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Abstract: Background: Osteosarcoma (OS), recognized as the predominant malignant tumor originating from bones,

necessitates an in-depth comprehension of its intrinsic mechanisms to pinpoint novel therapeutic targets and enhance

treatment methodologies. The role of fat mass and obesity-associated (FTO) in OS, particularly its correlation with

malignant traits, and the fundamental mechanism, remains to be elucidated. Materials and Methods: 1. The FTO

expression and survival rate in tumors were analyzed. 2. FTO in OS cell lines was quantified utilizing western blot

and PCR. 3. FTO was upregulated and downregulated separately in MG63. 4. The impact of FTO on the proliferation

and migration of OS cells was evaluated using CCK-8, colony formation, wound healing, and Transwell assays. 5. The

expression of miR-150-5p in OS cells-derived exosomes was identified. 6. The binding of miR-150-5p to FTO was

predicted by TargetScan and confirmed by luciferase reporter assay. 7. The impact of exosome miR-150-5p on the

proliferation and migration of OS cells was investigated. Results: The expression of FTO was higher in OS tissues

compared to normal tissues correlating with a worse survival rate. Furthermore, the downregulation of FTO

significantly impeded the growth and metastasis of OS cells. Additionally, miR-150-5p, which was downregulated in

both OS cells and their derived exosomes, was found to bind to the 3′-UTR of FTO through dual luciferase

experiments. Exosomal miR-150-5p was found to decrease the expression of FTO and inhibit cell viability.

Conclusions: We identified elevated levels of FTO in OS, which may be attributed to insufficient miR-150-5p levels in

both the cells and exosomes. It suggests that the dysregulation of miR-150-5p and its interaction with FTO could

potentially promote the development of OS.

Introduction

Osteosarcoma (OS) is a malignant bone neoplasm
predominantly impacting pediatric and adolescent
populations [1,2]. While the amalgamation of surgical
intervention and neoadjuvant chemotherapy has enhanced the
five-year survival prognosis for newly diagnosed patients,
considerable disparity in chemotherapeutic drug sensitivity
continues to pose a substantial hindrance [3]. This
impediment is markedly accentuated in patients manifesting
metastasis or disease recurrence [4]. Consequently, the

exploration of innovative targets from a mechanistic
viewpoint becomes vital to comprehend the fundamental
etiologies of metastasis and drug resistance.

The epitranscriptome, characterized by over 140
chemical modifications and reversible RNA transformations,
plays a significant role in determining the fate of RNA [5,6].
The single nucleotide polymorphism (SNP) of FTO (fat
mass- and obesity-associated protein) is intricately linked to
obesity [7]. Despite the fact that FTO’s function as a
demethylation enzyme was not clarified until 2010, its
contribution to carcinogenesis has been progressively
investigated in recent years [8–10]. FTO is pivotal in the
transcription and translation of nucleic acids, upholding the
stability of oncogene mRNA. It further stimulates metabolic
reprogramming and immune evasion in neoplastic cells [11–
13]. Inhibition of FTO obstructs cell propagation and
migration in acute myeloid leukemia [14], glioma [15], and
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breast cancer [16]. Conversely, FTO serves as a tumor
suppressor in ovarian cancer [17]. Nonetheless, the role of
FTO, potentially linked to a malignant phenotype, and the
underlying mechanism remains to be fully elucidated.

The anti-tumor agent, miR-150-5p, has been observed to
exhibit diminished expression across a spectrum of tumor
types [18,19]. Its specific influence on OS progression and
cisplatin sensitivity, however, remains unexplored. Prior
research has indicated that exosomes can alter tumor
sensitivity to chemotherapeutic agents through the
conveyance of microRNAs, a process which mitigates side
effects and augments microRNA concentration within
recipient cells [20–22]. Despite these findings, the impact of
exosome-mediated microRNA delivery on the malignancy
attributes of tumors necessitates additional scrutiny.

