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ABSTRACT In the current study, the researchers cultured the hBMSCs in o.-DMEM supplemented with foetal bovine
serum. After an incubation period of 48 hours the exosome-containing cell culture supernatants were collected and
subjected to PEG-based vesicle enrichment for purification. The enriched exosomes derived from hBMSCs, with or
without miR-6087, were used to treat osteosarcoma (U20S) cells. The cell viability was tested using Transwell
invasion assay, CCK-8 test and scratch migration assay. The Western blotting and RT-PCR were employed to
determine the levels of HSP70/ALIX and miR-6087 in the exosomes. The HBMSC derived exosomes exhibited
significant impact on the growth of U20S cells. The growth of tumour cells was notably inhibited when miR-6087 in
exosomes was suppressed. This study marks the initial instance where the researchers successfully showcased the
ability of exosome derivatives from hBMSCs to prevent the U20S cells proliferation, through the modulation of
miRNA-6087. The findings present a novel perspective on the involvement of hBMSCs in tumour advancement.

INTRODUCTION

In this study, the researchersinvestigated the
secretion of mMiRNA by hBM SCs through exo-
somesand their effectson human U20S cellsand
their growth. Osteosarcoma (OS) is considered
as aprimary tumour with high malignant poten-
tial, frequently occurring among children and
young individuals (Ottaviani and Jaffe 2009). Its
resistance to chemotherapy is the major reason
that OStreatment fails (Ahmed et a. 2014; Con-
stantinidou et al. 2013). Hence, thereisanimme-
diate need to uncover the underlying molecular
mechanisms of OS and identify a suitable thera-
peutic approach for itstreatment, such asgenetic
intervention (Miao et al. 2013). Osteosarcoma, a
cancerous bone tumour with asignificant unsta-
ble gene, primarily affects individuals in their
twenties and thirties (Kubota et al. 2013). Since
the 1970s, patients diagnosed with localised dis-
ease have achieved a 70 percent rate of event-
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free survival (EFS) over a period of five years
after the application of pre- and postoperative
chemotherapy. Compared to individuals diag-
nosed with alocalised disease, patients suffering
from metastatic OS exhibit 5-year EFSratesthat
do not exceed 20 percent (Mialou et a. 2005).
Microvesicles (MVs) arereleased by cellsin
various conditions (Pittenger et a. 1997; Mén-
dez-Ferrer et al. 2010; Salem and Thiemermann
2010). Recent studies have increasingly shown
that MVs have the ability to transport DNA,
RNAs, and proteins to the neighbouring cells
(Johnson and Dorshkind 1986; Pittenger MF et
al. 1997; Campagnoli et al. 2001; Leeet a. 2004).
MVs consist of different types of vesicles, in-
cluding exosomes (30-200 nm) (Campagnoli et a.
2001). Non-coding RNAscaled microRNAs(miR-
NAS) play a negative regulatory role in mRNA
transcription levels, thereby influencing gene ex-
pression. Severa studies have demonstrated the
involvement of miRNAsin cellular processessuch
as cell proliferation and apoptosis (Calin and
Croce 2000; Esquela-K erscher and Slack 2006; Sun
and Lai 2013; Rider et a. 2016; Shinagawaet al.
2010; Linetal. 2019). Hanet d. (2014) previoudy
suggested distinct profiles of serum-derived miR-
NAs in different cancer types (Yu and Zhang
2014; Nawaz et al. 2016). Notably, miR-6087 has
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been found to be significantly enriched in hBM-
SCs-EXO according to previousresearch (Baglio et
al. 2015), anditisconsidered animportant miRNA
speciesinvolvedintumorigenesis(Yooet d. 2012).

