth-
anized by injecting 150 mg/kg sodium pentobarbital into
the tail vein, and the tumors were dissected for weighing
and [HC. In addition, 20 six-week-old female BALB/c
athymic nude mice were used to generate OS lung metas-
tasis models by the above grouping strategy. Nude mice
were injected with luciferase-expressing stably trans-
fected OS cells (2 x 107/ml, 100 pl) via the tail vein. On
day 28 after cell implant, lung metastasis fluorescence
intensity was detected by IVIS imaging system. After
euthanasia on the 28th day, lung tissues were resected
from nude mice, sliced into sections and stained with HE.

Statistical analysis

Data were displayed as mean®SD. Each experiment
was repeated independently thrice. Statistical analysis
was completed by SPSS22.0 (SPSS Inc., Chicago, Illinois,
USA). Comparisons between two groups were analyzed
by student’s t-test, while those among multiple groups
were examined by one-way ANOVA. P<0.05 indicated
statistical significance.


http://www.targetscan.org/vert_72/
http://www.targetscan.org/vert_72/

Liu et al. Cancer Cell Int ~ (2021) 21:541 Page 5 of 17

Results (Fig. 1B) of significant differentially expressed miRNAs
miR-769-5p is highly expressed in OS tissues and cells were generated (The logFC>1 and adj. P. Value<0.05
R package limma [25] was utilized to analyze OS data- indicated statistical significance). (Additional file 4:
set (GSE28423). A volcano map (Fig. 1A) and a heat map  Table S4) lists the top five up-regulated miRNAs in OS
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cells. The corresponding expression was measured within
5 distinct OS cell lines and hFOB1.19 cells (Fig. 1C). As a
result, miR-769-5p expression markedly increased within
OS cells. We therefore chose miR-769-5p for further
research. miR-769-5p levels were measured in 64 pairs
of tumor and adjacent samples by qRT-PCR. The results
showed that the expression level of miR-769-5p in tumor
samples was significantly higher than adjacent normal
tissues (Fig. 1D). Moreover, miR-769-5p expression in
lung metastasis patients significantly higher than non-
lung metastasis patients (Fig. 1E). Representative images
of patients with and without lung metastases are shown
in Fig. 1F. Furthermore, the relationship between clin-
icopathological characteristics of OS patients and miR-
769-5p expression was analyzed. miR-769-5p expression
was significantly positively correlated with tumor size,
tumor-node-metastasis stage, and lung metastases
(Additional file 1: Table S1).

miR-769-5p promotes the proliferation of OS cells in vitro
and in vivo

To study the role of miR-769-5p in OS proliferation, we
transfected MG63 cells with miR-769-5p mimic and the
143B cell line with the miR-769-5p inhibitor (Fig. 2A).
The results of CCK8 assay showed that cell proliferation
was significantly promoted in the miR-769-5p mimics
group while inhibited in the miR-769-5p inhibitor group
(Fig. 2B). Moreover, EAU assay indicated that miR-769-5p
plays a key role in cell proliferation, as the percentage
of mitotic cells was increased in the miR-769-5p mim-
ics group and vice versa (Fig. 2C, D). Furthermore, the
clonality of OS cells was increased in the miR-769-5p
mimics group but suppressed in the miR-769-5p inhibi-
tor group (Fig. 2C, E). Based on WB results, miR-769-5p
mimics remarkably promoted G1/S checkpoint protein
levels, whereas miR-769-5p inhibitor had opposite effect
(Fig. 2F). For better studying miR-769-5p’s function in OS
proliferation in vivo, transfected MG63 and 143B cells
were subcutaneously injected into nude mice. Clearly,
miR-769-5p mimic group had markedly increased tumor
weight and volume relative to mimic NC group, while
those were lower in miR-769-5p inhibitor group than
inhibitor NC group (Fig. 2G-I). HE and IHC staining on
tumor specimens suggested that Ki-67 expression was
augmented in miR-769-5p mimic group, whereas oppo-
site result was observed in miR-769-5p inhibitor group
(Fig. 2J). Moreover, in vivo imaging experiments showed
consistent results (Fig. 2K, L).

miR-769-5p promotes the metastasis of OS cells in vitro
and in vivo

To explore the role of miR-769-5p in OS metastasis,
Transwell migration and invasion assays were conducted.
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miR-769-5p mimics markedly increased the num-
ber of migrated cells and enhanced the invasive abil-
ity of cells, whereas miR-769-5p inhibitor had opposite
effect (Fig. 3A, C and D). Scratch assay showed that the
migration rate was increased in the miR-769-5p mim-
ics group while decreased in the miR-769-5p inhibitor
group (Fig. 3B, E). According to WB analysis, miR-769-5p
mimics significantly increased N-cadherin and vimentin
expression and decreased E-cadherin expression. Con-
versely, miR-769-5p inhibitor decreased N-cadherin and
vimentin expression, and increased E-cadherin expres-
sion (Fig. 3F), indicating that miR-769-5p promoted OS
metastasis by activating EMT. An OS lung metastasis
model was used in vivo to clarify miR-769-5p’s function.
A nude mouse lung metastasis model was constructed
and mice were divided into four subgroups (miR mim-
ics, miR inhibitor, and corresponding NCs). After six
weeks, miR-769-5p mimic group had significantly more
lung metastases, while miR-769-5p inhibitor group had
fewer lung metastases, as revealed by in vivo imaging
experiments (Fig. 3G). HE staining of nude mouse lung
metastases confirmed the observed metastases (Fig. 3H).
Collectively, in vitro and in vivo data supported that miR-
769-5p promoted OS metastasis by activating EMT.

