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Abstract. Exosomal microRNA  (miR) can affect signaling 
pathways in various physiological and pathological conditions, 
including ovarian cancer (OC). miR‑34b, the first microRNA 
targeted in a human clinical trial for cancer treatment, exhib-
ited decreased expression in several cancer types. However, 
the biological function of exosomal miR‑34b in OC has not 
been elucidated. In the present study, using reverse transcrip-
tion‑quantitative PCR, it was reported that exosomal miR‑34b 
is downregulated in OC cells. Exosomal miR‑34b reduced cell 
proliferation and epithelial‑mesenchymal transition (EMT) in 
the OC cell line SKOV3. In addition, it was confirmed that 
Notch2, which is upregulated in SKOV3 cells, is a target of 
miR‑34b. Moreover, exosomal miR‑34b and Notch2 levels 
were found to be negatively correlated. The present data 
highlights the importance of exosomal miR‑34b‑mediated 
inhibition of cell proliferation and EMT, suggesting that 
exosomal miR‑34b has value as a diagnostic biomarker and a 
potential molecular target for the treatment of OC.

Introduction

Ovarian cancer (OC) is one of the most fatal malignancies in 
gynecologic cancer  worldwide owing to its frequent detec-
tion at an advanced stage  (1,2). Based on the statistics from 
The American Cancer Society in 2013, OC accounts for 4% 
of all cancer types diagnosed in women, with an estimated 
22,000 new cases and 14,000 deaths per annum in the United 

States alone (3,4). OC has a low 5‑year survival rate, and up 
to 70%  of patients exhibit invasion and metastasis  (5). The 
epithelial‑mesenchymal transition (EMT) and collective 
cell migration to neighboring tissues are key steps in OC 
progression and metastasis, although the precise underlying 
mechanisms are unclear (6).

MicroRNAs (miRNAs/miRs) are small, single‑stranded 
non‑coding RNAs that regulate gene expression by binding to 
specific target mRNA sequences, thereby degrading mRNAs 
or inhibiting their translation  (7). A previous study reported 
an association between epithelial ovarian cancer (EOC) and 
aberrant miRNA regulation (8). Various miRNAs are known 
to be dysregulated in the advanced stages of OC, suggesting 
that they are involved in malignancy and metastasis (9).

Additional studies have shown that miRNAs can be 
secreted into the extracellular space, mostly in the form of 
exosomes, and function in intercellular communication (10‑12). 
Exosomal miRNAs are also important biomarkers of diag-
nosis and progression of OC (13). For instance, the expression 
of members of the miR‑373 and miR‑200 families were 
significantly upregulated in patients with OC compared with 
healthy women (14). A previous study reported that exosomal 
miR‑30a‑5p may be a potential biomarker for OC  (15). 
miR‑34b belongs to the miR‑34 family and is directly transac-
tivated by the p53 tumor suppressor (16). In general, miR‑34b 
can promote apoptosis and cell cycle arrest resulting in p53 
activation, thereby acting as a mediator of tumor suppression 
by p53 (17). Several studies have shown that miR‑34b is down-
regulated in OC, but its mechanism of action and precise role 
in intercellular communication are poorly understood (18,19).

The present study examined the expression and biological 
functions of exosomal miR‑34b and investigated the mecha-
nisms underlying its role in OC. 

Materials and methods

Cell culture. The human ovarian surface epithelium cell line, 
IOSE‑80 and the OC cell lines SKOV3, A2780 and OVCAR3 
were purchased from the Cell Bank of Type Culture Collection 
of the Chinese Academy of Sciences, and cultured in RPMI‑1640 
medium (Invitrogen; Thermo Fisher Scientific, Inc.) containing 
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10% FBS, 100 units/ml penicillin and 100 µg/ml streptomycin 
in 5% CO2 at 37˚C.