The MV sderived from the cells of malignant
tumours have been involved in the early detec-
tion and signal transduction of cells, which is
now acontroversial topic. In recent times, numer-
ous research notices have indicated the probable
utilisation of MV sasharmlessand capable carri-
ersfor drug delivery (Campagnoali et al. 2001; Gra-
dillaet a. 2014; Yang et a. 2010). Johnson and
Dorshkind (1986) discovered that miRNA is
present in MV ssecreted by hBM SCs, which could
potentially interact with theinternal environment
and target cells in a specific manner (Méndez-
Ferrer et al. 2010; Fu et al. 2013) The components
of RNA-induced silencing complex (RISC) to tar-
get cells can betransferred viaMV s as stated by
Pittenger MF (1997) and Leeet a. (2004) hereby
implyingtheir involvement ingenesilencinginduced
by miRNA (Zhao et d. 2014; Teng et a. 2015;
Rider eta. 2016).

In this research, the researchers have ob-
served that hBM SC-derived exosomesplay acru-
cial rolein promoting the growth of U20S cells.
By inhibiting miR-6087 within these exosomes
derived from hBM SCs, theresearchers have wit-
nessed a significant reduction in tumour growth.
As a result, the researchers propose an auda-
cious hypothesisthat targeted modulation of miR-
6087 could potentially contributeto theinhibition
of osteosarcomagrowth in clinical settings.

METHODSAND MATERIAL
Cdl Cultivation

Mesenchymal stem cellsderived from human
marrow of bonewere cultured ina37°Cincubator
with 5 percent CO, using DMEM (BI, Isragl) sup-
plemented with 10 percent foetal bovine serum
(FBS, Hyclone, USA).

QRT-PCR

The assays were performed in order to mea-
sure the levels of mature miRNAS, with minor
modifications as previously mentioned (Fatima
and Nawaz 2017; Nawaz et a. 2016). The RNA
was totally extracted following instructions us-
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ingthe TRIzol Reagent (Servicebio). ThemiRNA
was quantified using Tagman microRNA probes
(ABI7500). Thetrialsand experiments executed
triplicate. During the course of the reactions,
threshol d was predetermined and applied to ver-
ify the (CT) data, and theaverage CT valueswere
computed using three replicates of RT-PCR as-
says. The CT analysis was performed for com-
parison between the experimental reactions and
the control group. U6 snRNA served astheinter-
nal reference for mMiRNAS.The normalised rela-
tive levels of gene expression were determined
by applying the equation 2AACT, where ACT rep-
resents the difference between the CT values of
thetarget geneand control. The primersfor miR-
NA-6087 and U6 were designed using thefol low-
ing sequences. 52-CTCGCTTCGGCAGCACA-32
(sense) and52-AACGCTTCACGAAT TTGCGT-
32 (antisense) for UG; 52ACACTCCAG CTGGGT-
GAGGCGGGGGG-32 (sense) and 52 -TGGT-
GTCGTGGAGTCG-32 (antisenss) formiRNA-6087.

Transfection

ThehBM SCsplantedinthesix well platewere
kept for 24 hoursfollowing the completion of the
transfection experiment. The hsa-miR-6087-inhib-
itors, were obtained from GeneChem (Shanghai,
China). Theselentiviral particleswerethenintro-
duced into hBM SCs following the instructions
provided by the manufacturer. The PCR analysis
was conducted on the harvested cells 72 hours
post-transfection.

Extraction of Microvesiclesfrom Media

They were kept on the culture medium of
MSCsusing aprevioudly described method (Cam-
pagnoali et al. 2001). The supernatant of cell cul-
tures containing vesicles were subjected to cen-
trifugation at 2,000 g for a period of 30 minutes,
and an additional centrifugation step at five hun-
dred gramsfor removal of debris. Following the
completion of centrifugation, a 16 percent PEG
solution was added to mediawith volumetric 1:1
ratio. The obtained mixture wasthen incubated at
atemperature of 4 °C for aduration of 12 hours.
Subsequently, on the following day, the samples
underwent centrifugation at a speed of 3,214 g
(Eppendorf) for an hour while maintaining a
temperature of 4 °C. The liquid was eliminated,
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and the centrifuge tube was turned upside down
for a duration of 5 minutes, occasionally tapped
to eliminate any surplus PEG. The bottom of the
centrifuge tube contained the sediment, which
was resuspended in one mL of free particle PBS
with (pH 7.4), subjected to purification using, and
incubated overnight at atemperature of 4 °C. The
procedures were repeated as performed on the
previous day for al samples. They were subse-
quently utilised promptly or preserved in liquid
nitrogen after being agitated at room temperature
for amaximum duration of 30 minutes.