DUSP16 is down-regulated in OS and is a downstream
target gene of miR-769-5p

To explore the specific mechanism of the role of miR-
769-5p in metastasis, the miRTarBase, miRDB and Tar-
getScan databases were analyzed to predict downstream
targets (Fig. 4A). Among Fourteen candidate target
genes, DUSP16 was chosen for further study because it
was involved in various tumors and plays a role in inhib-
iting tumor progression [26]. qRT-PCR and WB assays
were performed on 6 cell samples and 64 pairs of clinical
samples. DUSP16 expression markedly decreased within
OS tissues and cells (Fig. 4B-E). DUSP16 IHC in tumor
tissues further corroborated this conclusion (Fig. 4F).
Moreover, DUSP16 was negatively correlated with miR-
769-5p in OS clinical samples (Fig. 4G). As revealed by
(Additional file 1: Table S1), DUSP16 was negatively cor-
related with clinicopathological factors like tumor size,
tumor-node-metastasis staging, and lung metastasis. Tar-
getScanHuman 7.2 (http://www.targetscan.org/vert_72/)
were used to predict targeted relationship of miR-769-5p
with DUSP16 [27]. Based on dual luciferase reporter
assay, miR-769-5p over-expression significantly reduced
the wild-type DUSP16 luciferase activity, but had little
effect on mutant DUSP16 (Fig. 4H). DUSP16 mRNA and
protein expression was down-regulated with miR mimics
and up-regulated by miR inhibitors (Fig. 41, J). In addi-
tion, IHC and WB analyses on nude mouse tumor speci-
mens supported the above experimental conclusions
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with miR-769-5p mimics or miR-769-5p inhibitor; B-E CCK-8 (B), EdU (C, D) and colony-formation assays(C, E) were used to detect the effect of
miR-769-5p on proliferation in vitro; F Western blot analysis of cell-cycle-related proteins following miR-769-5p mimics and inhibitor; G Images of
tumors obtained from mice treated with miR-769-5p mimics and miR-769-5p inhibitor and their negative controls; n =5 mice/group; H, | Tumor
weight (H) and volume (1) were calculated; n=5 mice/group; J Representative H&E-stained tumors and immunohistochemical staining of Ki-67
from mice in different groups; n =5 mice/group; K Representative images of tumors were obtained by the IVIS imaging system; n=5 mice/group; L
Quantification of the luciferase is shown. Data are presented as the means = SD. *P < 0.05, **P < 0.01, ***P <0.001
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(Fig. 4K, L), indicating that DUSP16 was a downstream
target of miR-769-5p with down-regulation in OS.

miR-769-5p promotes the metastasis and proliferation

of OS cells by targeting DUSP16

Rescue experiments were conducted to confirm whether
miR-769-5p promoted the malignant progression of
OS by targeting DUSP16. According to WB results,
DUSP16 overexpression decreased vimentin and N-cad-
herin expression and increased E-cadherin expression
(Fig. 5A). Moreover, DUSP16 overexpression restored

the effect of miR-769-5p mimics. Based on Scratch assay,
DUSP16 overexpression reduced the positive effect of
miR-769-5p mimics on OS cell migration and sh-DUSP16
rescued the effects of miR-769-5p inhibitor on cell migra-
tion (Fig. 5B, D). According to Transwell assays, DUSP16
inhibited OS cell migration and invasion and rescued the
impact of miR-769-5p on them (Fig. 5C, E and F). Fur-
thermore, DUSP16 overexpression significantly reduced
CDK4, c-Myc and cyclin D1 expression, and signifi-
cantly restored the impact of miR-769-5p mimics on OS
proliferation (Fig. 5G). DUSP16 significantly inhibited
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Fig.4 DUSP16 is down- regu\ated in OS and is a downstream target gene of miR-769-5p. A Bioinformatics ana\ysw showed that hsa-miR-769-5p
has a total of 14 target genes in miRDB, miRTarBase, and TargetScan; B, C The mRNA expression level of DUSP16 in OS cell lines and hFOB1.19

(B) and clinical samples (C); D, E The protein level of DUSP16 in OS cell lines and hFOB1.19 (D) and clinical samples (E); F Representative
immunohistochemical staining of DUSP16 between OS tissues and adjacent tissues; G Negative correlation between miR-769-5p and

DUSP16 expression in OS tissues; H Luciferase reporter assay was performed to confirm that miR-769-5p directly bound to the 3/-UTR region

of DUSP16. Luciferase activity was analyzed in OS cells co-transfected with miR-769-5p mimics or negative control with pGL3-DUSP16-WT or

pGL3- DUSP16-MUT; I, J The expression of DUSP16 in OS cells after alteration of miR-769-5p expression was detected by qRT-PCR (I) and western
blot J); K, L Western blot (K) and immunohistochemical analysis (L) were performed to evaluate DUSP16 expression in vivo; n =5 mice/group. Data

OS proliferation and rescued the impact of miR-769-5p
mimics in EQU (Fig. 5H, I), colony formation (Fig. 5H, J)
and CCK8 (Fig. 5K) assays, while sh-DUSP16 reduced
that of miR-769-5p inhibitor. Collectively, miR-769-5p
promoted OS cell proliferation and EMT by specifi-
cally down-regulating DUSP16, which was reversed with
DUSP16 overexpression.

miR-769-5p regulates the JNK/p38 MAPK signaling
pathway by targeting DUSP16

The JNK/p38 MAPK pathway is closely related to the
invasion and metastasis of a variety of tumors. Numer-
ous published studies have shown that DUSP16 can
inhibit the MAPK signaling pathway [28]. Therefore, the

relationship between miR-769-5p/DUSP16 axis and OS
metastasis and proliferation via JNK/p38 MAPK axis is of
great interest. miR-769-5p mimics significantly increased
the expression of p-p38, p-ERK and p-JNK proteins
expression, while DUSP16 diminished this effect. miR-
769-5p inhibitors significantly reduced p-p38, p-JNK
and p-ERK levels, while sh-DUSP16 rescued these effects
(Fig. 6A). To determine whether miR-769-5p induced
EMT and OS proliferation through JNK/p38 MAPK sign-
aling pathway, OS cells were treated with JNK agonists
(Anisomycin) and inhibitors (SP600125). WB suggested
that sh-DUSP16 significantly increased EMT-related
proteins and G1/S checkpoint proteins expression, and
SP600125 reversed these effects. Anisomycin rescued the
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inhibition of DUSP16 on EMT and OS cell proliferation
(Fig. 6B), supporting that miR-769-5p regulated the JNK/
p38 MAPK signaling pathway by targeting DUSP16 and
promoted OS progression.