Exosome purification. Exosomes were isolated from the 
culture medium by differential centrifugation. Briefly, the 
conditioned medium was centrifuged at 1,500 x g for 20 min 
at 4˚C to separate the cells, followed by centrifugation at 
12,000  x  g for 35  min at room temperature and filtration 
through a 0.22‑µm filter to remove cell debris. Exosomes were 
pelleted by ultracentrifugation at 120,000 x g for 90 min at 
room temperature, and washed with PBS. Subsequently, the 
exosomes were pelleted at 120,000  x  g for 70  min at room 
temperature and resuspended in 100 µl of PBS.

Nanoparticle tracking analysis (NTA). The Nanosight NTA 
NS300 (Malvern Instruments, Inc.) was used to identify the 
concentration and size of isolated exosomes by tracking the 
Brownian motion of particles. The samples were captured for 
60 sec at room temperature with manual shutter.

Electron microscopy. For electron microscopy analysis, 
exosomes isolated from the cell line, IOSE‑80 dissolved in 
PBS were loaded to carbon‑coated nickel grids and negatively 
stained with 2%  methylamine tungstate (Sigma‑Aldrich, 
Inc; Merck KGaA) at 37˚C for 10  min. After drying at 
room temperature for 20  min, the samples were viewed 
using a JEM‑1230 transmission electron microscope (Nikon 
Corporation) at 80 kV.

RNA preparation and reverse transcription quantitative 
(RT‑q)PCR. Total RNA was extracted from cells or using 
TRIzol® reagent (Takara Biotechnology Co., Ltd). Briefly, 
1 µg of total RNA was reverse transcribed into cDNA using 
the Mir‑X™ miRNA FirstStrand Synthesis kit (Takara 
Biotechnology Co., Ltd.) at 37˚C for 60 min and then 85˚C for 
5 sec. qPCR analyses were conducted using the SYBR Prime 
Script miRNA RT‑PCR kit (Takara Biotechnology Co., Ltd), 
following the manufacturer's procedure. All reagents used 
for RT‑qPCR were obtained from Takara Biotechnology Co., 
Ltd. The universal miRNA Reverse and U6 primers were also 
obtained from Takara Biotechnology Co., Ltd. The miR‑34b, 
the universal miRNA Reverse, U6 and mRNA primer 
sequences are shown in Table I.

Western blot analysis. Proteins were extracted from cells 
using RIPA lysis buffer (Beyotime Institute of Biotechnology) 
and the total protein content was measured using the bicincho-
ninic acid assay (Beyotime Biotechnology, Inc) by Fluoroskan 
(Thermo Fisher Scientific Inc.). A total of 20 µg protein per 
lane was loaded onto a 12%  SDS‑PAGE gel. Proteins were 
then transferred to polyvinylidene difluoride membranes, 
and blocked using 5%  BSA at room temperature for 1  h. 
Then, immunoblotting was performed with primary anti-
bodies against TSG101 (1:2,000; cat. no.  ab125011; Abcam), 
CD63 (1;2000, cat. no.  sc‑5275; Santa Cruz Biotechnology 
Inc.), Notch2 (cat. no.  5732S), E‑cadherin (cat. no.  14472), 
N‑cadherin (cat. no. 13116), Snail (cat. no. 3879S) and β‑actin 
(cat. no.  3700S) (1:2,000; all Cell Signaling Technology, 
Inc.) at 4˚C overnight. After washing, the membranes were 
incubated with goat anti‑rabbit or anti‑mouse antibody 

conjugated to horseradish peroxidase (1:2,000; Cell Signaling 
Technology) for 1 h at room temperature. An enhanced chemi-
luminescence system (Pierce; Thermo Fisher Scientific Inc.) 
was used to detect the bands. Densitometry was performed 
using ImageJ v1.8.0 software (National Institutes of Health).