Electron Microscopy for Transmission
Purposes

After immersing the samplesin a droplet of
PBS buffer with 2.5 percent glutaraldehyde at a
temperature of 4 °C, the sampleswere placed on
copper wirefor aduration of 20 minutesto alow
excess absorption, followed by negative staining
using phosphotungstic acid for one minute at a
temperature of 25°C. Finaly, observationwascon-
ducted through a FEI Tecnai T20 TEM operating
at an acceleration voltage of 120 kV.

Viability of Cells

The cell proliferation capacity was assessed
usingthe CCK-8 assay. TheU20Scellsand normal
exosomes were added together and cultured with
400 ng/mL aswell asthe downregul ated exosomes
with 400 ug/ml miRNA-6087 respectively, ina96-
well plate at adensity of 3x103 cells per well. The
experimenta group was treated with normal exo-
somesand miRNA-6087 downregul ated exasomes,
while the control group received an equivalent
amount of exosome-depleted medium. Theviahility
of cells was assessed at 6, 12, and 24 hours post-
treatment. Among both the groups, the experimen-
tal group wastreated with miRNA-6087 downregu-
lated exosomes and normal exosomes, whereasthe
control group received an equivalent amount of ex-
osome-depleted medium. Theviahility of cellswas
assessed at 6, 12, and 24 hours post-treatment.

Migration of Scratch
In the current study, briefly, the U20S cells

were seeded at adensity of 1x105 cellsper well in
a6-wdl plateand incubated under standard condi-
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tionsat 37 °Cwith 5 percent CO,. When thefloor
areawas occupied by 90 percent of cells, asterile
2 uL scratchwascreated. Thewellswerewashed
twiceusing PBS, and the PBS was then removed
using100 pL pipette. The 400 ug/mL exosomes,
with either presence or absence of down regul at-
ed miRNA-6087, along with equival ent volume of
conditioned medium were introduced as experi-
mental controls onto the cells. The scratch gap
areawas observed and documented at 6, 12, or 24
hours using a microscope.

Transwdl Infiltration

A diluted ECM glue solution of 40 ul wasin-
troduced into each chamber 5 hours prior to cell
seeding intheinvasion assay test. Following that
theU20S cellswereplated with adensity of 8x104
cells, whichincluded a24-well withasizeof 8um
inthe upper chamber. They werere-cultured with
exosomes at aconcentration of 400 ug/mL, either
in their original form or with reduced levels of
mMiRNA-6087. The control group was provided
with an equivalent medium that lacked exosomes.
Therelevant growth media (600 uL), which was
suspended with Transwell as a chemoattractant,
supplemented with 30 percent FBS was intro-
duced. They were treated with methanol for a
duration of 20 minutesand then subjected to stain-
ing using a solution containing 0.1 percent crys-
tal violet for a period of 15 minutes. Following
this, the cellswereincubated in a CO2 incubator
at atemperature of 37 °C for 24 hours. Thework
conducted amicroscopic analysis (20X magnifi-
cation) to quantify the extent of cell invasioninto
themembrane. Fiverandom fieldswere observed

per well.
AnalysisUsingtheWester n Blot Technique

Alix and Hsp70 protein level s were assessed
using Western blot analysis, with GAPDH serv-
ing as the internal control. Immunaoblots under-
went blocking using abuffer solution (PBSwith 5
percent fat-freedried milk) at atemperature of 25
°C for one hour. Subsequently, they were incu-
bated overnight at 4 °C with antibodies against
Alix and Hsp70 (Abcam, diluted to a ratio of
1:1000), aswell asGAPDH (Abcam, dilutedto a
retio of 1:2000).
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QuantitativeAnalyses

Five distinct experimentswere used to obtain
all thedata. Themean values+ S.E. were used to
represent the data.