Exosomes released by BMSC promote EMT

and the proliferation of OS cells

BMSCs, the OS precursor cells, participate in OS pro-
gression through cell-to-cell interactions [20]. BMSC
exosomes play important roles in this process, but the
specific mechanism remains unclear. To further explore
the specific mechanism, BMSCs and OS cells were cul-
tivated in the upper and lower chambers, respectively.

The chamber diagram is shown in Fig. 7A. According
to Transwell migration (Fig. 7B, D), Transwell invasion
(Fig. 7B, E) and Scratch assays (Fig. 7C, F), OS cells had
markedly increased migration and invasion ability after
co-culture, but GW4869 (exosome secretion inhibitor)
rescued the effect. Through WB, co-culturing OS cells
with BMSCs significantly up-regulated vimentin and
N-cadherin expression, but down-regulated E-cadherin
expression, whereas GW4869 counteracted such effect
(Fig. 7G). The effect of co-culturing OS cells with BMSCs
on proliferation was also analyzed, which revealed that
co-culture improved EdU incorporation (Fig. 7H, J), col-
ony formation (Fig. 71, K) and positive results in CCK-8
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assay (Fig. 7L), but was repressed with GW4869. Through
Western blotting showed that co-culturing OS cells with
BMSCs significantly increased G1/S checkpoint pro-
tein expression, which was counteracted with GW4869
(Fig. 7M).

BMSC-derived exosomes can be taken up by OS cells

TEM, Nanoparticle Tracking and WB analyses were used
to identify BMSC-derived exosome morphology, diam-
eter and protein composition (Fig. 8A-C). Dil-labeled
BMSC-derived exosomes were taken up by MG63 and
143B cells under confocal microscope (Fig. 8D). Through
qRT-PCR, miR-769-5p expression in co-cultured group
significantly increased, which was inhibited by exosome
release inhibitors (Fig. 8E). Moreover, based on WB and
qRT-PCR, DUSP16 expression decreased after co-culture
(Fig. 8F, G). Therefore, we hypothesize that exosomal
miR-769-5p transferring from BMSCs were taken up by
OS cells to down-regulate DUSP16.

miR-769-5p derived from BMSCs exosomes promotes

the metastasis and proliferation of OS cells

To confirm our hypothesis, BMSCs were treated with
miR-769-5p inhibitors. By qRT-PCR, miR-769-5p lev-
els within BMSC exosomes decreased (Fig. 9A). miR-
769-5p levels within BMSCs co-cultured OS cells were
also detected, it was found that miR-769-5p level signifi-
cantly decreased in miR-769-5p inhibitor group (Fig. 9B).
miR-769-5p inhibitor-treated BMSCs decreased OS

cell migration and invasion in co-culture system, as
revealed by Scratch (Fig. 9C, E), Transwell migration
(Fig. 9D, F) and Transwell invasion assays (Fig. 9D, Q).
Moreover, EMT-related protein expression reduced
after miR-769-5p inhibitor treatment (Fig. 9H). In addi-
tion, miR-769-5p inhibitor-treated BMSCs decreased
OS proliferation in co-culture system, as revealed by
EdU (Fig. 91, K), colony-formation (Fig. 9], L) and CCK8
assays (Fig. 9M). G1/S checkpoint-related proteins were
also inhibited (Fig. 9N).

To verify exosomal miR-769-5p’s role as the OS clini-
cal marker, serum exosomes were extracted from OS
patients and healthy volunteers (Fig. 10A), it was dis-
covered that OS cases had markedly higher serum exo-
somal miR-769-5p expression than normal volunteers
(Fig. 10B). In summary, BMSCs promoted OS cell pro-
gression by releasing exosomes containing miR-769-5p
(Fig. 10C). The flowchart is shown in (Additional file 5:
Fig S1).

Discussion

OS, a highly fatal and metastatic bone tumor [29], brings
great distress to patients and their families. However,
treatments have not significantly improved recently and
the prognosis remains dismal [30]. Therefore, it is cru-
cial to explore the pathogenesis and formulate new treat-
ments [31, 32]. BMSCs participate in tumor genesis and
progression [33]. Moreover, exosomes have vital func-
tions in intracellular information transmission, which
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Fig. 7 Exosomes released by BMSC promote EMT and the proliferation of OS cells. A Diagrammatic sketch of BMSCs and OS cell coculture; B-F The
effect of BMSCs with or without treatment of GW4869 on OS cell migration and invasion was evaluated by Transwell migration (B, D), Transwell
invasion (B, E) and Scratch assays (C, F); E Western blot analysis of EMT-related proteins following cocultured with BMSCs with or without treatment
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(I, K) and CCK-8 assays(L). M Western blot analysis of cell-cycle-related proteins following cocultured with BMSCs with or without treatment of
GW4869. Data are presented as the means =+ SD. *P < 0.05, **P <0.01, ***P < 0.001

are intricately linked to cell migration, differentiation study found that miR-769-5p transferring from BMSC-
and invasion [34]. miRNAs occupy 70% of exosomal derived exosomes promoted OS progression by targeting
non-coding RNAs and play an important role in diverse =~ DUSP16 and activating the JNK/p38 MAPK signaling.

tumor occurrence and development [35]. Therefore, the Since the discovery, miRNAs are closely related to
role of exosomes in OS requires further analysis. This many processes like tumor proliferation, apoptosis
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and metastasis [36]. Recently, miRNAs are anti-tumor
therapeutic targets and potential diagnostic biomark-
ers [37]. Moreover, miRNAs have also been implicated
in the malignant progression of OS [38]. miR-769-5p is
previously found to be up-regulated in various tumors
and predicts poor prognosis [39, 40]. For example, miR-
769-5p is up-regulated in gastric cancer, promotes can-
cer cell proliferation, and inhibits apoptosis [39]. Human
skin fibroblast exosomes-derived miR-769-5p exac-
erbates ultraviolet radiation-induced bystander effect
through cell-to-cell communication [41], signifying that
miR-769-5p participates in intracellular interactions. It
was discovered that miR-769-5p expression was up-reg-
ulated in OS cells through bioinformatics analysis and
its expression in OS cells and tissues was verified. Based
on our in vitro and in vivo data, miR-769-5p significantly
promoted OS cell proliferation and EMT. Clinical data

from OS patients indicated the relationship of miR-
769-5p up-regulation with dismal prognosis.

