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Abstract: Recent studies have shown the involvement of exosomes in intercellular communication during tumor 
progression. Circular RNAs (circRNAs) can be packaged into exosomes for extracellular communication, however, 
the possible effects of exosomal circRNAs in epithelial ovarian cancer (EOC) cells with high metastatic potential 
have been rarely studied. In this study, we identified exosomal circRNA051239 from high-metastatic ovarian cancer 
SKOV3.ip cells and subsequently analyzed circRNA051239 levels in both EOC tissues and exosomes derived from 
plasma and cells by qRT-PCR. A variety of in vitro assays were employed to observe the effects of exosomal cir-
cRNA051239 derived from high-metastatic ovarian cancer SKOV3.ip cells on low-metastatic ovarian cancer SKOV3 
cells. Bioinformatics analysis and luciferase activity assays were further utilized to confirm the relationship between 
circRNA051239, miR-509-5p and PRSS3. As a result, circRNA051239 expression was increased in tissues and 
plasma exosomes from EOC patients. Moreover, si-circRNA051239-Exo (exosomes derived from circRNA051239 
knockdown SKOV3.ip cells) inhibited the proliferation, migration as well as invasion of SKOV3 cells. Mechanistically, 
circRNA051239 functioned as a competitive endogenous RNA (ceRNA) by sponging miR-509-5p to facilitate PRSS3 
expression. Exosomal circRNA051239 derived from high-metastatic ovarian cancer SKOV3.ip cells promoted the 
progression of low-metastatic ovarian cancer SKOV3 cells. Collectively, these outcomes implicated that higher meta-
static EOC cells can confer this potential to lower metastatic potential via exosomal circRNA051239, causing en-
hanced proliferative, migratory and invasive capacities in recipient cells.
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Introduction

Epithelial ovarian cancer (EOC) is the most 
prevalent malignancies of the reproductive 
tract in females, ranking the fifth cancer-asso-
ciated mortality in females, with a 5-year sur-
vival rate of approximately 47% [1]. EOC pa- 
tients are usually treated by first-line treatment, 
including optimal cytoreductive surgery and 
adjuvant chemotherapy [2, 3]. However, tradi-
tional treatment generally causes chemothera-
peutic resistance, ultimately leading to tumor 
recurrence and even death. Therefore, it is 
urgent to investigate and to identify novel mo- 
lecular mechanisms of ovarian cancer tumori-
genesis and progression to better control EOC.

Circular RNAs (circRNAs), unlike the better-
known linear RNA, are classified as novel 
endogenous noncoding RNAs, which form cova-
lently closed continuous loops without 5’ caps 

or 3’ tails [4]. As a novel type of RNA, circRNAs 
are single-stranded transcripts originating as 
exons, introns, or intergenic regions with endog-
enous expression [5, 6]. The rapidly developed 
bioinformatics and high-throughput sequencing 
have revealed a variety of circRNAs and their 
properties. Growing evidence implicates the 
involvement of circRNAs in the pathogenesis 
cardiovascular disorders [7], neurological dis-
eases [8], as well as tumors [9]. Moreover, cir-
cRNAs have been uncovered to affect tumori-
genesis as well as metastasis [10]. Current 
data indicate that circRNAs serve as a ceRNA  
to regulate tumor proliferation, apoptosis, and 
angiogenesis [11]. circRNAs have been recently 
revealed to interact with miRNAs by stably com-
plementary binding and serving as efficient 
miRNA sponges, thereby posttranscriptional 
modulating the expression of downstream tar-
get genes [12]. Despite the enriched and stable 
expression of circRNA in exosomes as indicated 
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by accumulative studies [13], it remains unde-
termined of functions and mechanisms of cir-
cRNA in EOC.