RESULTS

Relevant to the Enrichment of hBM SCs-exo,
PEG-based Vesicle Concentr ation Demonstrates
Remar kable Effectiveness

Thework initially cultured human bone mar-
row-derived mesenchymal stem cellsinalabora-
tory setting (Fig.1). AsshowninFigure 1, thecell
morphology of the third generation human bone
marrow-derived M SCs was observed after cul-

turing for 2, 7, and 20 days, and under an optical
microscope, the cells grew in a fibroblast-like,
spindle-shaped morphol ogy. Figure B showschar-
acterisation analysis of M SCsfrom human bone
marrow examined at passage 3 showed the pres-
enceof CD29 and CD105 markersin human bone
marrow-derived M SCs, indicating positive expres-
sion. In contrast, CD45 and CD34 markerswere
not observed. Figure C showsthe changing trend
of the number of human bone marrow-derived
MSCsin the first and third generations with the
culture time. Subsequently, the researchers opt-
ed for aPEG-based techniquetoisol ate exosomes.
In the present study, the researchers observed
the cup shaped vesicles measuring 100 nmin di-
ameter (Fig. 2). AsshowninFigures1and 3, trans-
mission electron microscopy images displayed
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Fig. 1. Analysis of mesenchymal stem cells derived from the bone marrow of human individuals
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Fig. 2. Identification and characterization of exosomes released by M SCs derived from human bone marrow

the presence of characteristic small circular nano-
particlesin exosomes obtained from M SCs, with
sizesranging between 40 to 150 nm. The provid-
ed scale bars represent measurements of 100 na-
nometersand 0.5 micrometers. In Figure 2, West-
ern blotting was employed to detect the expres-
sonof Hgp70and AL IX inexosomesderived from
hBM SCs.

In ComparisontohBM SCs, ExosomesDer ived
from hBM SCsExhibited aNotably Elevated
Expression of miRNA-6087

Q-PCR technology was utilised to analysethe
expression of mMiRNA-6087 in bothhBM SCsand
hBM SC-exo, revealing anoteworthy increasein
miRNA-6087 expression within exosomes com-
pared to hBMSCs. Hence, it is the researchers
contention that there was anoticeable occurrence
of miRNA-6087 enrichment within the exosomes,
which could potentially contribute to the devel-
opment of amalignant phenotypein U20S cells
(Fig. 3). Theinvasion, migration aswell the prolif-
eration, of OScellscan besignificantly enhanced
by exosomes released from hBM SCs. However,
exosomes obtained from hBM SCswith reduced
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levels of mMiIRNA-6087 do not exhibit the same
promoting effects.

To further investigate this, the researchers
performed a migration assay from scratch. The
scratchwasamost completely filled by U20Scells
treated with exosomes within 24 hours. The mi-
grated U20S cellswere observed to belimited to
only 10 percent and 20 percent of the scratch
after a 24-hour incubation period (Fig. 4). As
shown in Figure A and B, migration assay was
conducted to evaluate the impact of hBM SC-ex-
osomes interference, down-regulation of miR-
6087, and control group at 6, 12, and 24 hours.
Thewound healing assay revealed enhanced mi-
gratory capacity of cellsinthehBM SC-exosomes
group. Compared to the control group and the
group with down-regulated miR-6087, there was
asignificant disparity in the percentage of wound
closure (n=3 per group). The blank control and
miR-6087 down-regulated groups exhibited re-
duced cell migration ability. Asshown in Figure
C, the U20S cell line is subjected to co-culture
with different concentrations of hBM SC-exo-
somes (400ug/ml) for varying timeintervals (0, 6,
12, and 24 hours). Subsequently, CCK -8 analyses
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were performed on each group consisting of three
replicates. As shown in Figures D and E, U20S
cells were added to the upper chamber of atran-
swell system, which had amembrane coated with
matrigel. The cancer cells were exposed to exo-
somes at aconcentration of 400ug/ml, or treated
with exosomes that had been modified to down-
regulate miR-6087 expression (also at aconcen-
tration of 400ug/ml). A control group wasinclud-
ed using an equal volume of medium depleted of
exosomes. After aduration of 24 hours, the quan-
tity of cells that moves to the lower chamber of
themembranewith poressized at 8 umisassessed
through visual inspection and cell counting. Each
group consisted of three replicates.
“p-vauelessthan 0.001, " p-va uelessthan
0.005, ""p-vauelessthan 0.01, "p-valuelessthan
0.05, NO: no statistically significant findings.