This study investigates the impact of FTO on the
proliferation and metastasis of OS. Identified as the target
gene of miR-150-5p, FTO’s influence is significant.
Furthermore, exosomal-miR-150-5p has the potential to
suppress cell proliferation and migration within OS.

Materials and Methods

Bioinformatic analysis
The expression patterns of FTO and miR-150-5p were
scrutinized utilizing the GEPIA and ENCORI databases.
Concurrently, the survival rate was also analysed.

OS tissue microarray FTO detection
The expression of FTO in OS was ascertained using tissue
microarrays procured from Bioaitech (L714901, Xi’an,
China). Subsequently, a standard Immunohistochemistry
(IHC) analysis was conducted on the FTO present in these
OS microarrays.

Cell culture
The osteoblast cell line hFOB1.19, along with Human OS lines
MG-63, HOS, U-2OS, and SAOS-2, were obtained from
Procell (Wuhan, China). STR identification of cell lines used
in this study can be viewed in the website of Procell (https://
www.procell.com.cn). MG-63, HOS, and hFOB1.19 cell lines
were propagated in a nutrient-rich medium supplemented
with high glucose-DMEM. In contrast, the U-2OS and
SAOS-2 cell lines were cultivated in Minimum Essential
Medium (MEM) fortified with a 10% concentration of Fetal
Bovine Serum (FBS) (Gibco; Thermo Fisher Scientific, Inc.,
NY, USA). The cells underwent cultivation within a
humidified environment, maintained at a constant
temperature of 37°C, under a 5% concentration of CO2.

Lentivirus
The lentivirus overexpressing FTO was engineered by GENE
(Shanghai, China). The lentiviruses encapsulating FTO
shRNA, encompassing the target sequences sh1: 5′-
TCACCAAGGAGACTGCTATTT-3′ and sh2: 5′-
CTAGGGTTTTGCTTCCAGAATT-3′, in addition to the
negative control (shNC), were procured from HANBIO
(Shanghai, China).

RNA extraction and quantitative real-time PCR analysis
The Total RNA was isolated utilizing the TRIzol reagent
(Invitrogen, NY, USA), in accordance with the
manufacturer’s guidelines. This was followed by the
synthesis of cDNA, executed using the PrimeScript RT
Reagent Kit (Takara, Dalian, China). The qRT-PCR analysis
was conducted utilizing the Roche LightCycler96 system
(Roche, Basel, Switzerland) in combination with the SYBR
Green SuperMix. To maintain precision in the results,
β-actin and U6 were judiciously chosen as internal standard
references. The quantification of relative gene expression
was ascertained utilizing the 2−DDCt method. The primer
sequences can be found in Table 1.

Western blot
The cells underwent lysis via the application of RIPA buffer
(Beyotime Biotech, Shanghai, China). Subsequently, protein
quantification ensued, utilizing a BCA assay Kit (Pierce,
Thermo Fisher Scientific, Inc., NY, USA). The lysates
subsequently underwent a 10% SDS-PAGE procedure,
followed by a transfer onto polyvinylidene fluoride (PVDF)
membranes (Millipore, Merck, Darmstadt, Germany).
Subsequently, the membranes were treated with 5% non-fat
milk to block non-specific binding sites, and then incubated
at a temperature of 4°C overnight with the primary
antibody. Subsequently, a secondary antibody was
introduced and allowed to incubate at ambient temperature
for a duration of one hour. Dilution ratio: primary antibody
1:1000, secondary antibody 1:5000. anti-FTO antibody
(Abcam#ab126605), anti-GAPDH antibody (Cell signaling
Technology #5174), anti-CD9 antibody (Proteintech#20597-
1-AP), anti-CD63 antibody (Proteintech# 25682-1-AP),
anti-TSG101 antibody (Proteintech# 28283-1-AP), HRP-
goat-anti-rabbit IgG (Proteintech#SA00001-2). Visualization
of protein bands was achieved through the application of
enhanced chemiluminescence (ECL, Pierce, Thermo Fisher
Scientific, Inc., NY, USA).