Proliferation assay. Cell Counting Kit (CCK)‑8 assays 
(Dojindo Molecular Technologies, Inc.) were used to evaluate 
cell viability. Briefly, exponentially growing cells were 
counted and seeded in 96‑well plates at 1x104 cells/ well. 
After 72 h, CCK‑8 was added to each well according to the 
manufacturer's instructions and the plates were incubated 
for at 37˚C for 2 h. Then, the absorbance was measured with 
Fluoroskan (Thermo Fisher Scientific Inc.) at 490 nm.

Wound healing assay. For the wound healing assay, SKOV3 
cells were seeded in 6‑cm culture dishes. Following serum 
starvation for 24  h, a straight scratch was created using a 
200‑µl pipette tip and the wound was visualized under a 
light microscope (magnification, x100). Images of cells were 
captured under the microscope and the  percentage of the 
scratch healing was calculated.

Transfection. SKOV3 cells were seeded on 6‑well plates, 
and transfected using TurboFect Transfection Reagent 
(Thermo Fisher Scientific, Inc.) according to the manufac-
turer's instructions. anti‑miR‑34b (100 nM), miR‑34b mimics 
(50  nM) and small interfering (si)‑Notch2 (100  nM) were 

Table I. Primer sequences used in reverse transcription‑quan-
titative PCR.

Gene	 Primer sequence (5' → 3')

miR‑34b	
  Forward	 CAATCACTAACTCCACTGCCAT
U6	
Forward	 CGCAAGGATGACACGCAAATTCG
Universal Reverse	 CCAGTGCAGGGTCCGAGGT
Notch2        	
  Forward	 GGGACCCTGTCATACCCTCT
  Reverse	 GAGCCATGCTTACGCTTTCG
E‑cadherin	
  Forward	 AGGCTAGAGGGTCACCGCGTC
  Reverse	 GCTTTGCAGTTCCGACGCCAC
N‑cadherin	
  Forward	 AGTCAACTGCAACCGTGTGT
  Reverse	 AGCGTTCCTGTTCCACTCAT
Snail	
  Forward	 CCTCCC TGTCAGATGAGGAC
  Reverse	 CCAGG CTGAGGTATTCCTTG
β‑actin       	
  Forward	 AGCCATGTACGTAGCCATCC
  Reverse	 CTCTCAGCTGTGGTGGTGAA

miR, microRNA.
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used to regulate the expression of miR‑34b and Notch2. 
Scrambled miR‑control and silencer negative control  1 
siRNA were used as negative controls. Cells were collected 
48  h post‑transfection for further experimentation. The 
sequences used were as follows: miR‑34b mimics sense, 
5'‑AGGCAGUGUAAUUAGCUGAUUGU‑3' and antisense, 
5'‑AAUCAGCUAAUUACACU GCCUUU‑3'; anti‑miR‑34b 
5'‑ACAAUCAGCUAAUUACACUGCCU‑3'; and si‑Notch2 
sense, 5'‑GGAGGUCUCAGUGGAUAUATT‑3' and antisense, 
5'‑UAUAUCCACUGAGACCUCCTT‑3'.

Luciferase reporter assay. SKOV3 cells were evaluated using 
the recombinant pMIR‑reporter luciferase vector (Guangzhou 
RiboBio Co., Ltd.) with a luciferase reporter assay (Promega 
Corporation). The same transfection methodology was used as 
described in the previous paragraph. Briefly, cells were trans-
fected with the Notch2 3' untranslated region (UTR) wildtype 
(WT) and Notch2 3'UTR mutant (Mut) plasmids, together with 
the negative control RNA and miR‑34b mimics using TurboFect 
Transfection reagent (Thermo Fisher Scientific, Inc.) in 24‑well 
plates. pRL‑CMV luciferase plasmids served as the internal 
control. At 48  h after transfection, cells were harvested and 
lysed. Luminescence was determined using the dual‑luciferase 
reporter assay system (Promega Corporation). Firefly luciferase 
activity was normalized to Renilla luciferase activity. 

