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progression via DDXS downregulation
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Abstract. Exosomes can be used to mediate the delivery of
nucleic acids such as microRNA-125b-5p (miR-125b-5p),
a tumor-suppressor in certain types of cancer, into tumor
cells. The present study investigated the use of bone mesen-
chymal stem cells-derived exosome (BMSCs-Exo) delivery of
miR-125b-5p in ovarian cancer (OC). BMSCs were transfected
with miR-125b-5p mimic, from which exosomes termed
Exo-miR-125b-5p mimic were extracted. The expression levels
of miR-125b-5p in OC tissue samples, BMSCs, exosomes and
SKOV3 cells were quantified using reverse transcription-quan-
titative PCR. The influence of Exo-miR-125b-5p mimic on
the biological functions of OC was evaluated through cell
proliferation, invasion, migration and apoptosis assays. The
targeting relationship between miR-125b-5p and DEAD-box
helicase 5 (DDX5) was verified, and the expression levels
of DDXS5 in OC samples and SKOV3 cells were quantified
using western blotting. miR-125b-5p was downregulated in
tumor tissue samples from patients with OC. BMSCs-Exo
reduced the malignant properties of SKOV3 cells in vitro, and
these effects were be advanced by miR-125b-5p upregula-
tion. miR-125b-5p targeted and inhibited DDXS5 expression.
DDX5 overexpression inhibited Exo-miR-125b-5p-induced
suppression of OC development. Overall, this study highlights
that BMSCs-Exo-encapsulated miR-125b-5p inhibited OC
progression via DDX5 downregulation, providing insight into
the molecular mechanisms underlying OC.
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Introduction

Ovarian cancer (OC) was the eighth most commonly diag-
nosed malignancy in the Global Cancer Statistics 2020 (1),
with an estimated age-standardized incidence rate of 6.6%.
OC can be classified into three main types: i) Epithelial OC
(EOQ); ii) sex cord stromal OC; and iii) germ cell OC, the
latter two accounting for ~5% of all OC cases (2). The main
symptoms of OC are persistent abdominal pain, abdominal
distension or bloating, urinary system symptoms, frequent
urination and non-specific gastrointestinal symptoms (3).
After primary debulking surgery, intravenous or intraperito-
neal chemotherapy is preferentially administrated to eliminate
cancer cells and maintenance drugs, such as olaparib and
bevacizumab, are used to slow recurrence (4). The identifica-
tion of complete molecular mechanisms underlying OC is
required to more efficiently prevent and treat OC.

Mesenchymal stem cells (MSCs) are pluripotent stromal
cells with multiple differentiation capabilities, and bone
marrow is a typical source of MSCs (5). In addition to MSCs,
their nanoghosts (nanovesicles reconstructed from the cyto-
plasmic membranes of MSCs) also have promising therapeutic
effects on certain types of cancer, including gastrointestinal,
lung and ovarian cancer (6). MSCs may secret large amounts
of exosomes (Exos) for cell-to-cell communication and keep
a dynamic and homeostatic microenvironment for tissue
repair. The use of MSCs-derived exosomes (MSCs-Exo)
may have notable advantages over their living cells and may
reduce adverse side effects (7). MSCs-Exo possess numerous
advantages, consisting of non-immunogenicity, easy acces-
sibility for isolation and preparation, convenient storage at
low temperature, non-infusion toxicity and freedom from
tumorigenic potential and ethical issues (8). MSCs-Exo have
pluripotent functions through delivery of targeted microRNAs
(miRs/miRNAs) in certain types of human cancer (for example
ovarian, breast and prostate cancer), including increasing
drug sensitivity (9), promoting dormancy (10) and restraining
tumorigenesis (11).

Recognition of miRNA signatures has identified
miR-125b-5p as a biomarker of endometrial cancer (12).
In fact, miR-125b-5p downregulation is indicative of poor
prognosis in EOC (13) whereas miR-125b-5p upregulation
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inhibits tumor growth in combination with cisplatin in a
mouse model with OC (14). DEAD-box helicase 5 (DDX5) is
an active RNA helicase that is involved in cancer progression
when it is upregulated by altering transcription and signaling
pathways (for example, the Wnt/p-catenin-ferroptosis axis and
the mTOR signaling pathway) (15-17). Expression levels of
DDXS5 are associated with platinum resistance in OC (18), but
regulation of DDX5 can mediate the malignant phenotype of
tumor cells (17,19). In the present study, a targeting relation-
ship between miR-125b-5p and DDXS5 was hypothesized using
bioinformatical analysis via the online ENCORI database,
therefore, the aim of the study was to investigate whether
BMSCs-Exo delivery of miR-125b-5p could impede the
progression of OC through modulation of DDX5 expression
levels.