EMT represents a key process where tumor cells obtain
migration and invasion capacities, and it relates to dis-
tant metastases [42, 43]. Studies have demonstrated that
miRNAs regulate the ability to form distant metastases
by various tumor types by influencing the EMT process
[44]. miR-769-5p increased OS cell invasion and migra-
tion by regulating EMT, and DUSP16 was a candidate
target gene for miR-769-5p.

DUSP16, also known as MAPK phosphatase 7 (MKP?7),
is a specific dephosphorylated protein of threonine/
tyrosine residues in MAPK protein family [28]. DUSP16
is down-regulated in different tumors and predicts dis-
ease prognosis [26]. Therefore, DUSP16 expression was
measured in OS cells and tissues and it was found that
DUSP16 expression markedly decreased. Dual-luciferase



Liu et al. Cancer Cell Int (2021) 21:541

Page 14 of 17

- BUSCR inhbitor NC
& BUSC-mR inhibotor
ox

5

x5

Relative exosomal
MIR-769-5p expression
Relative expression
of mIR-769-5p

G683 38

\o"éJ = o“xo <
. O
e f g h & 8 & 8
= BMSC-miR inhibitor NC = BMSC-miR inhibitor NC =8 BMSC-miR inhibitor NC
&8 BMSC-miR inhibotor &8 BMSC-miR inhibotor = BMSC-miR inhibotor
o 60 P Py 250 - 150 N-cadherin
£ 3 . = ™~
H §znn ; ok E-cadherin
40 100
H 2 150 H Vimentin "
H :
100
5 H g - puspre [HS |
g g so 8
g £ g peactin (S |
® 0 o
MG-63 1438 MG-63 1438 MG-63 1438
. &
o
i & J
EDU DAPI Merge &
S
&
£
& ©
0\‘\ ©
e (O]
2 0 N =
© &
[©] b4 &
= - &
%
‘§6
< @
@
<
-
(eo é (eo o\
S S N &S
N & ®
& & N &
& oF &
k m n & & & &
8 BMSC-miR inhibitor NC =8 BMSC-miR inhibitor NC Y & & &
=8 BMSC-miR nhibotor @8 BMSC-miR inhibotor e‘x‘ 0“ e‘xs 0@
£ 250 25 25
- < scmmnnc < vscmmnnc coxe [T [Fm]
s ok 3 53
200 2 207 & BMSC-miR inhibit 2 201 -= BMSC-miR inhibitor "
iy I e TR ;
< Q
@ 150: © 8 1 8 18 r
H Q8 Qs eyclinDt [N | =]
< 100 S5 - § 10
5 H g ousers (WD) (TR
5 s £ os £ os
: boctn [ ] [ ]
=0 R HERER 0 i 2 3 4 s
MG-63 1438 MG-63 1438
Day (s) Day (s) MG63 143B

Fig. 9 miR-769-5p derived from BMSCs exosomes promotes the metastasis and proliferation of OS cells. A The expression of miR-769-5p

in BMSC-derived exosomes with or without transfected miR-769-5p inhibitor; B Relative miR-769-5p expression of OS cells cocultured with
miR-769-5p inhibitor-BMSCs compared to BMSCs were detected by gRT-PCR; C-G cocultured OS cells migration and invasion abilities was evaluated
by Scratch (C, E), Transwell migration (D, F) and Transwell invasion assays (D, G); H EMT-related proteins were detected by western blotting. I-M
cocultured OS cells proliferation ability was evaluated by EdU (I, K), colony-formation (J, L) and CCK-8 assays (M); N Cell-cycle-related proteins were
detected by western blotting. Data are presented as the means £ SD. *P <0.05, **P <0.01, ***P <0.001

reporter assays and rescue experiments confirmed that
DUSP16 functioned as the miR-769-5p downstream tar-
get gene in OS. However, the downstream miR-769-5p/
DUSP16 axis should be further explored.

The JNK/p38 MAPK signaling pathway plays a vital
role in tumor genesis and progression [45]. DUSP16
inhibits JNK-mediated signaling events by dephos-
phorylating threonine and tyrosine residues in the
JNK activation ring and effectively prevents down-
stream effector activation [46]. Therefore, whether
miR-769-5p activates JNK/p38 MAPK signaling

pathway by targeting DUSP16 should be explored. WB
indicated that miR-769-5p up-regulation promoted
p-ERK, p-JNK and p-p38 expression, which was res-
cued by DUSP16. DUSP16 down-regulation signifi-
cantly restored the effect of miR-769-5p inhibitor on
the JNK/p38 MAPK signaling pathway. The relationship
between this pathway and OS progression was ana-
lyzed. JNK activator rescued the inhibition of DUSP16
on EMT-related proteins and proliferation-related pro-
teins, indicating that DUSP16 regulated EMT and OS
proliferation by regulating this pathway.
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BMSCs, as the precursor cells of OS, play a crucial
role in tumor progression [47]. Moreover, exosomes
participate in intercellular communication during
pathophysiological progression through transmitting
genetic material (such as miRNAs) to other cells [48].
Furthermore, BMSCs-derived exosomal miR-208a
enhances OS cell proliferation and invasion [49], while
BMSCs-derived exosomal miR-206 inhibits OS pro-
gression by targeting TRA2B [50]. There are a great
number of similar studies, which further demonstrate

that exosomal miRNAs shuttled from BMSCs is possi-
bly related to OS development. For confirming BMSCs
exosomes’s function in OS, we co-cultured BMSCs with
OS cells and found that BMSC exosomes play a key role
in OS progression. Moreover, after down-regulating
miR-769-5p in BMSCs, the tumor-promoting effect of
BMSC exosomes on OS was restored, which suggested
that BMSCs played a vital role in promoting the malig-
nant progression of OS through exosomal miR-769-5p.
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Conclusion

In summary, our results first suggest that the BMSC
exosomes-derived miR-769-5p promotes OS prolifera-
tion and EMT by targeting DUSP16 and activating the
JNK/p38 MAPK signaling pathway. This study reveals a
novel underlying mechanism of OS progression and pro-
vided a new strategy for treatment of OS. However, the
pathogenesis of osteosarcoma still needs more research
to elucidate.