Prediction of targets of miR‑34b. Three online predic-
tion algorithms PicTar (https://pictar.mdc‑berlin.de/), 
TargetScan (http://www.targetscan.org/vert_71/) and miRDB 
(http://mirdb.org/) were used to identified targets gene of 
miR‑34b and then the common genes selected from the 3 
algorithms were identified as the candidates. 

Statistical analysis. All data are presented as mean ± stan-
dard error of the mean from three individual experiments. 
GraphPad Prism version 7 (GraphPad Software) was used for 
data analyses. Paired Student's t‑test and a one‑way analysis 
of variance (ANOVA) with Tukey's post hoc test were used to 
assess the differences. Pearson's correlation analysis was used 
to analyze the correlation between the expression of exosomal 
miR‑34b and Notch2 mRNA. P<0.05 was considered to indi-
cate a statistically significant difference. 

Results

Exosomal miR‑34b expression is downregulated in OC cells. 
Transmission electron microscopy and NanoSight analysis 
showed that IOSE‑80 exosomes had a double‑layer membrane 
and were primarily 40‑100 nm in diameter (Fig. 1A and B). 
Western blotting further confirmed the presence of exosomes 
by identifying the well‑established markers, CD63 and 
TSG101 (Fig.  1C). RT‑qPCR revealed that miR‑34b was 
highly expressed in the IOSE‑80 cell line, and had decreased 
levels in SKOV3 cells compared with several other OC cell 
lines (A2780 and OVCAR3) (Fig.  S1; *P<0.05; **P<0.01). 
Therefore, IOSE‑80 and SKOV3 cells were selected for 
further study. The RT‑qPCR results showed that miR‑34b 
levels were significantly lower in SKOV3‑derived exosomes 
(SK‑Exos) compared with those in the IOSE‑80‑derived 
exosomes (IO‑Exos), consistent with the cellular expression 
(Fig. 1D; **P<0.01). 

Exosomal miR‑34b attenuates proliferation and EMT in 
ovarian cancer. RT‑qPCR revealed that miR‑34b expression 
was significantly upregulated in SKOV3 co‑cultured with 

Figure 1. Exosomal miR‑34b is downregulated in ovarian cancer. (A)  Electron microscopy analysis of exosomes isolated from the SKOV3 conditioned 
medium. Arrows indicate the exosomes. Scale bar, 100 nm. (B) Size distribution graph of exosomes isolated from the SKOV3 conditioned medium and 
quantified using nanoparticle tracking analysis. (C) Western blotting of the exosomal markers, CD63 and TSG101, in exosomes isolated from IOSE‑80 and 
SKOV3 conditional medium. (D) Relative expression levels of miR‑34b in IOSE‑80 and SKOV3 cells and exosomes. **P<0.01 vs. IOSE‑80. miR, microRNA.
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IOSE‑80 cells compared with that of SKOV3 cells alone 
(Fig.  2A; **P<0.01), suggesting that miR‑34b containing 
exosomes were delivered from IOSE‑80 cells in the upper 
Transwell chamber to the recipient SKOV3 cells in the lower 
chamber. RT‑qPCR also revealed anti‑miR‑34b transfection 

significantly decreased miR‑34b expression in exosomes 
compared with IOSE‑80 exosomes (NC‑Exos) cells (Fig. S2). 
The CCK 8 and wound healing assays indicated that IO‑Exos 
markedly attenuated the proliferation and invasion of SKOV3 
cells, while exosomes derived from miR‑34b‑antagonized 

Figure 3. Notch2 is a direct target gene of miR‑34b. (A) Predicted miR‑34b binding sites in the 3' UTR of Notch2 mRNA. (B) Luciferase activity in cells 48 h 
after transfection. (C) Relative expression levels of Notch2 in SKOV3 cells transfected with NC or miR‑34b mimics. (D) and (E) Western blotting of Notch2 in 
SKOV3 cells transfected with NC or miR‑34b mimics. **P<0.01 vs. NC. miR, microRNA; UTR, untranslated region; NC, negative control; ns, not significant.