Materials and methods

Ethical approval. Experiments were performed following
approval from the Ethics Committee of Harbin Medical
University Cancer Hospital (approval no. 20200316; Harbin,
China), and written informed consent from each patient was
obtained. Bone MSCs (BMSCs) were used in accordance with
the International Society for Stem Cells Research guidelines
for Stem Cell Research and Clinical Translation and approved
by the Ethics Committee of Harbin Medical University Cancer
Hospital (approval no. 20200518).

Clinical subjects. The present study included 100 patients
with ovarian cancer who underwent surgical treatment in the
Department of Gynecology of Harbin Medical University
Cancer Hospital (Heilongjiang, China) from May 2020 to
January 2023, and these patients were aged 39-67 years,
with an average age of 55.31+7.64 years. Inclusion criteria:
1) Patients were diagnosed with ovarian cancer through patho-
logical diagnosis; ii) no chemotherapy, radiotherapy or other
treatments were performed before surgery; iii) the patients'
ages were =18 years old; and iv) patients had complete medical
records. Exclusion criteria: i) Patients had with other malig-
nant tumors; and ii) patients with an expected survival period
of no more than 3 months. Ovarian cancer tissue and normal
tissue adjacent to the cancer (distance >3 cm from the cancer
tissue) were collected, and biological biopsy was performed on
the normal tissue adjacent to the cancer to confirm the absence
of cancer cells. The tissue samples (~1 mm?®) were first rapidly
frozen in liquid nitrogen for 30-60 sec, then stored in a -80°C
freezer for later use. All samples were diagnosed with ovarian
cancer by pathologists who did not participate in this study.
Bone marrow specimens were also collected from
3 patients (2 males and 1 female) who received inpatient treat-
ment in the Harbin Medical University Cancer Hospital for
femoral head necrosis during May 2020 to January 2023, aged
20-55 years old. Inclusion criteria for patients: Aged >18 years
old; without high femoral head drop or trauma; no cardio-
vascular disease or malignant tumors; and all underwent hip
arthroplasty. Exclusion criteria for patients: Presence of hema-
tological diseases; severe liver or kidney dysfunction; history
of smoking; and a history of alcohol consumption. During
surgery, after the femoral head was excised and the femoral
medullary cavity was reamed, fresh bone marrow (5-7 ml) was

collected and placed into a 10 ml sterile syringe preloaded with
sodium heparin. Subsequently, the bone marrow sample was
transferred to a 15 ml sterile centrifuge tube and immediately
used for BMSCs isolation.

Cell culture. DMEM (Sigma-Aldrich; Merck KGaA)
containing 10% FBS (Biological Industries; Sartorius AG),
100 U/ml penicillin and 100 mg/ml streptomycin (Gibco;
Thermo Fisher Scientific, Inc.) was used to culture the OC cell
line SKOV3 (American Type Culture Collection), and incu-
bated in a 95% humidified atmosphere at 37°C with 5% CO,.
The medium was replaced once every 2 days (20).

Separation and identification of BMSCs. BMSCs were isolated
from bone marrow samples as previously reported (21). In
brief, BMSCs were isolated by a density gradient centrifuga-
tion, followed by suspension in a-MEM supplemented with
20% FBS, 1% L-glutamine (Invitrogen (21); Thermo Fisher
Scientific, Inc.) and 1% penicillin/streptomycin. The cells
were then plated at a density of 1x10° cells/cm?. The culture
medium was replaced after 4 days, with the non-adherent cells
removed by PBS washing and the adherent cells were then
cultured to reach 70-80% confluence. After that, the cells were
sub-cultured in low-glucose DMEM (DMEM-LG) with the
aforementioned supplements. BMSCs at passages 3 or 4 were
chosen for subsequent studies.

Following this, adipogenesis was induced for 21 days in
cultures by addition of DMEM-LG containing hydrocorti-
sone (0.5 yuM), 10% FBS, oboutyl methyl xanthine (0.5 M),
insulin (10 xg/ml) and indomethacin (60 xM). The medium
was replaced 3 times a week. Lipid droplet formation was
induced for 21 days in cultures and detected using Oil Red
Osteogenic (Oil Red O; Sigma-Aldrich; Merck KGaA),
followed by 1 h Oil Red O staining at room temperature.
Through the addition of DMEM-LG containing 10% FBS,
ascorbic acid (2.0x10"* mol/1), dexamethasone (1.0x10°® mol/l),
B-glycero-phosphate (7x10* mol/l), B-glycero-phosphate
(10 umol/l), dexamethasone (0.1 gmol/l) and ascorbate
(50 umol/1). The cell cultures were stained with Alizarin Red
S (Sigma-Aldrich; Merck KGaA) for 5 min at room tempera-
ture to assess mineralization.