Abbreviations

OS: Osteosarcoma; BMSC: Bone mesenchymal stem cells; miRNA: MicroRNA;
DUSP16: Dual-specific phosphatase 16; EMT: Epithelial-mesenchymal transi-
tion; gRT-PCR: Real-time quantitative polymerase chain reaction; WB: Western
blot; IHC: Immunohistochemistry; HE: Hematoxylin—eosin.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512935-021-02257-4.

Additional file 1: Table S1. Expression of miR-769-5p and DUSP16
according to patients’ clinical features.

Additional file 2: Table S2. Primer sequences used in this research for
qRT-PCR.

Additional file 3: Table S3. Details of primary antibodies applied in this
study.

Additional file 4: Table S4. Details of top 5 miRNAs in GSE28423.
Additional file 5: Figure S1. Research methodology flowchart.

Acknowledgements
We thank International Science Editing (http://www.internationalscienceediti
ng.com) for editing this manuscript.

Authors’ contributions

WL performed the experiments, analyzed the data, and wrote the manuscript.
BW, KS and XT conceived the study and revised the manuscript. QZ and AD
performed the experiments and analyzed the data. SZ, JT and YW conceived,
designed, and supervised the research. All authors read and approved the
final manuscript. All authors declare that they have no conflict of interest. All
authors have read and approved the final manuscript

Funding
None.

Availability of data and materials

Most of the datasets supporting the conclusions of this article are included
within this article and the additional files. The datasets used or analyzed dur-
ing the current study are available on reasonable request.

Declarations

Ethics approval and consent to participate

All animal procedures were performed under the guidelines of the institu-
tional review board and the ethics committee of Nanjing Medical University.
The study was approved by the Ethics Committee of the First Affiliated Hospi-
tal of Nanjing Medical University and signed informed consent was obtained
from each patient.

Consent for publication
All the patients that involved in the study have given their consent to publish
their individual data.

Page 16 of 17

Competing interests
The authors declare no competing interests regarding the publication of this
paper.

Author details

'Department of Orthopedics, The First Affiliated Hospital of Nanjing Medical
University, 300 Guangzhou Road, Nanjing 210029, Jiangsu, China. “Depart-
ment of Pain Management, Sir Run Run Hospital, Nanjing Medical University,
Nanjing 211100, China. *Department of Hematology, The First Affiliated
Hospital of Nanjing Medical University, 300 Guangzhou Road, Nanjing 210029,
Jiangsu, China. “Department of Plastic and Burn Surgery, The First Affiliated
Hospital of Nanjing Medical University, 300 Guangzhou Road, Nanjing 210029,
Jiangsu, China. °Nanjing Shuangjian Medical Technology Co,, Ltd, Nan-

jing 210029, Jiangsu, China.

Received: 28 August 2021 Accepted: 10 October 2021
Published online: 18 October 2021

References

1. Rickel K, Fang F, Tao J. Molecular genetics of osteosarcoma. Bone.
2017;102:69-79. https://doi.org/10.1016/j.bone.2016.10.017.

2. Ottaviani G, Jaffe N. The epidemiology of osteosarcoma. Cancer Treat Res.
2009;152:3-13. https://doi.org/10.1007/978-1-4419-0284-9_1.

3. Yang C,TianV, Zhao F, Chen Z,Su P, LiY, et al. Bone microenvironment
and osteosarcoma metastasis. Int J Mol Sci. 2020. https://doi.org/10.3390/
ijms21196985.

4. Tian Z, Zhao J, TaiY, Amin S, Hu Y, Berger A, et al. Investigational agent
MLN9708/2238 targets tumor-suppressor miR33b in MM cells. Blood.
2012;120(19):3958-67. https://doi.org/10.1182/blood-2012-01-401794.

5. Croce CM, Calin GA. miRNAs, cancer, and stem cell division. Cell.
2005;122(1):6-7. https://doi.org/10.1016/j.cell.2005.06.036.

6. JiQ,Xu X, Song Q, Xu Y, Tai Y, Goodman SB, et al. miR-223-3p inhibits
human osteosarcoma metastasis and progression by directly targeting
CDH6. Mol Ther. 2018;26(5):1299-312. https://doi.org/10.1016/j.ymthe.
2018.03.009.

7. Chang M, Yan P, Zhang B, Zhang G, Wang J, Ge H, et al. MicroRNA-769-5p
promotes the growth of glioma cells by targeting lysine methyltrans-
ferase 2A. Onco Targets Ther. 2019;12:9177-87. https://doi.org/10.2147/
OTT.S311367.

8. XianY,Wang L, Yao B, Yang W, Mo H, Zhang L, et al. MicroRNA-769-5p
contributes to the proliferation, migration and invasion of hepatocellular
carcinoma cells by attenuating RYBP. Biomed Pharmacother. 2019;118:
109343. https://doi.org/10.1016/j.biopha.2019.109343.

9. De Craene B, Berx G. Regulatory networks defining EMT during cancer
initiation and progression. Nat Rev Cancer. 2013;13(2):97-110. https://doi.
0rg/10.1038/nrc3447.

10. Kudo-Saito C, Shirako H, Takeuchi T, Kawakami YJ. Cancer metastasis is
accelerated through immunosuppression during Snail-induced EMT of
cancer cells. Cancer Cell. 2009;15(3):195-206. https://doi.org/10.1007/
$10585-012-9545-6.