Figure 2. Exosomal miR‑34b suppresses cell proliferation and EMT in ovarian cancer cells. (A) Relative expression levels of miR‑34b in SKOV3 cells 
co‑cultured with SKOV3 or IOSE‑80. (B) Cell viability assays and (C) cell invasion assays in SKOV3 cells cultured with exosomes isolated from SKOV3, 
IOSE‑80, IOSE‑80+NC or IOSE‑80+anti‑miR‑34b. (D)  Relative expression levels of EMT markers (E‑cadherin, N‑cadherin and Snail) in SKOV3 cells 
co‑cultured with SKOV3, IOSE‑80, IOSE‑80+NC or IOSE‑80+anti‑miR‑34b. (E) and (F) Western blotting analysis of EMT markers (E‑cadherin, N‑cadherin, 
and Snail) (20,21) in SKOV3 cells co‑cultured with SKOV3, IOSE‑80, IOSE‑80+NC or IOSE‑80+anti‑miR‑34b. **P<0.01 vs. SKOV3. $P<0.05, $$P<0.01 and 
$$$P<0.001 vs. SK‑Exos, #P<0.05, ##P<0.01 vs. NC‑Exos. EMT, epithelial‑mesenchymal transition; NC, negative control; miR, microRNA; SK, SKOV3; IO, 
IOSE‑80; Exos, exosomes.
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IOSE‑80 cells decreased IOSE‑80 (IO)‑Exos‑induced target 
cell proliferation and invasion (Fig.  2B  and  C; #P<0.05; 
##P<0.01; $$P<0.01 and $$$P<0.001).

Furthermore, as demonstrated by RT‑qPCR and western 
blotting, IO‑Exos was associated with elevated expression of 
E‑cadherin (epithelial marker)  (20) and reduced expression of 
N‑cadherin and Snail (mesenchymal markers)  (21) at both the 
mRNA and protein levels in SKOV3 cells (Fig. 2D‑F). In contrast, 
anti‑miR‑34b‑Exos was associated with reduced E‑cadherin and 
increased N‑cadherin and Snail expression (Fig. 2D‑F; #P<0.05; 
##P<0.01; $P<0.05 and $$P<0.01). In summary, the aforementioned 
results demonstrated that exosomal miR‑34b attenuates the 
proliferation and EMT in OC cells. 

Notch2 is a direct target of miR‑34b. miRNAs are typically 
involved in the regulation of target genes. Three online predic-
tion algorithms (PicTar, TargetScan and miRDB) identified 
Notch2 as a potential target gene of miR‑34b, with a putative 
binding site at base pairs 1044‑1050 (Fig. 3A). Elevated Notch 
signaling activity has been reported in previous studies investi-
gating OC (22,23). The dual‑luciferase reporter assay showed 
that luciferase activity for the WT Notch2 3'‑UTR was signifi-
cantly suppressed in cells transfected with miR‑34b mimics 
compared with the control (Fig. 3B; **P<0.01 ), while no signifi-
cant change in activity was observed for Mut Notch2 (Fig. 3B; 
**P<0.01). Furthermore, Notch2 mRNA and protein levels 
were decreased following treatment with miR‑34b mimics 
(Fig.  3C‑E; **P<0.01). Collectively, these results demonstrated 
that Notch2 is a direct target of miR‑34b. 

Notch2 is negatively correlated with exosomal miR‑34b. 
The mRNA and protein levels of Notch2 were lower in cells 
co‑cultured with IOSE‑80 compared with those in SKOV3 cells 
alone (Fig. 4A‑C; ##P<0.01; ###P<0.001; $P<0.05 and $$P<0.01). 
In contrast, Notch2 mRNA and protein levels were increased in 
cells treated with anti‑miR‑34b‑Exos (Fig. 4A‑C). These results 
confirmed that Notch2 is negatively correlated with exosomal 
miR‑34b (r=‑0.8493, Fig. 4D). 