BMSCs were subjected to dissociation using trypsin/EDTA
(Thermo Fisher Scientific, Inc.), cells were blocked with 3%
BSA (Gibco; Thermo Fisher Scientific, Inc.) for 30 min at
room temperature and the cell suspensions were dyed using
multiple antibodies against MSC markers at room temperature
for 30 min, consisting of CD29-FITC (1:100; cat. no. 561796),
CD90-FITC (1:100; cat. no. 561969), CD44-FITC (1:100; cat.
no. 561859) and CD45-FITC (1:100; cat. no. 561867) (BD
Biosciences) and HRP-labeled secondary goat anti-mouse I1gG
antibody (1:100; cat. no. 555988) (BD Biosciences). In addi-
tion, the cells were marked with isotype-matched antibodies,
which served as background controls. After the cells were
treated with the appropriate secondary antibodies, followed
by sample analysis using the FACSCalibur™ cytometer (BD
Biosciences). Data were analyzed using the CellQuest™ pro
software (version 5.1; BD Biosciences).

Isolation and purification of exosomes. BMSCs were rinsed
with PBS and then moved to a conditioned medium (DMEM)
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containing exosome-depleted FBS obtained by centrifuga-
tion at 120,000 x g and 4°C for 18 h. FBS was centrifuged at
120,000 x g and 4°C for 18 h to remove exosomes and then
used to culture BMSCs. After 48 h, cells or cellular debris
were removed by centrifugation at 800 x g for 10 min at 4°C,
and the supernatant was obtained and then centrifuged again
(5,000 x g, 4°C, 10 min) to ensure that all cells or cellular
debris were removed to obtain the culture supernatant.

Ultracentrifugation was used for the extraction of
exosomes. In detail, the live cells were removed through
centrifugation at 300 x g for 10 min, the dead cells were
removed at 2,000 x g for 10 min, followed by removing cell
debris at 10,000 x g for 30 min and lastly, at 110,000 x g
for 70 min. The aforementioned centrifugation steps were
performed at 4°C. Subsequently, the supernatant was removed
to acquire exosome pellets. The exosomes were filtered using
a 0.22-pm filter after PBS washing, which were then centri-
fuged at 110,000 x g 4°C for 70 min. Afterward, exosomes
were resuspended in PBS and maintained at -80°C for future
use. BMSCs were transfected with either 10 nM miR-125b-5p
mimic or 10 nM scrambled miRNA (a negative control of
miR-125b-5p mimic; mimic NC) using Lipofectamine®
3000 (Invitrogen; Thermo Fisher Scientific, Inc.) at 37°C (the
sequences are presented in Table SI). Upon 48 h transfection,
the culture medium was harvested to extract exosomes, which
were termed Exo-miR-125b-5p mimic and Exo-mimic NC.
The secreted number of exosomes was quantified using a BCA
protein assay kit (Thermo Fisher Scientific, Inc.) (22).

Characterization and quantification of exosomes. The
harvested exosomes were loaded on to 400 mesh carbon grids
and then fixed with 2.5% glutaraldehyde at 4°C for 5 min and
dyed using 2.5% uranyl acetate at room temperature for 10 min
(Electron Microscopy Sciences) and embedded with 1%
methyl cellulose on ice for 10 min (MilliporeSigma). Next, the
grid was dried completely at room temperature. Transmission
electron microscopy (TEM; JEM-2100F; JEOL, Ltd.) was
performed to characterize the exosome's morphology. The
size distribution and concentration of exosomes were analyzed
by nanoparticle-tracking analysis with a NanoSight NS300
instrument (Malvern Panalytical, Malvern, UK) following the
manufacturer's instructions. The expression levels of exosome
proteins CD9 and CDS81 were evaluated by western blotting.

Exosome uptake assay. Exosomes were fluorescently labeled
with PKH26 (Sigma-Aldrich; Merck KGaA) following the
manufacturer's instructions. PKH26-labeled exosomes (50 pg)
incubated for 24 h with SKOV3 cells at 37°C. Aliquots of the
cell suspension were placed on microscope slides and subse-
quently mounted by a coverslip with the Aqua-Poly/Mount
(Polysciences, Inc.). After that, nuclei were labelled blue using
DAPI at 37°C for 10 min. Images of the exosomes' cellular
uptake was captured with a confocal laser scanning micro-
scope (Carl Zeiss AG) (23).