DISCUSSION

ThehBM SCscellstarget thetumour microen-
vironment, which could potentially enhance the
effectiveness of chemotherapy inindividualsdi-
agnosed with OS as stated by Tu et a. (2016),
suggesting that hBM SCs are integral targets to
represstheintercellular communicationinthepro-
cess of carcinogenesis (Melzer et a. 2016). The
presence of hBMSCs in the tumour microenvi-
ronment could potentialy facilitatethemigration
and invasion of OScells. The growth of OS may
be influenced by hBMSCs, which have been
found to play asupportiverole. Thelink between
miRNA composition of the EVs released from
hBM SCs are said to be closely linked with each
other (Vallabhaneni et a. 2016). According to the
report, miRNAshave beenidentified aspromising
and innovative therapeutic targets for addressing
OS(Jangetd. 2014). Thelatest literatureindicates
that extracellular vesicdlemediated miRNA promotes
ferroptosisandinhibitsproliferation, migration, and
invasion of osteosarcoma by regulating ZEB1
(Jang et al. 2023). It has been reported that the
proliferation of active osteosarcomacellsisspecif-
ically promoted by mesenchymal stem cells, while
relatively stationary tumour cdllsareunaffected. This
discovery brings new hope for post-tumour
resection treatment (Avril et a. 2016).

Infact, MV-mediated small RNAs havelong
been regarded as more effective than conven-
tional delivery methodslikeliposomesand virus-
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es(Dudakovicet a. 2014). Oneexplanationisthat
theseMV soriginatefrom human cells, whichin-
herently possess the capacity to decrease toxici-
ty and improve immune cell tolerance (Théry et
al. 2006; Dudakovic et al. 2014). It was also re-
ported that thetransfection of HUVECswithmim-
icsof both the control and hsa-miR-6087 did not
resultinasignificant aterationinendoglin mRNA
expression. In contrast to the upregulation of
MRNA expression, the presence of hsa-miR-6087
reduced endoglin protein levels than controls
(Yooetd. 2012).

The present study found that hBM SC-exo can
enhance U20Scells invasion, proliferation, and
migration. Numerous reports have suggested that
exosomesinclude amultitude of small molecules,
including basic moleculessuch asRNA, proteins,
and lipids. In previous studies, considerable at-
tention has been given to investigating the cor-
relation between miRNA and the oncogenic char-
acterigtics of OS, leading to significant insights
into theimpact of miRNAson theproliferation of
OS cells. Therefore, exosomes are the essential
carriersfor the intercellular communication and
they could potentially serveasameansfor miRNA
to modulate target cells.

Additionally, miRNA-6087 was considerably
enriched in the exosomes, and the exosomes ex-
hibited a remarkable inhibitory effect on U20S
cells' invasion, proliferation, and migration, in
which miRNA-6087 was downregulated. When
U20S cdlls were exposed to exosomes obtained
from hBM SCs that had undergone downregula-
tion of MIRNA-6087, therewasanotable decrease
inU20Scedlls invasion, proliferation, and migra-
tion. Eventhecdlular function of U20Swasinhib-
ited. Therefore, the researchers have determined
that themiRNA-6087 present in exosomesderived
from human bone marrow mesenchymal stemcells
isfoundto be crucia for regulating the migration,
invasion, and proliferation of U20Scells.

Restrictions

Similar to numerous other research studies,
the present investigation possesses several limi-
tations. These include the following:

1 Theresearcherssolely conductedinvitro
experiments and aspire to conduct future
in vivo investigations.
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2 The researchers aim to investigate the
impact of miR-6087 upregulation on hBM-
SC-exo, asit hasbeen primarily associat-
ed with downregulation. This approach
allows the researchers to explore the po-
tentia effectsresulting fromincreased levels
of miR-6087.