Cell viability assay
A total of 2 × 103 cells were cultured in each well of a 96-well
plate. Upon assessment, a tenth of the volume of CCK-8
reagent (Dojindo, Japan) was integrated into every well.

TABLE 1

The primers used in qRT-PCR

Gene Primer Sequence

FTO Forward 5′-AGACACCTGGTTTGGCGATA-3′

Reverse 5′-CCAAGGTTCCTGTTGAGCAC-3′

β-actin Forward 5′-GGCGGCACCACCATGTACCCT-3′

Reverse 5′-AGGGGCCGGACTCGTCATACT-3′

miR-150-5p Forward 5′-ACTGTCTCCCAACCCTTGTA-3′

Reverse 5′-GTGCAGGGTCCGAGGT-3′

U6 Forward 5′-CTCGCTTCGGCAGCACA-3′

Reverse 5′-AACGCTTCACGAATTTGCGT-3′
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Following a two-hour incubation period, the absorbance was
quantified at 490 nm. As a result, a growth curve based on
“absorbance-time” was generated.

A single-cell suspension comprising 400 cells was seeded
into six-well plates. These cells were subsequently cultured
under standard conditions for a duration spanning 10 to 14
days, with the culture medium being refreshed tri-weekly.
Upon the establishment of over 50 cellular clones, the cells
underwent a gentle wash with Phosphate-Buffered Saline
(PBS), followed by fixation with 4% paraformaldehyde at
ambient temperature for a 20-min period. The cells were
then subjected to staining using a 0.1% crystal violet
solution, a process that lasted between 5 to 10 min, and
were subsequently rinsed with water. The clone formation
was subsequently observed, documented through
photography, and quantified.

Wound healing assay
Upon attaining a cell density of 70%–80% within the six-well
plate, a 200 μL pipette tip was employed to inflict controlled
wounds. Following this, any detached cells were
meticulously removed via a sterile Phosphate-Buffered
Saline (PBS) rinse. The cells were subsequently cultivated in
a serum-deprived medium for a period of 48 h. Utilizing a
microscope, images of the inflicted wound were captured at
the initial time point (0 h) and after the 48-h incubation
period. The residual wound area was quantified in
comparison to its original size at the 0-h mark.

Transwell assay
In the upper compartment of the Transwell chamber
(Corning, USA), 5000 cells were introduced in a volume of
200 μL of serum-free medium. The lower compartment was
supplemented with 600 μL of medium, serving as a cellular
stimulant. Following a 24-h incubation period, the cells
residing in the upper compartment were delicately removed
using a cotton swab. The cells that had successfully migrated
through the membrane were stabilized with
paraformaldehyde, followed by a thorough rinse with water.
For visualization purposes, the cells were stained using a
0.1% crystal violet solution. Finally, the cells were examined,
imaged, and quantified in four arbitrarily selected visual
fields under a microscope.

Exosome extraction and detection
The cell supernatant underwent a sequential centrifugation
process, initially at 200–300 g for a 10-min duration,
followed by an increased speed of 3000 g for another
10 min, and finally culminating at 10,000 g for 30 min. This
procedure facilitated the concentration of exosomes within a
100 kD ultrafiltration apparatus.

Subsequently, the sample was deposited onto a copper
mesh integrated with a membrane. The suspension’s
concentration was meticulously adjusted, followed by the
addition of a phosphotungstic acid-based staining solution
for a period of 3–5 min. Any surplus dye was absorbed
using a filter paper, and the sample was then desiccated
prior to examination under a transmission electron
microscope. The Nanoparticle Tracking Analysis (NTA) was
conducted by Dlmbiotech (Wuhan, China).

Statistical analysis
The data are represented as the mean ± standard deviation. To
compare the data across different groups, we employed the
Student’s t-test. A p-value of less than 0.05 was deemed to
indicate statistical significance. GraphPad Prism 8 was
utilized for chart creation, while ImageJ V1.8.0 was used for
the analysis of Western blot results.