Cell grouping and treatment. To evaluate the influence
of BMSCs-derived exosomes (BMSCs-Exo) carrying
miR-125b-5p targeting DDXS5 on the biological functions of
SKOV3 cells, the following groups were evaluated: i) Control
(PBS co-cultured with SKOV3 cells); ii) Exo (BMSCs-Exo
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co-cultured with SKOV3 cells); iii) Exo-mimic NC (Exo-mimic
NC co-cultured with SKOV3 cells); iv) Exo-miR-125b-5p
mimic (Exo-miR-125b-5p mimic co-cultured with SKOV3
cells); v) small interfering RNA (siRNA)-NC (si-NC trans-
fected into SKOV3 cells); vi) si-DDX5 (DDX5 siRNA
transfected into SKOV3 cells); vii) Exo-miR-125b-5p
mimic + pcDNA-NC (Exo-miR-125b-5p mimic was
co-cultured with SKOV3 cells and transfected using the
pcDNA3.1 plasmid); and viii) Exo-miR-125b-5p mimic +
pcDNA-DDXS5 (Exo-miR-125b-5p mimic was co-cultured
with SKOV3 cells and transfected with pcDNA3.1 plasmid
over-expressing DDXS5) groups. The corresponding exosomes
(50 pg) were co-incubated with SKOV3 cells (1x10° cells/well)
for 24 h, respectively. The si-DDX5, si-NC, pcDNA-DDXS5
and pcDNA-NC were transfected into SKOV3 cells using
Lipofectamine® 3000. The aforementioned vectors and plas-
mids used for transfection were purchased from Shanghai
GenePharma Co., Ltd., and the miR-125b-5p mimic (cat.
no. MC10148) and mimic NC (cat. no. 4464059) were
purchased from Thermo Fisher Scientific, Inc. (Table SI).

Cell counting kit (CCK-8) assay. SKOV3 cells were seeded at
2,000 cells/well in 96-well plates. After incubation with 10 ul
CCK-8 reagent (Dojindo Laboratories, Inc.) for 2 h at 37°C,
absorbance at 450 nm was read using a SpectraMax™ 190
spectrophotometer plate reader (24).

Scratch assay. The 90% confluent, serum-starved SKOV3
cells were seeded into 6-well plates (50,000 cells/well) for
24 h and then scratched using a 200 pl pipette tip. At O and
48 h, images of the cells were captured using an optical micro-
scope and wound healing rate was calculated as previously
described (25).

Transwell assay. SKOV3 cells (5x10° cells/ml) were resus-
pended in FBS-free medium. The Matrigel-coated (coat at
4°C, then allow gelation for 2-3 h) upper chamber of 24-well
inserts Transwell plate (pore size, 8 ym; Corning, Inc.) was
covered with cell resuspension (100 xl) and the lower chamber
with DMEM containing 10% FBS (600 ul). After 48-h culture
at 37°C, cells were dyed with 0.5% crystal violet for 20 min
at room temperature and under the light microscope (Nikon
Corporation), five fields (magnification, x200) were randomly
selected, and the mean number of cells was calculated and
used for statistical analysis (26).

Annexin V/PI double staining. To assess apoptosis, SKOV3
cells were stained using Annexin V and propidium iodide as
part of the Annexin V-FITC/PI Apoptosis Detection kit (BD
Biosciences), according to the manufacturer's protocol and
early + late cell apoptosis were analyzed using flow cytometry
(Cytomics FC500 MPL; Beckman Coulter, Inc.) and FACS
DiVa 6.1.3 software (BD Biosciences) (27).

Reverse transcription-quantitative PCR (RT-qPCR). After
RNA extraction from of OC tissue or cells using TRIzol
reagent (Invitrogen; Thermo Fisher Scientific, Inc.), reverse
transcription of RNA into cDNA was performed using the
PrimeScript RT Master Mix kit (Takara Biotechnology
Co., Ltd.) and Mir-X miRNA RT-qPCR SYBR kit (Takara
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Biotechnology Co., Ltd.) based on manufacturer's instruc-
tions. qPCR was performed using SYBR Premix Ex Taq II
(Takara Biotechnology Co., Ltd.) in the ABI-7500 system.
The reaction conditions were as follows, pre-denaturation
95°C for 5 min, 40 cycles: denaturation 95°C for 5 sec,
annealing 60°C for 30 sec, and extension 74°C for 30 sec.
The 2-24¢4 method was utilized to analyze the relative expres-
sion levels of genes, which was normalized to U6 or GAPDH
(Table SIT) (28).