Exosomes are membrane vesicles released 
from various normal and tumor cells with diam-
eters of 30-100 nm [14]. The distribution of 
exosomes is found in almost all kinds of body 
fluids, including amniotic fluid, urine, blood, and 
malignant ascites [15]. Accumulative research-
es have shown that exosomes are critically 
involved in intercellular communication by de- 
livering a variety of proteins, lipids, circRNAs, 
and miRNAs to recipient cells [16]. Exosomes 
have also been shown to be involved in various 
disorders, including liver and neurodegenera-
tive diseases [17]. Emerging evidence has dem-
onstrated that tumor-derived exosomes play 
essential roles in tumor angiogenesis, extracel-
lular matrix remodeling, tumor migration, and 
metastasis [18, 19]. Various proteins, miRNAs 
or lncRNAs in exosomes are reported to have 
associations with cancer progression [20]. In 
addition, the enriched and stable circRNAs in 
exosomes are considered as promising bio-
markers in various cancers [13]. Finally, cir-
cRNAs may regulate cell communication th- 
rough exosomes in some cases by transferring 
miRNA between different cells [21]. Previous 
study suggested that exosomes derived from 
cells with high metastatic potential can pro-
motes invasive growth in low metastatic cancer 
cells [22]. Nevertheless, the role of exosomal 
circRNAs in EOC cells with high metastatic 
potential is still undefined.

Serine protease 3 (PRSS3), a member of the 
trypsin family of serine proteases, is mainly 
synthesized in pancreatic acinar cells. PRSS3 
has been strongly implicated in tumor growth 
and metastatic progression of cancers [23]. 
Ectopic expression of PRSS3 transcripts has 
also been reported in several epithelial cancer 
types [24, 25], including ovarian cancer [26]. 
Thus, investigating its molecular mechanism of 
action might shed light on the development of 
novel candidate drug targets in cancer.

In the present research, we identified cir-
cRNA051239 in tumor exosomes and further 
focused on the functions as well as underlying 
mechanisms in EOC cells. Consequently, we 
detected significantly enhanced expression of 
circRNA051239 in both ovarian cancer tissues 
and exosomes from ovarian cancer plasma. 
Moreover, circRNA051239 was contained in 

exosomes released by high-metastatic ovarian 
cancer SKOV3.ip cells, where it promoted prolif-
eration and stimulated migration as well as 
invasion in low-metastatic ovarian cancer SK- 
OV3 cells. Further mechanistic studies demon-
strated that circRNA051239 influenced PRSS3 
expression by sponging miR-509-5p. In conclu-
sion, our studies elucidated the mechanism 
underlying the promoting role of exosomal cir-
cRNA051239 on tumor progression in EOC  
and provided potential therapeutic targets for 
human EOC.

Materials and methods 

Cell culture and transfection

EOC cell lines SKOV3.ip, SKOV3, A2780, CAOV3 
and OVCAR3 were obtained commercially from 
ATCC, which were cultured in RPMI-1640 medi-
um or DMEM containing 10% FBS (Gibco, MA, 
USA) and 1% penicillin-streptomycin solution  
at 37°C in a humidified incubator containing  
5% CO2. miR-509-5p mimic, miR-509-5p inhibi-
tor, miRNA negative control mimic (NC mimic), 
miRNA negative control inhibitor (NC inhibitor), 
circRNA051239 siRNA and control siRNA were 
synthesized by RiboBio (Guangzhou, China). 
Lipofectamine 3000 (Invitrogen, USA) was uti-
lized for transfection accordingly, followed by 
cell collection at 24 h after transfection.

Human tissue

Thirty 30 EOC patients along 10 healthy volun-
teers without any malignancy were enrolled in 
this study from Peking University People’s 
Hospital (PUPH) from January 2018 to January 
2019. All EOC patients were not subject to  
any preoperative therapy. After tumor excision, 
fresh tissue was immediately placed into liquid 
nitrogen, and further stored at -80°C. In terms 
of plasma exosome isolation, 5 ml of total blood 
was extracted from every patient, followed by 
centrifugation at 3000 rpm for 20 min and stor-
age of plasma supernatant at -80°C for further 
assay. The study gained approval from Ethics 
Committee of PUPH, and written informed con-
sent was signed before specimen collection.