11. Tulchinsky E, Demidov O, Kriajevska M, Barlev N, Imyanitov EJ. EMT: a
mechanism for escape from EGFR-targeted therapy in lung cancer.
Biochimica Biophys Acta Rev Cancer. 2019;1871(1):29-39. https://doi.org/
10.1016/j.bbcan.2018.10.003.

12. LiR Ruan Q, Zheng J, Zhang B, Yang HJ. LINCO1116 promotes doxoru-
bicin resistance in osteosarcoma by epigenetically silencing miR-424-5p
and inducing epithelial-mesenchymal transition. Front Pharmacol.
2021;12:632206. https://doi.org/10.3389/fphar.2021.632206.

13. TanoueT,Yamamoto T, Maeda R, Nishida E. A Novel MAPK phosphatase
MKP-7 acts preferentially on JNK/SAPK and p38 alpha and beta MAPKSs.

J Biol Chem. 2001,276(28):26629-39. https://doi.org/10.1074/jbcM1019
81200.

14. Willoughby EA, Perkins GR, Collins MK, Whitmarsh AJ. The JNK-interacting
protein-1 scaffold protein targets MAPK phosphatase-7 to dephosphoryl-
ate JNK. J Biol Chem. 2003;278(12):10731-6. https://doi.org/10.1074/jbc.
M207324200.

15. LiJ, Zhou J, Xu Z, Huang H, Chen M, Ji J. MicroRNA-27a-3p inhibits
cell viability and migration through down-regulating DUSP16 in


https://doi.org/10.1186/s12935-021-02257-4
https://doi.org/10.1186/s12935-021-02257-4
http://www.internationalscienceediting.com
http://www.internationalscienceediting.com
https://doi.org/10.1016/j.bone.2016.10.017
https://doi.org/10.1007/978-1-4419-0284-9_1
https://doi.org/10.3390/ijms21196985
https://doi.org/10.3390/ijms21196985
https://doi.org/10.1182/blood-2012-01-401794
https://doi.org/10.1016/j.cell.2005.06.036
https://doi.org/10.1016/j.ymthe.2018.03.009
https://doi.org/10.1016/j.ymthe.2018.03.009
https://doi.org/10.2147/OTT.S311367
https://doi.org/10.2147/OTT.S311367
https://doi.org/10.1016/j.biopha.2019.109343
https://doi.org/10.1038/nrc3447
https://doi.org/10.1038/nrc3447
https://doi.org/10.1007/s10585-012-9545-6
https://doi.org/10.1007/s10585-012-9545-6
https://doi.org/10.1016/j.bbcan.2018.10.003
https://doi.org/10.1016/j.bbcan.2018.10.003
https://doi.org/10.3389/fphar.2021.632206
https://doi.org/10.1074/jbc.M101981200
https://doi.org/10.1074/jbc.M101981200
https://doi.org/10.1074/jbc.M207324200
https://doi.org/10.1074/jbc.M207324200

Liu et al. Cancer Cell Int

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33

(2021) 21:541

hepatocellular carcinoma. J Cell Biochem. 2018;119(7):5143-52. https://
doi.org/10.1002/jcb.26526.

Sekiya I, Larson B, Smith J, Pochampally R, Cui J, Prockop DJ. Expansion
of human adult stem cells from bone marrow stroma: conditions that
maximize the yields of early progenitors and evaluate their quality. Stem
Cells. 2002;20(6):530-41. https://doi.org/10.1634/stemcells.20-6-530.
ZhangT, Lee Y, RuiY, Cheng T, Jiang X, Li G. Bone marrow-derived mes-
enchymal stem cells promote growth and angiogenesis of breast and
prostate tumors. Stem Cell ResTher. 2013;4(3):70. https://doi.org/10.1186/
scrt221.

YanT, Wu M, Lv S, Hu Q, Xu W, Zeng A, et al. Exosomes derived from
microRNA-512-5p-transfected bone mesenchymal stem cells inhibit
glioblastoma progression by targeting JAG1. Aging. 2021;13(7):9911-26.
https://doi.org/10.18632/aging.202747.

SuY, Cheng R, Zhang J, Qian J, Diao C, Ran J, et al. Interferon-a2b gene-
modified human bone marrow mesenchymal stem cells inhibit hepato-
cellular carcinoma by reducing the Notch1 levels. Life Sci. 2015;143:18-
26. https://doi.org/10.1016/j.1fs.2015.10.031.

Li F, Chen X, Shang C,Ying Q, Zhou X, Zhu R, et al. Bone marrow mesen-
chymal stem cells-derived extracellular vesicles promote proliferation,
invasion and migration of osteosarcoma cells via the INCRNA MALAT1/
miR-143/NRSN2/Wnt/{-catenin axis. Onco Targets Ther. 2021;14:737-49.
https://doi.org/10.2147/0TT.5283459.

Wu Q,Sun'S, Li Z,Yang Q, Li B, Zhu S, et al. Tumour-originated exoso-
mal miR-155 triggers cancer-associated cachexia to promote tumour
progression. Mol Cancer. 2018;17(1):155. https://doi.org/10.1186/
$12943-018-0899-5.

Wu H, Mu X, Liu L, Wu H, Hu X, Chen L, et al. Bone marrow mesenchymal
stem cells-derived exosomal microRNA-193a reduces cisplatin resistance
of non-small cell lung cancer cells via targeting LRRCT1. Cell Death Dis.
2020;11(9):801. https://doi.org/10.1038/541419-020-02962-4.
CaiH,Yang X, Gao Y, Xu Z,Yu B, Xu T, Hua L, et al. Exosomal MICRORNA-
9-3p secreted from BMSCs downregulates ESM1 to suppress the devel-
opment of bladder cancer. Mol Ther Nucleic Acids. 2019;18:787-800.
https://doi.org/10.1016/j.omtn.2019.09.023.

Zhang S, Chen H, Liu W, Fang L, Qian Z, Kong R, et al. miR-766-3p target-
ing BCLIL suppressed tumorigenesis, epithelial-mesenchymal transition,
and metastasis through the beta-catenin signaling pathway in osteosar-
coma cells. Front Cell Dev Biol. 2020;8: 594135. https://doi.org/10.3389/
fcell.2020.594135.