Western blot assay. Total protein of OC tissue or cells
was separated by radio-immunoprecipitation assay lysis
buffer (Beyotime Institute of Biotechnology) that contained
protease inhibitors and phenylmethanesulfonyl fluoride
(Biocolor, Ltd.), and then quantified using the BCA Protein
Assay Kit (Beyotime Institute of Biotechnology). Proteins
(25 ug/lane) were separated by 10% SDS-PAGE, trans-
ferred to a PVDF membrane (Bio-Rad), blocked in 5%
skim milk for 1 h at room temperature, mixed overnight at
4°C with primary antibodies against DDXS5 (1:1,000; cat.
no. ab128928), CD9 (1:1,000; cat. no. ab236630), CDS81
(1:2,000; cat. no. ab109201) and GAPDH (1:2,500; cat.
no. abl81602) and cultured for 1 h at room temperature
with goat anti-rabbit IgG (1:2,000; cat. no. ab6721) (all from
Abcam). Visualization of protein bands was performed in a
gel imaging system (G:BOXChemi XRS5; Syngene Europe),
and the data analyzed using the ImagelJ software (version
1.8.0; National Institutes of Health) (29).

Bioinformatical analysis and dual luciferase reporter gene
assay. The targets of miR-125b-5p were predicted using
bioinformatical analysis via the online ENCORI database
(version 3.0; https://rnasysu.com/encori/). Subsequently,
DDXS5 was selected, and the relationship was analyzed using
a dual luciferase reporter gene assay. The sequence containing
the miR-125b-5p binding site in the DDX5 3'UTR was
amplified and cloned into the pGL3-basic luciferase plasmid
(Takara Biotechnology Co., Ltd.) to construct a recombinant
plasmid of wild-type DDX5 (DDX5-WT; point mutation,
5'-UCAGGG-3"). Mutant DDX5 (DDX5-Mut; point muta-
tion, 5'-ACCCCC-3') recombinant plasmid was constructed
by mutating the miR-125b-5p binding site on DDX5-WT
using a point mutation kit (Takara Biotechnology Co., Ltd.).
Plasmid design and construction was performed by Takara
Biotechnology Co., Ltd.). After 48 h transfection with the
recombinant vector and miR-125b-5p mimic or mimic NC
by using Lipofectamine® 3000 (Invitrogen; Thermo Fisher
Scientific, Inc.), the luciferase activity of SKOV3 cells was
examined using the Dual Luciferase Reporter Assay System
(Promega Corporation) according to the manufacturer's
instructions. Relative firefly luciferase activity was normal-
ized to Renilla luciferase activity as a control for transfection
efficiency (30).

RNA immunoprecipitation (RIP) assay. In accordance with
the manufacturer's instructions, the binding of miR-125b-5p
to DDX5 was analyzed using the Magna RIP RNA-Binding
Protein Immunoprecipitation Kit (MilliporeSigma). Cells
in logarithmic growth period were harvested and lysed in
500 ul RIP lysis buffer containing protease inhibitor cocktail

and RNA inhibitor (included in the kit). The supernatant was
collected by centrifugation at 5,000 x g for 10 min at 4°C. The
supernatant was incubated with 900 1 RIP buffer containing
5 pug of Ago2 antibody (cat. no. abl186733; Abcam) or negative
control anti-IgG (cat. no. ab172730; Abcam) beads overnight at
4°C. After washing with 500 pl washing buffer, the immuno-
precipitated RNA was isolated with TRIzol reagent. RT-qPCR
was performed as aforementioned with the immunoprecipi-
tated RNA (31-33).

Statistical analysis. Data were statistically analyzed using the
SPSS software (version 21.0; IBM Corp.) and expressed as
mean + standard deviation. Comparison between two groups
was performed using an unpaired independent samples t-test,
while comparisons among multiple groups were conducted
using one-way ANOVA followed by Tukey's post hoc test.
Pearson's correlation test was utilized to assess correlation.
P<0.05 was considered to indicate a statistically significant
difference. All experiments were repeated 3 times.

Results

Identification of BUSCs and exosomes.BMSCs were identified
using flow cytometry, which showed that BMSCs were positive
for CD29, CD44 and CD90, and negative for CD45 (Fig. 1A).
BMSCs were subjected to lipogenic and osteogenic differen-
tiation experiments (Fig. 1B). After Oil Red O staining, red
lipid droplets were observed in the cells. Following Alizarin
Red staining, BMSCs appeared cubic and had aggregated to
form mineralized nodules, further indicating that the isolated
cells were BMSCs.