Isolation of exosomes from medium and 
plasma

Cell culture was centrifuged for 5 min at 500×g 
for discarding cells from the samples. The col-
lected supernatant was transferred to a new 
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polycarbonate tube, followed by centrifugation 
at 2000×g for 10 min to discard cells as well  
as other debris. Afterwards, the supernatant 
was then centrifuged at 10,000×g for 30 min 
for eliminating shed microvesicles, followed by 
supernatant collection and filtering with a 0.22-
μm membrane filter (Merck Millipore). After 
centrifugation at 100,000×g for 70 min at 4°C, 
exosomes were collected and resuspended in 
1×PBS, followed by storage at -80°C. The isola-
tion of exosomes from human plasma speci-
mens was performed using ExoQuick solution 
accordingly (System Biosciences, SBI, CA, USA). 
In brief, after centrifugation of plasma speci-
mens at 3000×g for 15 min, 63 μl of ExoQuick 
Exosome Precipitation Solution was mixed with 
250 μl of plasma sample. After incubation at 
4°C overnight and centrifugation at 1500×g for 
30 min at 4°C, PBS was used to resuspend 
exosome.

Transmission electron microscopy (TEM)

Exosome suspensions were fixed with 4% para-
formaldehyde (PFA) as well as 5% glutaralde-
hyde in 0.1 M PBS (pH 7.4) at 4°C for TEM 
assay. Briefly, exosome sample was dropped  
on a carbon film-coated transmission electron 
microscope grid, followed by incubation at 
room temperature (RT) for 5 min and subse-
quent observation by TEM (JEOL, Tokyo, Japan) 
at 100 KV.

PKH26 labeling of exosomes and exosome 
uptake into recipient cells

Exosomes isolated from culture medium of 
SKOV3.ip cells were labeled using a PKH26 red 
fluorescent labeling kit (Umibio, China) in line 
with standard protocols. To examine the uptake 
of exosomes into recipient SKOV3 cells, exo-
somes were incubated with PKH26 dye for 10 
min, followed by incubation with SKOV3 cells at 
37°C for 24 h. After rinsing with PBS for three 
times and fixing with 4% PFA at RT for 30 min, 
fixed cells were rinsed with PBS for three times, 
followed by nuclear staining by DAPI for 10 min 
(Invitrogen). Confocal laser scanning microsco-
py was applied to detect the cellular uptake and 
internalization of exosomes.

Microarray analysis

After purifying exosomes from SKOV3.ip and 
SKOV3 cells, total RNA was isolated by TRIzol 

LS (Thermo, USA) in accordance with the stan-
dard instruction. Specimen preparation as well 
as microarray hybridization were conducted 
based on standard protocols. In brief, after 
digestion of total RNA by RNase R, random 
priming was used to amplify and transcribe  
the enriched circRNAs into fluorescent cRNA 
(Arraystar Super RNA Labeling Kit), followed by 
hybridization of labeled cRNAs onto Arraystar 
Human circRNA Array V2 (8x15K, Arraystar). 
Agilent Scanner G2505C was used for array 
scanning after washing the slides, and Agilent 
Feature Extraction software was subsequently 
utilized for analyzing the array images.

Bioinformatics analysis

GO and KEGG pathway analysis was utilized  
to predict the functions of differentially ex- 
pressed (DE) circRNAs between two groups, fol-
lowed by prediction of circRNA/microRNA tar-
gets using miRanda and TargetScan software 
packages.

Luciferase reporter assay

The 3’-UTR of circRNA051239 and PRSS3  
containing miR-509-5p binding sites were sub-
jected to PCR amplification, followed by cloning 
into the pmirGLO luciferase vector (Promega, 
USA) to generate the wild-type 3’-UTR lucifer-
ase reporters (circRNA051239 WT or PRSS3 
WT). The mutant 3’-UTR luciferase reporters 
(circRNA051239 Mut or PRSS3 Mut) with mu- 
tations in several key bases were prepared by 
the same approach. For the luciferase reporter 
assay, after inoculating in a 96-well plate, EOC 
cells were cotransfected with WT or mutant 
3’-UTR luciferase reporters and miR-509-5p 
mimics or negative controls using Lipofectamine 
3000. Cells were collected after 48 h, followed 
by luciferase activity assessment by Luciferase 
Reporter System (Promega). Each experiment 
was performed three times.