Allen-Rhoades W, Kurenbekova L, Satterfield L, Parikh N, Fuja D, Shuck
RL, et al. Cross-species identification of a plasma microRNA signature

for detection, therapeutic monitoring, and prognosis in osteosarcoma.
Cancer Med. 2015;4(7):977-88. https://doi.org/10.1002/cam4.438.
Hoornaert I, Marynen P, Goris J, Sciot R, Baens MJO. MAPK phosphatase
DUSP16/MKP-7, a candidate tumor suppressor for chromosome region
12p12-13, reduces BCR-ABL-induced transformation. Oncogene.
2003;22(49):7728-36. https://doi.org/10.1038/sj.onc.1207089.

Agarwal V, Bell GW, Nam JW, Bartel DP. Predicting effective microRNA
target sites in mammalian mRNAs. Elife. 2015;12(4):1-38. https://doi.org/
10.7554/eLife.0500528.

Camps M, Nichols A, Arkinstall S. Dual specificity phosphatases: a gene
family for control of MAP kinase function. FASEB J. 2000;14(1):6-16.
https://doi.org/10.1096/fasebj.14.1.6.

Cortini M, Avnet S, Baldini N. Mesenchymal stroma: role in osteosarcoma
progression. Cancer Lett. 2017;405:90-9. https://doi.org/10.1016/j.canlet.
2017.07.024.

LinY, Jewell B, Gingold J, Lu L, Zhao R, Wang L, et al. Osteosarcoma:
molecular pathogenesis and iPSC modeling. Trends Mol Med.
2017;23(8):737-55. https://doi.org/10.1016/j.molmed.2017.06.004.

Elalfy B. Exon array analysis to identify diethyl-nitrosamine differentially
regulated and alternately spliced genes in early liver carcinogenesis

in the transgenic mouse ATT-myc model. SciMed J. 2021;3(2):138-52.
https://doi.org/10.28991/SciMedJ-2021-0302-6.

Nicoleau W-S. Beyond thrombosis: the role of platelets in pulmonary
hypertension. SciMed J. 2020;2(4):243-71. https://doi.org/10.28991/SciMe
dJ-2020-0204-7.

Lin R, Han C, Ding Z, Shi H, He R, Liu J, et al. Knock down of BMSC-derived
Wnt3a or its antagonist analogs attenuate colorectal carcinogenesis

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Page 17 of 17

induced by chronic Fusobacterium nucleatum infection. Cancer Lett.
2020;495:165-79. https://doi.org/10.1016/j.canlet.2020.08.032.

Li R, Wang Y, Zhang X, Feng M, Ma J, Li J, et al. Exosome-mediated
secretion of LOXL4 promotes hepatocellular carcinoma cell invasion

and metastasis. Mol Cancer. 2019;18(1):18. https://doi.org/10.1186/
$12943-019-0948-8.

Thind A, Wilson C. Exosomal miRNAs as cancer biomarkers and therapeu-
tic targets. J Extracell Vesicles. 2016,5:31292. https://doi.org/10.3402/jev.
v5.31292.

Chang R, Xiao S, Lei X, Yang H, Fang F, Yang LY. miRNA-487a promotes
proliferation and metastasis in hepatocellular carcinoma. Clin Cancer Res.
2017;23(10):2593-604. https://doi.org/10.1158/1078-0432.CCR-16-0851.
Jeon J, Olkhov-Mitsel E, Xie H, Yao C, Zhao F, Jahangiri S, et al. Temporal
stability and prognostic biomarker potential of the prostate cancer urine
miRNA transcriptome. J Natl Cancer Inst. 2020;112(3):247-55. https://doi.
0rg/10.1093/jnci/djz112.

Chen J, Liu G,Wu'Y, Ma J, Wu H, Xie Z, et al. CircMYO10 promotes osteo-
sarcoma progression by regulating miR-370-3p/RUVBL1 axis to enhance
the transcriptional activity of 3-catenin/LEF1 complex via effects on
chromatin remodeling. Mol Cancer. 2019;18(1):150. https://doi.org/10.
1186/512943-019-1076-1.

Luan PB, Jia XZ, Yao J. MiR-769-5p functions as an oncogene by down-
regulating RYBP expression in gastric cancer. Eur Rev Med Pharmacol Sci.
2020;24(12):6699-706. https://doi.org/10.26355/eurrev_202006_21657.
Yu L, Luan W, Feng Z, Jia J, Wu Z, Wang M, et al. Long non-coding RNA
HAND2-AS1 inhibits gastric cancer progression by suppressing TCEAL7
expression via targeting miR-769-5p. Dig Liver Dis. 2021,53(2):238-44.
https://doi.org/10.1016/j.d1d.2020.08.045.

Ni N, Ma W, Tao'Y, Liu J, Hua H, Cheng J, et al. Exosomal MiR-769-5p exac-
erbates ultraviolet-induced bystander effect by targeting TGFBR1. Front
Physiol. 2020;11: 603081. https://doi.org/10.3389/fphys.2020.603081.
Smith BN, Bhowmick NA. Role of EMT in metastasis and therapy resist-
ance. J Clin Med. 2016. https://doi.org/10.3390/jcm5020017.

Yeung KT, Yang J. Epithelial-mesenchymal transition in tumor metastasis.
Mol Oncol. 2017;11(1):28-39. https://doi.org/10.1002/1878-0261.12017.
Lin X, Wang S, Sun M, Zhang C, Wei C, Yang C, et al. miR-195-5p/NOTCH2-
mediated EMT modulates IL-4 secretion in colorectal cancer to affect
M2-like TAM polarization. J Hematol Oncol. 2019;12(1):20. https://doi.org/
10.1186/513045-019-0708-7.

Morgan E, Scarth J, Patterson M, Wasson C, Hemingway G, Barba-
Moreno D, et al. E6-mediated activation of JNK drives EGFR signalling

to promote proliferation and viral oncoprotein expression in cervical
cancer. Cell Death Differ. 2021;28:1669-87. https://doi.org/10.1038/
541418-020-00693-9.