3. Theresearchersplantoreplicatethefind-
ingsin additional OS cell lines as part of
the ongoing research, considering that the
current study was limited to asingle cell
line.

4. The downstream molecular mechanism
was not investigated in the current study,
however, the researchers plan to allocate
more focus towards this aspect in future
research.

5 Itiscrucia to validate thefindings by ex-
amining the clinical specimens. Addition-
ally, conducting gene sequencing onthese
clinical specimenswould greatly contrib-
ute to further research on osteosarcoma.

CONCLUSON

In the current study the researchers investi-
gated the ability of hBM SCsin tumour advance-
ment and the researchers conclude that down-
regul ation of mMiIRNA-6087 expressoninextrace lu-
lar vesicles derived from hBM SCs can inhibit tu-
mour cell proliferation. Thefindingsimplicateanovel
perspective in investigating the enhancement of
tumour growthwith involvement of hBM SCs.

RECOMMENDATIONS

Inthefollow-up research, theresearcherswill
focus on in vivo experimental research, using
multiple cell lines for experiments, studying the
downstream molecular mechanism and gene se-
guencing of clinical specimens.

LIST OF ABBREVIATIONS

TNFR: Tumour necrosisfactor receptor
RISC: RNA-induced silencing complex

MVs: Microvesicles

mMiRNAS: MicroRNAs

RT-PCR: Reverse Transcription polymerase
chain reaction

OS: Osteosarcoma
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ALIX: ALG-2-interacting protein X
HSP70: Heat Shock Protein 70
hBM SCs: mesenchymal stem/stromal cells

ETHICS APPROVAL AND CONSENT
TO PARTICIPATE

Not applicable.
COMPETINGI NTERESTS
No conflictsof interest exist in thismanuscript.
CONSENT FOR PUBLICATION

Manuscript is approved by all authors for
publication.

AVAILABILITY OF DATA AND
MATERIALS

Thedataand materials of thisexperiment are
available.

ACKNOWLEDGEMENTS
Not applicable.
AUTHOR CONTRIBUTIONS

Yuan Niuwasresponsiblefor conception and
design. Yibiao Zhou was responsible for manu-
script writing. Xiaowei Yang and Sheng Huang
were responsible for collection and assembly of
data. Xugiang Liu and Bin Zhang were responsi-
ble for data analysis and interpretation. All au-
thorswereresponsiblefor manuscript writing. All
authorswereresponsiblefor thefinal approval of
the manuscript.

FUNDING

This work was funded by the project sup-
ported by The Foundation of Health Department
of Jiangxi Province (2016A073), Jiangxi Provin-
cial Department of Science and Technology
(20171BAB205059), Foundation of the Graduate
Innovation Centre, Jiangxi province, China
(Y C2017-S097), Gan-Po Talents Project 555 of
Jiangxi Province and National Natural Science
Foundation of China(No. 81660365).



16

REFERENCES

Ahmed AA, Zia H ,Wagner L 2014.Therapy resistance
mechanisms in Ewing's sarcoma family tumors. Cancer
Chemother Pharmacol, 73: 657-663.

Avril P, Le Nail L-R, Brennan MA 2016.Mesenchymal
stem cells increase proliferation but do not change quies-
cent state of osteosarcoma cells: Potentia implications
according to the tumor resection status. Journal of Bone
Oncology, 5(1): 5- 14.

Baglio SR, Rooijers K, Koppers-Lalic D 2015. Human bone
marrow and adipose-mesenchymal stem cells secrete
exosomes enriched in distinctive miRNA and tRNA spe-
cies. Sem Cell Research & Therapy, 6(1): 127.

Calin GA, Croce CM 2000. MicroRNA signatures in hu-
man cancers. Nat Rev Cancer, 6: 857-866.