Nuclear-cytoplasmic fractionation

The cytoplasm and nucleus of SKOV3 cells 
were isolated with Nuclear and Cytoplasmic 
Extraction Reagents (Thermo Scientific). The 
analysis of extracted RNA from the cytoplas- 
mic and nuclear fractions was conducted by 
RT-qPCR. GAPDH and U6 were utilized as an 
internal control for cytoplasm and nucleus, 
respectively.
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Fluorescence in situ hybridization analysis 
(FISH)

Cy5-labeled circRNA051239 (5’-TGTCCATTA- 
GCTCCTTGGAGGTACAGGACAGC-3’) (BersinBio, 
Guangzhou, China) was utilized for investi- 
gating circRNA051239 localization in ovarian 
cancer cells. FISH was conducted by a Fluo- 
rescence in Situ Hybridization Kit (Geneseed, 
Guangzhou, China) based on relevant protocol. 
Cells were fixed with 4% PFA for 20 min, rinsed 
with PBS as well as permeabilized with 0.5% 
Triton X-100 for 10 min. In situ hybridization 
was performed overnight at 37°C with a FISH 
probe in the hybridization solution. Subse- 
quently, the slide was washed with SSC buffer. 
Cell nuclei were stained with DAPI (BOSTER, 
China). ZEISS LSM800 Confocal Microscope 
(Carl Zeiss AG, Germany) was employed to cap-
ture images.

Cell counting kit-8 assay (CCK-8)

Cell proliferation was determined by CCK-8 
assay (Dojindo, Kumamoto, Japan). First, 3000 
cells were inoculated into 96-well plates, add- 
ed with 10 μL of CCK-8 reagent after 24 h and 
subsequent culture at 37°C. At different time 
points, the OD level was determined using a 
microplate reader at 450 nm.

5-EdU incorporation assay

An EdU assay kit (RiboBio) was utilized for cell 
proliferation. First, 10,000 treated EOC cells 
were inoculated into 96-well plates overnight. 
Edu solution (25 μM) was added and incubated 
for 24 h. EOC cells were subsequently fixed with 
4% formalin at RT for 2 h, permeabilized by 
0.5% Triton X-100 for 10 min. After incubation 
with Apollo staining solution (RiboBio) for 20 
min and subsequent incubation in DAPI (200 
μL), cells were imaged with a fluorescence 
microscope.

Wound-healing assay

Cells were inoculated into 6-well plates in  
complete medium and cultured at 37°C. After 
reaching 95% confluence, cells were scraped 
with a 100-mL sterile pipette tip and rinsed 
with PBS twice for discarding the suspend- 
ed cells. Images were photographed in three 
defined fields at 0 h and 24 h.

Transwell migration and invasion assay

Invasion assay was examined using 24-well 
Matrigel-coated chambers (BD Biosciences, 
CA, USA), and migration assay was performed 
similarly using Matrigel-uncoated chambers. A 
total of 5×103 cells in serum-free RPMI-1640 
were seeded into the top chamber. Exosomes 
were added to the bottom chamber, with com-
plete RPMI-1640 medium as control. After incu-
bating for 24 h, the migrated or invaded cells 
transferred to the lower chambers were fixed 
with 4% PFA and were subjected crystal vio- 
let, followed by counting and photography of 
cells under an inverted microscope (Olympus, 
Japan). All assays were performed in three 
replicates.

RNA extraction as well as quantitative RT-PCR 
(qPCR)

TRIzol reagent (Invitrogen) was utilized to ex- 
tract total RNA from cells as well as tissues, 
and exosomal RNAs from cells and plasma 
were isolated utilizing TRIzol LS (Thermo, USA). 
First-strand cDNA was synthesized by Prime- 
Script RT Reagent Kit with gDNA Eraser (Takara, 
Japan). Reverse transcription and qPCR were 
conducted by RNA-direct SYBR Realtime PCR 
Master Mix (Toyobo, Japan). GAPDH or U6 were 
taken as an internal control for circRNAs and 
miRNAs. 2-ΔΔCt method was utilized for calcu-
lating relative expression. All specimens were 
analyzed in triplicate.