Masuda K, Shima H, Watanabe M, Kikuchi K. MKP-7, a novel mitogen-acti-
vated protein kinase phosphatase, functions as a shuttle protein. J Biol
Chem. 2001,276(42):39002-11. https://doi.org/10.1074/jbc.M104600200.
Rubio R, Abarrategi A, Garcia-Castro J, Martinez-Cruzado L, Suarez C,
Tornin J, Santos L, et al. Bone environment is essential for osteosarcoma
development from transformed mesenchymal stem cells. Stem Cells.
2014;32(5):1136-48. https://doi.org/10.1002/stem.1647.

Kulkarni B, Kirave P, Gondaliya P, Jash K, Jain A, Tekade RK, et al. Exosomal
miRNA in chemoresistance, immune evasion, metastasis and progression
of cancer. Drug Discov Today. 2019;24(10):2058-67. https://doi.org/10.
1016/j.drudis.2019.06.010.

Qin F, Tang H, Zhang Y, Zhang Z, Huang P, Zhu J. Bone marrow-derived
mesenchymal stem cell-derived exosomal microRNA-208a promotes
osteosarcoma cell proliferation, migration, and invasion. J Cell Physiol.
2020;235(5):4734-45. https://doi.org/10.1002/jcp.29351.

Zhang H, Wang J, Ren T, Huang Y, Liang X, Yu Y, et al. Bone marrow mes-
enchymal stem cell-derived exosomal miR-206 inhibits osteosarcoma
progression by targeting TRA2B. Cancer Lett. 2020;490:54-65. https://doi.
org/10.1016/j.canlet.2020.07.008.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.1002/jcb.26526
https://doi.org/10.1002/jcb.26526
https://doi.org/10.1634/stemcells.20-6-530
https://doi.org/10.1186/scrt221
https://doi.org/10.1186/scrt221
https://doi.org/10.18632/aging.202747
https://doi.org/10.1016/j.lfs.2015.10.031
https://doi.org/10.2147/OTT.S283459
https://doi.org/10.1186/s12943-018-0899-5
https://doi.org/10.1186/s12943-018-0899-5
https://doi.org/10.1038/s41419-020-02962-4
https://doi.org/10.1016/j.omtn.2019.09.023
https://doi.org/10.3389/fcell.2020.594135
https://doi.org/10.3389/fcell.2020.594135
https://doi.org/10.1002/cam4.438
https://doi.org/10.1038/sj.onc.1207089
https://doi.org/10.7554/eLife.0500528
https://doi.org/10.7554/eLife.0500528
https://doi.org/10.1096/fasebj.14.1.6
https://doi.org/10.1016/j.canlet.2017.07.024
https://doi.org/10.1016/j.canlet.2017.07.024
https://doi.org/10.1016/j.molmed.2017.06.004
https://doi.org/10.28991/SciMedJ-2021-0302-6
https://doi.org/10.28991/SciMedJ-2020-0204-7
https://doi.org/10.28991/SciMedJ-2020-0204-7
https://doi.org/10.1016/j.canlet.2020.08.032
https://doi.org/10.1186/s12943-019-0948-8
https://doi.org/10.1186/s12943-019-0948-8
https://doi.org/10.3402/jev.v5.31292
https://doi.org/10.3402/jev.v5.31292
https://doi.org/10.1158/1078-0432.CCR-16-0851
https://doi.org/10.1093/jnci/djz112
https://doi.org/10.1093/jnci/djz112
https://doi.org/10.1186/s12943-019-1076-1
https://doi.org/10.1186/s12943-019-1076-1
https://doi.org/10.26355/eurrev_202006_21657
https://doi.org/10.1016/j.dld.2020.08.045
https://doi.org/10.3389/fphys.2020.603081
https://doi.org/10.3390/jcm5020017
https://doi.org/10.1002/1878-0261.12017
https://doi.org/10.1186/s13045-019-0708-7
https://doi.org/10.1186/s13045-019-0708-7
https://doi.org/10.1038/s41418-020-00693-9
https://doi.org/10.1038/s41418-020-00693-9
https://doi.org/10.1074/jbc.M104600200
https://doi.org/10.1002/stem.1647
https://doi.org/10.1016/j.drudis.2019.06.010
https://doi.org/10.1016/j.drudis.2019.06.010
https://doi.org/10.1002/jcp.29351
https://doi.org/10.1016/j.canlet.2020.07.008
https://doi.org/10.1016/j.canlet.2020.07.008

	Exosomal transfer of miR-769-5p promotes osteosarcoma proliferation and metastasis by targeting DUSP16
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Materials and methods
	Clinical specimens
	Cells and cell culture
	Lentivirus construction establishment and transfection
	Cell co-culture
	Exosome extraction and identification
	Exosome uptake by MG63 and 143B cells
	RNA extraction and qRT-PCR
	Western blotting (WB)
	Colony formation assay
	CCK-8 assay
	5-Ethynyl-2-deoxyuridine (EdU) incorporation assays
	Scratch assay
	Transwell assays
	Luciferase reporter assay
	Immunohistochemistry (IHC)
	Animal experiments
	Statistical analysis

	Results
	miR-769-5p is highly expressed in OS tissues and cells
	miR-769-5p promotes the proliferation of OS cells in vitro and in vivo
	miR-769-5p promotes the metastasis of OS cells in vitro and in vivo
	DUSP16 is down-regulated in OS and is a downstream target gene of miR-769-5p
	miR-769-5p promotes the metastasis and proliferation of OS cells by targeting DUSP16
	miR-769-5p regulates the JNKp38 MAPK signaling pathway by targeting DUSP16
	Exosomes released by BMSC promote EMT and the proliferation of OS cells
	BMSC-derived exosomes can be taken up by OS cells
	miR-769-5p derived from BMSCs exosomes promotes the metastasis and proliferation of OS cells

	Discussion
	Conclusion
	Acknowledgements
	References