Results

The overexpression of FTO is correlated with unfavorable
prognostic outcomes in multiple neoplasms, inclusive of OS
This study primarily concentrates on exploring the expression
and functionality of FTO within tumor contexts. Initially, we
conducted an analysis of FTO’s expression across various
cancers utilizing the GEPIA database. It was observed that
the GEPIA database contains a limited number of OS
samples, providing data predominantly for sarcomas. Given
the scarcity of research concerning FTO’s involvement in
OS, our subsequent investigation focused on elucidating the
role of FTO in this specific type of cancer.

As GEPIA and TCGA database indicates, FTO is
upregulated in various tumors, including sarcoma (SARC)
(Fig. 1a,d). Higher FTO levels correlates with poor survival
rates (Fig. 1b,c). Further, PCR, Western blot and IHC
analyses demonstrate a significant elevation in FTO
expression in OS cells and human OS tissues (Fig. 1e–g).
This compelling evidence strongly supports the crucial role
of FTO in the pathogenesis of OS.

FTO is a crucial factor in the proliferation of OS
Lentivirus was used to establish MG-63 cells with stable FTO
overexpression or knockdown, as shown in Fig. 2a. The CCK-
8 assay demonstrated that FTO overexpression augmented
cell viability, whereas FTO knockdown elicited a contrary
effect, as depicted in Fig. 2b. The colony formation assay
further confirmed the proliferative role of FTO within cells,
as demonstrated in Fig. 2c.

FTO is essential for the migration of OS
The wound healing assay results, as depicted in Fig. A1a,
underscore the pivotal role of FTO in augmenting cell
migration. In contrast, as Fig. A1b illustrates, FTO
inhibition significantly impairs the migratory capabilities of
cells. By the way, it is important to mention that the cells
showed limited motility in the context of wound healing.
Furthermore, the Transwell assay findings, represented in
Fig. 3a, indicate that FTO overexpression precipitates a
marked surge in cell invasion. Conversely, FTO knockdown
culminates in a significant curtailment of cell invasion, as
evidenced in Fig. 3b. These observations underscore the
integral role of FTO in modulating cell migration and
invasion.

MiR-150-5p is down-regulated in OS cells derived exosomes
derived from OS cells
Exosomes from the supernatant of U-2OS cells, characterized
by high cisplatin sensitivity (IC50 = 2.9 μg/mL), and
HOS cells, known for their low cisplatin sensitivity (IC50 =
11.37 μg/mL), were isolated (Fig. 4a–d). A comprehensive
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analysis incorporating the TargetScan database and the
evaluation of differentially expressed miRNAs in the
exosomes of these two cell strains revealed a notable
disparity in the concentration of miR-150-5p. This

microRNA, a potential upstream regulator of FTO,
exhibited different levels in the exosomes derived from the
supernatant of the two cell cultures (Fig. 4e). Moreover, the
concentration of miR-150-5p in OS cells was significantly

FIGURE 1. Expression of FTO in various tumors in GEPIA database and its relationship with prognosis. (a) Expression of FTO in DLBC,
ESCA,PAAD, STAD, THYM, and SARC in GEPIAdatabase. (b, c) Expression of FTO and analysis of survival in patients of tumor patients by
GEPIA database. (d) Expression of FTO in SARC by TCGA database. (e) mRNA levels of FTO in OS cells and osteoblasts detected by PCR.
(f) Protein levels of FTO in OS cells and osteoblasts analysed by western blot. (g) FTOwere detected by IHC in OS tissue chip. **p < 0.01, scale
bar = 100 μm.
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diminished compared to that in osteoblasts (Fig. 4f). This
observation suggests a potential role of miR-150-5p
downregulation in OS pathogenesis. In alignment with this,

the ENCORI database analysis indicated that sarcoma
patients expressing high levels of miR-150-5p demonstrated
improved survival rates (Fig. 4g).