Western blot (WB)

Cells and tissues were lysed in RIPA lysis buffer 
(Beyotime, Beijing, China) containing protease 
inhibitor cocktail (Roche, CA, USA). Total pro- 
tein was separated by 10% SDS-PAGE, trans-
ferred to PVDF membranes (Millipore) and 
blocked with 5% BSA at RT for 1 h. The mem-
branes were reacted with anti-PRSS3 (1:1,000, 
Abcam), anti-GAPDH, anti-CD63 and anti-CD81 
(dilution 1:1000, Abcam) at 4°C overnight. After 
reacting with corresponding secondary anti-
bodies at RT for 1 h, the membranes were visu-
alized with an ECL kit (Millipore).

Statistical analysis

SPSS 17.0 software package (Chicago, IL, USA) 
and GraphPad Prism version 6.0 (GraphPad 
Software) were employed for statistical analy-
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sis. Student’s t test, one-way ANOVA as well  
as chi-square test were used for comparison. 
Data were shown as mean ± standard devia-
tion (SD). P values < 0.05 implicated statistical 
significance.

Results

The identification and features of tumor-de-
rived exosomal circRNA051239

In previous study, SKOV3.ip cells were much 
more tumorigenic and invasive than SKOV3 

cells. Thus, we assessed the circRNA ex- 
pression profile in exosomes from SKOV3.ip 
and SKOV3 cells using Arraystar Human cir- 
cular RNA Microarrays. The entire screening 
workflow was displayed in Figure 1A. The  
morphology as well as size of extracted exo-
somes were observed by TEM. Most exosomes 
were within 100 nm in diameter, consistent 
with the typical exosomal size (Figure 1B). 
Moreover, exosomal markers (CD81 and CD63) 
were also clearly detectable in both groups 
(Figure 1C).

Figure 1. The identification and features of circRNA in tumor exosomes. A. Schematic screening workflow of circRNA 
candidates. B. TEM image of exosomes isolated from SKOV3.ip (high-metastatic ovarian cancer cell) and SKOV3 
(low-metastatic ovarian cancer cell) cell lines. C. Exosomes from culture media were examined by WB (CD63 and 
CD81). D. SKOV3 cells were treated with 5 μg of PKH26-labeled exosomes (red) derived from SKOV3.ip cells. The 
nuclei were visualized by DAPI staining. Red: PKH26; Blue: DAPI (nuclei). Confocal microscopy was used to image 
fluorescent cells. E. Heat map of differentially expressed circRNAs. ‘Red’ and ‘green’ indicates high and low relative 
expression, respectively. F. The top five upregulated and down-regulated circRNAs.
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To investigate the uptake and internalization  
of ovarian cancer-derived exosomes into recipi-
ent cells, SKOV3 cells (low-metastatic poten-
tial) were treated with PKH26 red fluorescence-
labeled exosomes derived from parental SK- 
OV3.ip (high-metastatic potential). As illustrat-
ed in Figure 1D, exosomes from SKOV3.ip cells 
were significantly absorbed by SKOV3 cells, 
revealing that exosomes derived from SKOV3.ip 
cells were more susceptible to be absorbed by 
SKOV3 cells.

There was obvious dysregulation of exosomal 
circRNAs in ovarian cancer (Figure 1E). Ten sig-
nificantly DE circRNAs (five up-regulated and 
five down-regulated) were selected in ovarian 
cancer group based on raw microarray signals 
as well as fold changes (Figure 1F). GO and 
KEGG pathway analysis demonstrated that 
these DE circRNAs were related to multiple sig-
naling pathways as well as biological functions 
(Figure 2A-D).

qPCR was utilized to assess the levels of 10  
circular RNAs in EOC tissues, showing signifi-
cant up-regulation of circRNA051239 in ovari-
an cancer tissues than normal controls (Figure 
3A and 3B). circRNA051239 was further in- 
vestigated by first analyzing the levels of exo-
somal circRNA051239 in plasma from 10 nor-
mal controls and 30 EOC patients. As a result, 
the level of circRNA051239 was significantly 
increased in plasma exosomes from ovarian 
cancer patients (Figure 3C).