Notch2 knockdown decreases the effect of exosomal 
anti‑miR‑34b on cell proliferation and EMT in OC. The 
efficiency of Notch2 siRNA transfection was examined in 
SKOV3 cells (Fig.  S3), and then successfully transfected 
SKOV3 cells were treated with IO‑Exos‑NC or anti‑miR‑34b 
IO‑Exos (Fig. 5A). As demonstrated by the CCK‑8 and wound 
healing assays, Notch2 knockdown significantly inhibited the 
proliferation and invasion induced by exosomal anti‑miR‑34b 
(Fig.  5B  and  C; **P<0.01; ***P<0.001 #P<0.05 and ##P<0.01). 
In addition, exosomal anti‑miR‑34b‑induced EMT inhibition 
was partly decreased by Notch2‑knockdown in SKOV3 cells 
(Fig. 5D‑F; *P<0.05; **P<0.01; #P<0.05 and ##P<0.01). Together, 
these results suggested that exosomal miR‑34b mediates cell 
proliferation and EMT via Notch2.

Discussion

Despite improvements in surgical approaches, OC still has 
a high mortality rate, which can be primarily attributed to 
late‑stage diagnosis and a high rate of metastasis (24). Previous 

Figure 4. Notch2 is negatively associated with exosomal miR‑34b. (A) Relative expression levels of Notch2 in SKOV3 cells cultured with exosomes isolated 
from SKOV3, IOSE‑80, IOSE‑80+NC or IOSE‑80+anti‑miR‑34b. (B) and (C) Western blotting of Notch2 in SKOV3 cells co‑cultured with SKOV3, IOSE‑80, 
IOSE‑80+NC or IOSE‑80+anti‑miR‑34b. (D) Notch2 is negatively correlated with exosomal miR‑34b. $P<0.05, $$P<0.01 vs. SK‑Exos. ##P<0.01, ###P<0.001 vs. 
NC‑Exos. miR, microRNA; SK, SKOV3; IO, IOSE‑80; Exos, exosomes.
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studies have demonstrated the critical roles of miRNAs in 
tumorigenesis, progression and metastasis in OC  (25,26). 
Approximately 400 dysregulated miRNAs have been identi-
fied in OC, some of which are secreted in exosomes, and 
are involved in diverse biological functions, including cell 
proliferation, migration and resistance to paclitaxel and 
Cisplatin®  (27,28). In addition, exosomal miRNAs, including 
miR‑145, miR‑940 and Let‑7, have been identified as potential 
diagnostic biomarkers for OC (29‑31). Therefore, understanding 
the roles of dysregulated exosomal miRNAs in OC may help 
improve diagnosis and treatment. The present study demon-
strated that exosomal miR‑34b expression is decreased in OC 
and has an inhibitory effect on cell proliferation and EMT. 
These results may improve our existing understanding of the 
fundamental mechanisms underlying the pathogenesis of OC.

  miR‑34b can act as a tumor suppressor via several mecha-
nisms, including a positive feedback loop between miR‑34b and 
p53 (32). Decreased expression of miR‑34b has been detected in 
various types of cancer, such as colorectal, pancreatic, gastric 
and ovarian cancer, due to the inactivation of its promoter 
by CpG methylation  (19,33‑35). Consequently, miR‑34b has 
become the first miR target to reach the phase 1 clinical trials 
for solid tumors, such as lung, colon, prostate as well as other 
disorders, such as cardiac fibrosis, cardiometabolic disease 
and chronic heart failure (36,37). Moreover, miR‑34b has been 
investigated in body fluids, such as plasma and urine and tissues 
and has been identified as a biomarker for clear cell renal cell 
carcinoma  (38,39). Several studies have shown that miR‑34b 
expression is lower in OC tissues compared with that in 
normal ovaries  (16,30). However, the functions and underlying 
mechanisms of action of exosomal miR‑34b in OC have not 

been explored. The present study demonstrated that exosomal 
miR‑34b is highly dysregulated in OC cells. Exosomal miR‑34b 
can suppress cell proliferation and expression of the epithelial 
adhesion molecule, E‑cadherin, and increase the expression of 
the mesenchymal markers, N‑cadherin and Snail, suggesting 
that miR‑34b inhibits EMT in OC (20,40). 