Campagnoli C, Roberts IA, Kumar S, Bennett PR, Bellan-
tuono I, Fisk NM 2001. Identification of mesenchymal
stem/progenitor cells in human firgt-trimester fetal blood,
liver, and bone marrow. Blood, 98(8): 2396-2402.

Constantinidou A, Pollack S, Loggers E, Rodler E, Jones
RL 2013. The evolution of systemic therapy in sarco-
ma. Expert Rev Anticancer Ther, 13(2): 211-223.

Dudakovic A, Camilleri E, Riester SM, Lewallen EA et a.
2014. High-resolution molecular validation of self-re-
newal and spontaneous differentiation in clinical-grade
adipose-tissue derived human mesenchymal stem cells.
J Cell Biochem, 115(10): 1816-1828.

Esquela-Kerscher A, Slack FJ 2006.0ncomirs-microRNAS
with a role in cancer. Nat Rev Cancer, 6: 259-269.

FatimaF, Nawaz M 2017.Vesiculated long non-coding RNAS:
Offshore packages deciphering trans-regulation between
cells, cancer progression and resistance to therapies.
Non-Coding RNA, 3: 1-23.

Fu J, Rodova M, Roy SK, Sharma J, Singh KR, Srivastava
RK, Shankar S 2013. GANT-61 inhibits pancreatic can-
cer stem cell growth in vitro and in NOD/SCID/IL2R
gamma null mice xenograft. Cancer Lett, 330(1): 22-
32.

GradillaAC, Gonzaez E, Seijo | 2014. Exosomes as Hedge-
hog carriers in cytoneme-mediated transport and secre-
tion. Nat Commun, 5: 5649.

Han I, Yun M, Kim EO, Kim B, Jung MH, Kim SH 2014.
Umbilical cord tissue-derived mesenchymal stem cells
induce apoptosis in PC-3 prostate cancer cells through
activation of JNK and downregulation of PISK/AKT
signaling. Sem Cell Res Ther, 5(2): 54.

Jang L, He A, Zhang Q, Tao C 2014. miR-126 inhibits cdll
growth, invasion, and migration of osteosarcoma cells
by downregulating ADAM-9. Tumour Biol, 35(12):
12645-12654.

Jang M, Jke'Y, Liu K, Gan F, Zhang K et al. 2023. Exo-
some-mediated miR-144-3p promotes ferroptosis to
inhibit osteosarcoma proliferation, migration, and in-
vasion through regulating ZEB1. Molecular Cancer,
22(1): 113.

Johnson A, Dorshkind K 1986.Stromal cells in myeloid
and lymphoid long-term bone marrow cultures can sup-
port multiple hemopoietic lineages and modulate their
production of hemopoietic growth factors. Blood, 68:
1348- 1354.

Int J Hum Genet, 25(1): 8-17 (2025)

YUAN NIU, YIBIAO ZHOU, XIAOWEI YANG ET AL.

Kubota D, Mukaihara K, Yoshida A, Tsuda H, Kawai A,
Kondo T 2013. Proteomics study of open biopsy sam-
ples identifies peroxiredoxin 2 as a predictive biomarker
of response to induction chemotherapy in osteosarco-
ma. J Proteomics, 91: 393-404.

Lee RH, Kim B, Choi |, Kim H, Choi HS, Suh K, Bae YC,
Jung JS 2004. Characterization and expression analysis
of mesenchymal stem cells from human bone marrow
and adipose tissue. Cell Physiol Biochem, 14(4-6): 311-
324.

Lin S, Zhu B, Huang G Zeng Q, Wang C 2019. Microves-
icles derived from human bone marrow mesenchymal
stem cells promote U20S cell growth under hypoxia:
The role of PI3BK/AKT and HIF-1c.. Hum Cell, 32(1):
64-74.

Melzer C, Yang Y, Hass R 2016.Interaction of hBMSCs
with tumor cells. Cell Communication and Sgnaling:
CCS 14(1): 20.

Méndez-Ferrer S, Michurina TV, Ferraro F, Mazloom AR
et al. 2010. Mesenchymal and haematopoietic stem
cells form a unique bone marrow niche. Nature,
466(7308): 829-834.