TEM images demonstrated that isolated vesicles had an
elliptical shape (Fig. 1C). The NTA results suggested that the
vesicles diameter ranged from 30 to 200 nm (Fig. 1D). Western
blotting demonstrated that the vesicles expressed CD81 and
CD9 (Fig. 1E), indicating that the isolated vesicles were
exosomes (34).

To evaluate if BMSCs-Exo could be used as effective
vehicles for miR-125b-5p delivery to suppress OC cells prolif-
eration and invasion, BMSCs were subject to miR-125b-5p
mimic transfection, and significantly increased miR-125b-5p
expression levels in BMSCs were demonstrated using
RT-gPCR (Fig. 1F). PKH26-labeled exosomes were incubated
with SKOV3 cells, and fluorescence microscopy demonstrated
red fluorescence of PKH26 in SKOV3 cells after co-culture
(Fig. 1G). miR-125b-5p mimic and mimic NC were trans-
fected into BMSCs, post-transfected cell culture medium was
obtained, and Exos were extracted from the supernatant of the
medium. RT-qPCR was performed to evaluate miR-125b-5p
expression levels in the extracted exosomes, and it was demon-
strated (Fig. 1H) that miR-125b-5p expression levels were
significantly increased in Exo-miR-125b-5p mimic group
compared with that in the Exo-mimic NC group.

BMSCs-Exo limits OC cell malignancy. MSCs can inhibit
the development of SKOV3 cells (35). miR-125b-5p expres-
sion levels in SKOV3 cells after co-culture with BMSCs-Exo
were examined. BMSCs-Exo treatment resulted in signifi-
cantly increased miR-125b-5p expression levels in SKOV3
cells (Fig. 2A). The CCK-8 (Fig. 2B), scratch (Fig. 2C) and
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Figure 3. Exosome delivery of miR-125b-5p represses malignant progression of OC cells. (A) Gene expression levels of miR-125b-5p in normal ovarian tissues
and OC tissues detected. (B) miR-125b-5p gene expression levels in SKOV3 cells treated with Exo-miR-125b-5p mimic and Exo-mimic NC. (C) Proliferation
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control; Exo-, exosome encapsulated.

Transwell (Fig. 2D) assays demonstrated that treatment with
BMSCs-Exo significantly impaired the proliferation, migra-
tion and invasion of SKOV3 cells compared with the control
cells; however, flow cytometry demonstrated that the apoptotic
rate of the BMSCs-Exo treated cells significantly increased
(Fig. 2E). Overall, BMSCs-Exo inhibited the development of
OC cells in vitro.

Exosome mediated delivery of miR-125b-5p represses malig-
nant progression of OC cells. miR-125b-5p can inhibit cancer
cell malignancy (36). Significantly decreased miR-125b-5p
expression levels were measured in the tumor tissue samples
from patients with OC compared with normal tissue samples
(Fig. 3A). To determine whether BMSCs-Exo carrying
miR-125b-5p could impact OC cell development, the exosomes
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WT, wild-type; Mut, mutant; DDX, DEAD-box helicase 5.

Exo-miR-125b-5p mimic and Exo-mimic NC were co-cultured
with SKOV3 cells, and miR-125b-5p expression levels in SKOV3
cells were evaluated (Fig. 3B). Significantly increased expression
levels of miR-125b-5p were observed in the Exo-miR-125b-5p
mimic-treated SKOV3 cells compared with the Exo-mimic
NC treatment. The CCK-8 assay (Fig. 3C), scratch (Fig. 3D)
and Transwell (Fig. 3E) assays, and flow cytometry (Fig. 3F)
demonstrated that the proliferative, migratory and invasive
properties of Exo-miR-125b-5p mimic-treated SKOV3 cells
were significantly reduced and apoptosis was significantly
increased in comparison with Exo-mimic NC treatment. These
results suggest that miR-125b-5p delivered by BMSCs-Exo
impeded OC development.

Targeting relationship between miR-125b-5p and DDXS5.
RT-qPCR and western blot assays demonstrated that DDX5
expression was significantly increased in OC tumor tissues
compared with normal tissue (Fig. 4A). To confirm the
regulatory relationship between miR-125b-5p and DDXS5,
bioinformatics analysis software predicted the binding
sites between them (Fig. 4B), and Pearson's correlation
test demonstrated significant negative correlation between
the mRNA expression levels of miR-125b-5p and DDXS5
(Fig. 4C). Furthermore, miR-125b-5p mimic inhibited the
luciferase activity of DDX5-WT, while had no impact on the

luciferase activity of DDX5-Mut (Fig. 4D). The RIP experi-
ment demonstrated that miR-125b-5p and DDX5 expression
levels were significantly increased with Ago2 treatment
(Fig. 4E). RT-qPCR and western blot analysis indicated that
DDX5 expression levels were significantly reduced upon
miR-125b-5p overexpression (Fig. 4F). RT-qPCR also demon-
strated that overexpression of DDX5 reversed the suppressive
effect of either miR-125b-5p mimic or si-DDKS5 on DDKS5
expression levels (Fig. 4G).