Notch2, a member of the Notch family of proteins, is a 
conserved cell surface receptor that mediates cellular interac-
tions, and is associated with the initiation and development 
of various types of tumors, such as liver, brain and gastric 
tumors  (41,42). Indeed, Notch signaling has a wide range of 
functions, and, depending on the cancer type, can function as 
either a tumor promoter or suppressor, highlighting its complex 
role in cancer  (43). In ovaries, Notch signaling regulates 
granulosa cell proliferation and coordinates follicular growth; 
therefore, it is involved in ovarian follicle development (44). In 
addition, increased Notch2 expression is significantly corre-
lated with poor progression‑free survival rate in OC, suggesting 
that it has prognostic value (45). The present study is the first 
to report that Notch2 is a direct target gene of miR‑34b in OC, 
to the best of our knowledge. Furthermore, Notch2 was signifi-
cantly negatively associated with exosomal miR‑34b levels, and 
knockdown of Notch2 abated the decreased cell proliferation 
and EMT mediated by exosomal anti‑miR‑34b in OC.

EMT is generally associated with the invasion and migration 
ability of cells  (46). Wound healing and Transwell assays are 
methods to analyze cell migration. The present study, revealed 
that exosomal miR‑34b attenuates EMT in OC by downregula-
tion of E‑cadherin and upregulation of N‑cadherin and Snail. 
However, the Transwell assay was not performed using Matrigel, 
therefore invasion could not be analyzed, which is a limitation 

Figure 5. Notch2 knockdown abates the effect of exosomal anti‑miR‑34b on cell proliferation and the EMT in ovarian cancer cells. (A) Relative expression 
levels of Notch2 in SKOV3 cells co‑cultured with IOSE‑80, IOSE‑80+NC or IOSE‑80+anti‑miR‑34b. (B) Cell viability and (C) cell invasion assays in SKOV3 
cells cultured with exosomes isolated from SKOV‑3, IOSE‑80, IOSE‑80+NC or IOSE‑80+anti‑miR‑34b. (D)  Relative expression levels of EMT markers 
(E‑cadherin, N‑cadherin and Snail) in SKOV3 cells cultured with exosomes isolated from SKOV3, IOSE‑80, IOSE‑80+NC or IOSE‑80+anti‑miR‑34b. 
(E)  and (F)  western blotting of E‑cadherin, N‑cadherin and Snail in SKOV3 cells co‑cultured with IOSE‑80, IOSE‑80+NC, or IOSE‑80+anti‑miR‑34b. 
**P<0.01, ***P<0.001 vs. NC‑Exos. #P<0.05, ##P<0.01 vs. anti‑miR‑34b‑Exos. EMT, epithelial‑mesenchymal transition; NC, negative control; Exos, exosomes; 
IO, IOSE‑80; SK, SKOV3; si, small interfering.
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of the present study and worthy of further investigation. In addi-
tion, the critical role of miR‑34b was only explored in OC cell 
lines, relevant OC animal models should be studied to further 
confirm the regulatory function of miR‑34b in OC.

Overall, the regulatory network of exosomal miR34b and 
the mechanisms underlying its suppressive effects on cell 
proliferation and EMT in OC were identified. It was demon-
strated that miR‑34b acts by directly binding to and regulating 
Notch2 expression. These findings highlight the important role 
of exosomal miR‑34b in OC, suggesting that it could act as a 
promising diagnostic and therapeutic target in OC in the future.
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