FIGURE 2. Effect of FTO on the proliferation of OS cells. (a) Stable overexpression/knockdown FTO identification confirmed by western blot.
(b) CCK-8 assay was used to detect the effect of FTO overexpression/knockdown on cell viability. (c) Colony formation assay of FTO regulated
MG-63. *p < 0.05, **p < 0.01, ***p < 0.005.
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MiR-150-5p targets FTO
The binding site of miR-150-5p within the 3′ untranslated
region (UTR) of FTO has been accurately predicted by
TargetScan, as depicted in Fig. 5a. This prediction was
subsequently corroborated through a luciferase reporter
gene assay. This assay revealed the interaction between miR-
150-5p and the wild-type (WT) FTO 3′UTR, while no such
interaction was discernible with the mutated (MT) FTO,
which possesses modified binding sites, as illustrated in
Fig. 5b. Furthermore, when MG-63 cells were co-cultured
with miR-150-5p and U-2OS supernatant exosomes, a
significant reduction in FTO levels was observed, as
demonstrated in Fig. 5c.

The role of the miR-150-5p/FTO axis in influencing the
cisplatin sensitivity of OS cells was investigated using a CCK-8
assay on MG-63 cells. These cells were subjected to
overexpression of miR-150-5p, co-incubation with
exosomes, or FTO modulation. The findings indicated that
both miR-150-5p overexpression and FTO interference
enhanced the cisplatin sensitivity of the OS cells (Figs. 5d,e).
Additionally, the cisplatin sensitivity of OS cells was found
to be augmented by exosomes from U-2OS supernatant,
albeit to a lesser extent than miR-150-5p overexpression
(Fig. 5d). This suggests the potential involvement of other
molecular entities within exosomes in modulating cisplatin
sensitivity. Conversely, FTO overexpression was observed to
enhance the cisplatin tolerance of OS cells (Fig. 5e).

Exosomes loaded with miR-150-5p can reduce the cancer-
promoting function of FTO
Exosomal miR-150-5p (Evs) has been observed to attenuate
the proliferative impact instigated by the overexpression
of FTO in OS cells (Fig. 6a,b). Furthermore, the cellular
migration of OS cells, characterized by FTO overexpression,
was notably reduced following a 48-h co-incubation period
with exosomes enriched with miR-150-5p (Figs. 6c and A1c).

Discussion

Since its identification as the inaugural mRNA demethylation
enzyme of m6A in 2010, the significance of m6A in
metabolism, biological processes, and pathogenesis has
progressively attracted scholarly interest. In a preponderance
of cancer variants, FTO exhibits high expression, thereby
fostering cancer progression. Conversely, in certain specific
tumor categories, it functions as a tumor suppressor.
Nevertheless, it is crucial to acknowledge that there is no
consensus regarding the expression pattern and pathological
role of FTO in some tumor types. This incongruity could be
ascribed to elements such as the pronounced heterogeneity
of cancer specimens, the classification of sample sizes, and
the diversity in detection methodologies.

Significantly, FTO continues to foster the progression of
lung cancer [23], bladder cancer [24], and thyroid cancer [25],
despite its down-regulation at the RNA level. Posttranslational
modifications, including the elevation of FTO protein levels in
bladder cancer via USP18 deubiquitination [24], may also
serve a pivotal function in the pathophysiological processes
mediated by FTO. For the effective direction of therapeutic
interventions, a thorough comprehension of the FTO’s role
in various cancer types or subtypes is paramount.
Predominantly, FTO operates as an m6A demethylase in
most research, modulating the expression of its target
molecules post-transcriptionally. Nevertheless, the processes
through which m6A dictates RNA destiny remain
predominantly elusive, notwithstanding prior assertions that
m6A mRNA exhibits greater stability compared to other
mRNAs [26].