DDX5 knockdown inhibits the malignant progression of OC
cells. si-NC and si-DDX5 were introduced into SKOV3 cells;
si-DDX35 transfection inhibited DDX5 expression levels in
SKOV3 cells (Fig. 5A and B). The CCK-8 (Fig. 5C), scratch
(Fig. 5D) and Transwell (Fig. SE) assays, and flow cytometry
(Fig. 5F) demonstrated that following the inhibition of DDX5
expression, the proliferative, migratory and invasive properties
of OC cells were significantly reduced, and cell apoptosis was
significantly increased in the si-DDX5 group compared with
that in the si-NC group. In brief, DDX5 suppression inhibited
OC cell progression.

DDX5 overexpression abrogates miR-125b-5p-induced
suppression of OC development. To verify that BMSCs-Exo
carrying miR-125b-5p targeting DDX5 can regulate OC
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Figure 5. DDX5 knockdown inhibited the malignancy of OC cells. DDX5 (A) mRNA and (B) protein expression levels upon transfection of si-DDXS5.
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development, pcDNA-NC and pcDNA-DDXS5 were transfected
into SKOV3 cells. RT-qPCR experiments showed that the
expression levels of DDX5 mRNA were significantly elevated in
the pcDNA-DDXS5 group compared with the pcDNA-NC group
(Fig. 6A). Next, the Exo-miR-125b-5p mimic + pcDNA-NC
group and the Exo-miR-125b-5p mimic + pcDNA-DDXS5
group were examined. Significantly increased DDX5 expres-
sion levels were observed in the Exo-miR-125b-5p mimic +
pcDNA-DDXS5 group compared with the Exo-miR-125b-5p
mimic + pcDNA-NC group (Fig. 6B and C). The CCK-8,
(Fig. 6D) scratch (Fig. 6E) and Transwell (Fig. 6F) assays, and
flow cytometry (Fig. 6G) demonstrated that the proliferative,
migratory and invasive properties of OC cells were significantly

increased, and that cell apoptosis was significantly reduced
in the Exo-miR-125b-5p mimic + pcDNA-DDXS5 group
compared with the Exo-miR-125b-5p mimic + pcDNA-NC
group. In summary, miR-125b-5p, derived from BMSCs-Exo,
served a key role in inhibiting OC cell growth by targeting
DDX5.

Discussion

OC is the deadliest gynecological malignancy worldwide that
is often diagnosed at advanced stages with poor outcomes (37).
Focusing on the biological functions of OC cells, the present
study demonstrated that BMSCs-Exo delivery of miR-125b-5p
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Figure 6. DDX5 overexpression inhibits miR-125b-5p-induced suppression of OC development. (A) DDX5 mRNA expression in the pcDNA-NC group and
pcDNA-DDXS5 group. DDXS5 (B) mRNA and (C) protein expression levels in the Exo-miR-125b-5p mimic + pcDNA-NC and Exo-miR-125b-5p mimic +
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mimic + pcDNA-DDXS5 groups. (E) Migration of OC cells evaluated using a scratch test in the Exo-miR-125b-5p mimic + pcDNA-NC and Exo-miR-125b-5p
mimic + pcDNA-DDXS5 groups (scale bar, 200 ym; magnification, x100). (F) Invasion of OC cells assessed using a Transwell assay in the Exo-miR-125b-5p
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had anti-tumorigenic effects in OC cells via direct targeting
of DDX5.

BMSCs-Exo co-culture reduced proliferation, invasion,
migration and elevated apoptosis of OC cells in vitro. A previous
study by Qiu et al (9) reported MSC-Exo-mediated effects on
reducing cell growth in OC. The combination of MSC-Exo and
radiotherapy has a regulatory role in the control of enhanced
radiation effects on metastasis and the spread of melanoma
cells (38). Furthermore, an observation by Xu et al (39)
demonstrated that glioma cells treated with MSCs-Exo show
reduced proliferation, invasion and migration. Shang et al (40)
reported the tumor-suppressor effects of MSCs-Exo delivering
high levels of miR-1231 on the proliferation, migration and
invasion of pancreatic cancer cells. Furthermore, a previous
study suggested human umbilical cord MSCs-Exo as a feasible
therapeutic strategy in the control of outgrowth of esophageal
squamous cell carcinoma cells in vitro and in vivo through
transfer of miR-375 (41). Briefly, MSCs-Exo themselves have
anti-tumorigenic effects and their delivery of targeted nucleic
acids also contributes to cancer control.