Miaou V, Philip T, Kalifa C, Perol D, Gentet JC, Marec-
Berard P et al. 2005. Metastatic osteosarcoma at diag-
nosis: Prognostic factors and long-term outcome—the
French pediatric experience. Cancer, 104(5): 1100-
1109.

Miao J, Wu S, Peng Z, Tania M, Zhang C 2013. MicroR-
NAs in osteosarcoma: Diagnostic and therapeutic as-
pects. Tumour Biol, 34(4): 2093-2098.

Nawaz M, Fatima F, Valabhaneni KC, Penfornis B, Vaadi
H, Ekstrom K et al. 2016. Extracellular vesicles: Evolv-
ing factors in stem cell biology. Sem Cells Int, 2016:
1073140.

Ottaviani G, Jaffe N 2009. The epidemiology of osteosar-
coma. Cancer Treat Res, 152: 3- 13.

Pittenger MF, Mackay AM, Beck SC, Jaiswval RK, Douglas
R, Mosca JD, Prockop DJ 1997. Marrow stromal cells
as stem cells for nonhematopoietic tissues. Science, 276:
71-74.

Rider MA, Hurwitz SN, Meckes DG 2016. ExtraPEG: A
polyethylene glycol-based method for enrichment of
extracellular vesicles. Scientific Reports, 6: 23978.

Salem HK, Thiemermann C 2010. Mesenchymal stromal
cells: Current understanding and clinical status. Stem
Cells, 28: 585-596.

Shinagawa K, Kitada Y, Tanaka M, Sumida T, Kodama M
et al. 2010. Mesenchymal stem cells enhance growth
and metastasis of colon cancer. Int J Cancer, 127(10):
2323-2333.

Sun K, Lai EC 2013. Adult-specific functions of animal
microRNAs. Nat Rev Genet,14: 535-548.

Teng X, Chen L, Chen W, Yang J, Yang Z, Shen Z 2015.
Mesenchymal stem cell-derived exosomes improve the
microenvironment of infarcted myocardium contribut-
ing to angiogenesis and anti-inflammation. Cell Physiol
Biochem, 37(6): 2415-2424.

Théry C, Amigorena S, Raposo G Clayton A 2006. Isola
tion and characterization of exosomes from cell culture
supernatants and biologica fluids. Curr Protoc Cell Biol,
Chapter 3: Unit 3.22. DOI: 10.1002/0471143030.
cb0322s30

Tu B, Zhu J, Liu S 2016.Mesenchymal stem cells promote
osteosarcoma cell survival and drug resistance through
activation of STAT3. Oncotarget, 7(30): 48296-48308.



EXOSOMAL DELIVERY OF MIRNA-6087 CRUCIAL FOR PROMOTING THE GROWTH OF OSTEOSARCOMA 17

Vallabhaneni KC, Hassler M-Y, Abraham A 2016. Mesen-
chyma stem/stroma cells under stress increase osteosa
rcoma migration and apoptosis resistance via extracel-
lular vesicle mediated communication. PLoS ONE,
11(11): e0166027.

Yang L, Xie G Fan Q, Xie J 2010. Activation of the hedge-
hog-signaling pathway in human cancer and the clinica
implications. Oncogene, 29(4): 469-481.

Yoo JK, Kim J, Choi S 2012. Discovery and characteriza-
tion of novel MicroRNAs during endothelial differenti-

Int J Hum Genet, 25(1): 8-17 (2025)

ation of human embryonic stem cells. Sem Cells and
Development, 21(11): 2049-2057.

Yu B, Zhang X, Li X 2014. Exosomes derived from mesen-
chymal stem cells. Int J Mol Sci, 15(3): 4142-4157.
Zhao L, Yu Y, Deng C 2014. Protein and mRNA expres-
sion of Shh, Smo and Glil and inhibition by cyclopam-
ine in hepatocytes of rats with chronic fluorosis. Toxicol

Lett, 225: 318-324.

Paper received for publication in July, 2024
Paper accepted for publication in December, 2024