AML cells that exhibit elevated FTO expression are
dependent on FTO-mediated m6A demethylation for the
degradation of tumor suppressor gene transcripts. This
mechanism enhances the stability of oncogenes, notably
MYC, and metabolic regulatory genes, including PFKP and

FIGURE 3. Effect of FTO on the migration of OS cells. (a, b) Transwell assay was used to detect the effect of FTO overexpression (a)/
knockdown (b) on cell invasion ability. **p < 0.01, scale bar = 400 μm.
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LDHB. Consequently, this process facilitates the proliferation
and differentiation of these cells [27,28]. At present, there is
no unified understanding regarding the expression and
function of FTO in Non-Small Cell Lung Cancer (NSCLC).
Certain research suggests that Lung Squamous Cell
Carcinoma (LUSC) patients with elevated FTO expression
exhibit a lower survival rate, a trend not observed in Lung
Adenocarcinoma (LUAD) patients [29]. Conversely, other
studies argue that FTO expression does not impact LUSC
patient survival, but rather enhances the survival rate of
LUAD patients with high FTO expression [23]. Moreover,

FTO has been shown to stimulate the proliferation of
various NSCLC cell lines from both subtypes. The
suppression of FTO hinders the proliferation and migration
of numerous LUSC cell lines, while the overexpression of
FTO, as opposed to the catalysis of inactive FTO mutants,
induces contrasting phenotypes.

Mechanically, FTO has been demonstrated to stabilize
the mRNA of myeloid zinc finger 1 (MZF1) through
demethylation. This action has been shown to induce MYC
transcription, thereby promoting the occurrence of LUAD
[30]. Upon the suppression of FTO, the mRNA of

FIGURE 4. miR-150-5p is down-regulated in exosomes derived from OS cells. (a) IC50 of DDP of different OS cells was detected by CCK8.
(b) TEM of HOS, U-2OS supernatant exosome. (c) HOS, U-2OS supernatant exosome NTA detection. (d) Western blot detection of exosome
markers in HOS and U-2OS supernatant. (e) Real-time PCR detection of miR-150-5p in exosomes of HOS and U-2OS supernatant. (f) Real-
time PCR analysis of miR-150-5p levels in human osteoblasts hFOB1.19 and OS cells (MG-63, Saos-2, HOS, U-2OS). (g) Analysis of miR-150-
5p levels and survival in patients with sarcoma in ENCORI database. ***p < 0.005, scale bar = 100 nm.
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Ubiquitin-Specific Peptidase 7 (USP7) experiences
hypermethylation, which subsequently results in a decrease
in its transcription level [31]. Although the overexpression
of USP7 can rectify the growth anomalies induced by FTO
suppression, the underlying molecular mechanism remains
elusive. In Luminal A and triple-negative breast cancer cell
lines, FTO suppression fosters apoptosis and impedes cell
migration, both in vitro and in vivo [32]. Beyond its
function in modulating cancer cell proliferation, metastasis,
and CSC self-renewal, FTO also plays a pivotal role in the
regulation of the tumor microenvironment (TME) and

tumor metabolism. It has been found to be associated with
glycolysis and glutamine uptake [28,33].

Given the complex nature of tumor immune evasion and
the diversity of both the host and the tumor, monotherapy
often falls short in completely eliminating tumors. As such,
combination therapy emerges as a more advantageous
strategy. For example, the application of IDH inhibitors and
FTO inhibitors has demonstrated efficacy in treating
patients with IDH mutant cancers. In situations where FTO
is significantly overexpressed in AML patients with FLT3-
ITD, a therapeutic approach combining FTO inhibitors and