Expression levels of miR-125b-5p were significantly
reduced in tumor tissue samples of patients with OC.

miR-125b-5p downregulation has been demonstrated in several
types of cancer, including EOC (13) and colon cancer (42). In
regards to the delivery capacity of BMSCs-Exo, miR-125b-5p
was transported into SKOV3 cells, so as to lower the malig-
nant abilities of cells in vitro. Liu et al (43) have reported that
in bladder cancer cells, upon overexpressing miR-125b-5p,
cell viability and migration are inhibited, whereas apoptosis
is induced. By contrast, overexpression of miR-125b-5p has
been reported to have a role in impairing the proliferative,
migratory and invasive properties of breast cancer cells (44).
In the presence of cisplatin, overexpression of miR-125b-5p
in gallbladder cancer cells increases apoptosis levels and
decreases tumor formation, but inhibition of miR-125b-5p
decreases apoptosis levels and increases tumor formation (45).
It was reported that in hepatocellular carcinoma, miR-125b-5p
overexpression limits the malignant phenotype of tumor
cells (36). In the development of esophageal squamous cell
carcinoma cells, overexpression of miR-125b-5p can induce
cell senescence and also slow down the process of epithelial
to mesenchymal transition (46). Overall, in numerous types of
cancer, including OC, miR-125b-5p exerts protective effects to
slow down malignant progression.


https://www.spandidos-publications.com/10.3892/ol.2025.15001

10 WANG et al: EXO-ENCAPSULATED miR-125b-5p IN OC

DDX5 was upregulated in OC, and DDXS5 silencing led
to the blockade of OC cell outgrowth in vitro. Similar to the
present findings, Zhang et al (47) also reported high expres-
sion levels of DDX5 in colorectal cancer. DDXS is upregulated
in small cell lung cancer and its inhibition results in reduced
growth of tumor cells resistant to chemotherapy (48). DDXS5 is
upregulated in gastric cancer, and inhibition of DDXS5 inhibits
growth of cells and xenografts, whereas overexpression
of DDXS5 promotes cell proliferation, migration and inva-
sion (17). Also, DDX5 was identified as a target involved in
miR-125b-5p-mediated OC cell growth, as DDX5 overexpres-
sion caused the reversal of upregulated miR-125b-5p-induced
repression of OC cell development. Mechanistically, high
expression levels of DDX5 can re-activate carcinogenesis
of endometrial cancer cells mediated by silenced hepa-
toma-derived growth factor (49). Furthermore, Wang et al (50)
demonstrated that DDX5 overexpression increases the prolif-
eration of non-small-cell lung cancer cells in vitro and in vivo.
Collectively, modification of DDX5 expression represents a
switch in the progression of tumors.

In the present study, a binding site between miR-125b-5p
and DDX5 was identified by confirming the regulatory
relationship between miR-125b-5p and DDX5 and demon-
strating that miR-125b-5p was negatively correlated with
DDXS5. Following this, a binding site between miR-125b-5p
and DDX5 was experimentally demonstrated by online
database, indicating that miR-125b-5p had a role in regu-
lating DDXS5 expression. In addition, downregulation of
DDXS5 expression levels could inhibit the proliferation and
malignant progression of OC cells. It was hypothesized that
there was a targeting relationship between miR-125b-5p
and DDX5 expression in OC cells derived from exosomes
of bone marrow MSCs. The experimental results were as
hypothesized, as the Exo + miR-125b-5p + pcDNA-DDX35
group demonstrated increased cell viability, migratory and
invasive ability, and decreased apoptosis rate in OC cells.
DDXS5 overexpression reversed the effects of MSC-derived
Exo miR-125b-5p on OC cell proliferation and invasion,
while bone marrow MSC-derived Exo miR-125b-5p inhib-
ited OC cell proliferation and tumor progression by targeting
DDXS5. In the future, we will conduct further validation of
the related downstream mechanisms.

In summary, miR-125b-5p delivered by BMSCs-Exo could
inhibit OC progression, which was associated with DDX5
downregulation. The present study advances the understanding
of existing molecular mechanisms in OC, and explores the
feasibility of drug delivery using BMSCs-Exo.
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