FIGURE 5. FTO is the target gene of miR-150-5p. (a) TargetScan predicts the binding site of miR-150-5p to FTO. (b) luciferase reporter assay
of miR-150-5p and FTO. (c) The protein levels of FTO within MG-63 cells are detected by western blot after miR-150-5p overexpression, in
conjunction with the co-incubation of U-2OS supernatant-derived exosomes. (d) Effects of overexpression of miR-150-5p or co-incubation
with exosomes of U-2OS supernatant on sensitivity to cisplatin of MG-63 cells. (e) Effects of overexpression or knockdown of FTO on
sensitivity to cisplatin of MG-63 cells. *p < 0.05, **p < 0.01.
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FLT3 inhibitors can be implemented. Moreover, the
introduction of demethylating agents, such as 5-Aza and
decitabine (typically employed as primary treatments in
elderly AML patients), markedly amplifies FTO signaling in
AML cells [11]. Studies have substantiated that the
induction of apoptosis in neoplastic cells can be achieved
through the use of FTO inhibitors. The escalation in
neoplastic cell apoptosis, facilitated by the suppression of
FTO via pharmacological intervention, could potentially
unveil tumor neoantigens. This process may subsequently
stimulate immunogenic cell death and enhance the tumor’s
sensitivity to immunotherapy. Furthermore, the strategic

targeting of FTO has the potential to attenuate the
expression of immune checkpoint genes, such as PD-L1 and
LILRB4, within neoplastic cells [11,34]. The cooperative
effect of the FTO inhibitor Dac51 and the anti-PD-L1
blocker in vivo has laid a theoretical groundwork for this
combined therapeutic approach [33].

Consistent with the previous study by Tsuruta et al. [34]
and Lv et al. [35], our investigation further corroborates the
role of FTO in augmenting the proliferation and migration
of OS cells. Conversely, the suppression of FTO results in
an inverse effect. Preliminary studies have suggested that
FTO may escalate the progression of OS via KLF3 and

FIGURE 6. Effects of exosome miR-150-5p on proliferation and migration of OS cells overexpressing FTO. (a) CCK-8 assay. (b) Colony
formation. (c) Transwell assay. *p < 0.05, ***p < 0.005, scale bar = 400 μm.
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DACT1 pathways. Nevertheless, the causative factors behind
the heightened presence of FTO in OS remain elusive, thus
necessitating our exploration.

Research has substantiated that the suppression of miR-
21 impedes the advancement of OS (OS), underscoring its
potential as a therapeutic target and its prospective utility as
an OS biomarker [36]. He et al. have disclosed the
participation of the miR-34 cluster in the genesis of OS [37].
Sun et al. have clarified the correlation between miR-143
and FOSL2, a pivotal regulatory element in bone
development, within the context of OS. They noted a
diminished expression of miR-143 in OS tissue relative to
normal bone tissue, and established that miR-143 curbs the
proliferation, migration, and invasion of OS by curtailing
FOSL2 expression [38]. Jones et al. ascertained that the
expression of miRNA mirrors the pathogenesis and
malignancy in patients afflicted with OS [39]. Contemporary
studies have unveiled a down-regulation of miR-16 and
miR-665 in OS cell lines (MG63, U2OS) and OS specimens
[40], signifying their capacity to restrain tumor cell
progression and invasion via the modulation of RAB23
[41,42]. Signifying their capacity to restrain tumor cell
progression and invasion via the modulation of RAB23.

Exosomes derived from tumors are microvesicles,
characterized by their cup-like morphology and dimensions
ranging between 30 to 100 nm [43–45]. These vesicles
primarily encapsulate a diverse array of genetic messengers,
encompassing DNA, mRNA, miRNA, cytoplasmic proteins,
and lipids [46–48]. Studies have indicated that these
exosomes can alter tumor susceptibility to chemotherapeutic
agents via the microRNAs they transport. Moreover, the
conveyance of microRNAs through exosomes can mitigate
the adverse effects linked with direct administration, thereby
enhancing microRNA levels in recipient cells.

A study conducted by Jerez et al. involved a genetic
examination of the predicted targets of miRNAs in
extracellular vesicles derived from OS. The findings
suggested that miRNAs originating from OS cell lines could
potentially modulate the metastatic capability of tumor cells
by suppressing gene networks associated with apoptosis and
cell adhesion [49]. Nevertheless, a comprehensive
exploration of the influence of exosome-encapsulated
microRNAs on tumor-associated malignant phenotypes
remains to be conducted.

While the regulatory mechanisms governing miRNA
encapsulation during oncogenic progression exhibit
significant variability, this investigation demonstrates a
decrease in miR-150-5p expression within both extracellular
vesicles (EVs) and neoplastic tissues. This underscores the
potential value of miR-150-5p as a predictive biomarker for
patient responsiveness to cisplatin. Existing research
substantiates the critical role of miR-150-5p in facilitating
the progression of diverse malignancies, with particular
emphasis on lung cancer. Hypoxic conditions precipitate an
elevation in miR-150-5p concentrations within EVs,
concurrent with a reduction in CD226 expression within
natural killer (NK) cells. NK cells excrete S100A8 and other
immunosuppressive agents, thereby catalyzing metastasis
and the genesis of pulmonary tumor nodules. Conversely,
the downregulation of miR-150-5p instigates a decrease in

oncogenic development and a resurgence of CD226
expression, thereby presenting a potential therapeutic
strategy [50]. In colorectal carcinoma, the activation of Wnt
signaling stimulates miR-150-5p, which subsequently targets
CREB. This interaction results in the downregulation of
E-cadherin and ZO-1, thereby fostering epithelial-
mesenchymal transition (EMT) and augmenting cellular
invasion and migration. Furthermore, miR-150-5p has been
demonstrated to play a significant role in the metastatic
progression of non-small cell lung cancer by targeting
FOXO4. The overexpression of miR-150-5p amplifies
migration and EMT [51].

Patients diagnosed with colorectal cancer exhibit
diminished levels of exosome miR-150-5p in comparison to
their healthy counterparts, indicating the potential of miR-
150-5p to serve as a biomarker for colorectal cancer
detection [52]. Contrarily, another colorectal cancer research
revealed that the suppression of miR-150-5p resulted in
augmented cell viability and an upsurge in β-catenin
expression within SW480 and HT-29 cells, thereby fostering
colony formation. This evidence implies that miR-150-5p
might function as a tumor suppressor in colorectal cancer
[53]. MicroRNAs (miRNAs) have been established as
potential biomarkers. In this study, we have successfully
validated the practicability of identifying tissue-expressed
miRNAs, not in plasma, but in extracellular vesicles, thus
presenting the possibility of obviating the necessity for
invasive biopsies. The significance of extracellular vesicle
miRNAs (EV-miRNAs) in other types of cancer has also
been substantiated. A key limitation of this study is the
incomplete understanding of the mechanisms driving
miRNA expression changes in exosomes and the
downstream pathways modulated by FTO as a demethylase.
Further research is needed to unravel the specific triggers
and regulatory networks influencing exosomal miRNA
expression, as well as to identify and characterize the
downstream targets and signaling cascades of FTO.
Addressing these limitations could advance our knowledge
and lead to the development of novel diagnostic markers
and therapeutic strategies.

In this research, we focused on microRNA-miR-150-5p
present in the exosomes derived from the supernatant of OS
cells exhibiting diverse cisplatin sensitivity. Through the
analysis of biological informatics data, we discerned a
substantial disparity in the concentration of miR-150-5p
between normal osteoblasts and OS cells. Additionally, we
verified that FTO is a direct target of miR-150-5p. The
primary objective of our study was to explore the influence
of exosomal miR-150-5p on the proliferation and migration
of OS cells.

Conclusions

The overexpression of FTO, a crucial player in the
proliferation and migration of OS cells, has been linked to
unfavorable prognoses in a variety of tumors, including OS.
Conversely, exosomal-miR-150-5p serves as a mitigating
factor in OS progression, exerting its effect by specifically
targeting FTO.
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Appendix A

FIGURE A1. Wound healing assay of MG-63 after FTO overexpression (a)/knockdown (b) FTO, and exosome miR-150-5p treated (c).
*p < 0.05; **p < 0.01.
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