To investigate the roles of circRNA051239 in 
EOC, circRNA051239 expression was determin- 
ed in a set of EOC cells. Increased levels of cir-
cRNA051239 were detected in SKOV3.ip, SK- 
OV3, OVCAR3, A2780, and CAOV3 cells (Figure 
3D). Among them, the highest expression of cir-
cRNA051239 was observed in SKOV3.ip cells. 
FISH as well as nuclear-cytoplasmic fraction-
ation analysis were utilized to examine subcel-
lular localization of circRNA051239, showing 
that cytoplasm was the major location of cir-
cRNA051239 (Figure 3E and 3F). Collectively, 
the above outcomes implicated that circRNA- 
051239 can function as miRNA sponges at the 
posttranscriptional level.

Exosomal circRNA051239 regulates prolifera-
tion, migration as well as invasion in ECO cells

We predicted that exosomal circRNA051239 
derived from SKOV3.ip cells was able to alter 

the biological functions of SKOV3 cells. To es- 
tablish functions of exosomal circRNA051239, 
we isolated exosomes from SKOV3.ip cells 
transfected with circRNA051239 siRNA or NC 
siRNA, namely, si-circRNA051239-Exo or NC- 
Exo. The suppression efficiency of si-circRNA- 
051239-Exo in SKOV3 cells was confirmed  
by qRT-PCR, revealing that si-circRNA051239-
Exo suppressed the expression levels of cir-
cRNA051239 in SKOV3 cells (Figure 3G) and 
decreased SKOV3 cell proliferation (Edu assay 
and CCK-8 assay) in comparison with NC exo-
somes group (Figure 4A-C). Furthermore, si-
circRNA051239-Exo inhibited the invasive and 
migratory abilities of SKOV3 cells (Figure 5A-F). 
These findings implicated that exosomal cir-
cRNA051239 could modulate proliferation, 
migration as well as invasion of EOC cells.

Exosomal circRNA051239 regulates PRSS3 
expression via miR-509-5p

Bioinformatics analysis revealed complemen-
tary binding sites of miR-509-5p with circRNA- 
051239 (Figure 6A). To further validate wheth-
er miR-509-5p could directly bind with cir-
cRNA051239, luciferase reporter assay was 
performed with WT or mutant circRNA051239 
3’-UTR luciferase vector (circRNA051239 WT  
or circRNA051239 Mut) in SKOV3 cells. Con- 
sequently, miR-509-5p mimic treatment sig- 
nificantly attenuated the luciferase activity of 
WT circRNA051239 (circRNA051239-WT), ra- 
ther than that of mutant circRNA051239 (cir-
cRNA051239-Mut), in both SKOV3 cell lines 
(Figure 6B).

For further validation on the interaction of  
miR-509-5p with circRNA051239, we found 
that si-circRNA051239-exo could significantly 
increase miR-509-5p expression in SKOV3 ce- 
lls (Figure 6C). si-circRNA051239-Exo/NC-Exo 
was added to SKOV3 cells to detect PRS- 
S3 expression. Interestingly, si-circRNA051239-
Exo also inhibited PRSS3 expression in SKOV3 
cells by qPCR and WB (Figure 6D-F). Moreover, 
miR-509-5p expression was obviously attenu-
ated in plasma exosomes in EOC patients as 
well as SKOV3.ip cells (Figure 6G and 6H). 
Thus, circRNA051239 might function as a 
sponge against miR-509-5p in EOC cells.

Moreover, we exploited the possible target 
genes of miR-509-5p in EOC. Consequently, 
PRSS3 was predicted as a direct target of miR-
509-5p using TargetScan tool (Figure 7A), vali-



Role of exosomal circRNA051239 in epithelial ovarian cancer

1131 Am J Transl Res 2021;13(3):1125-1139

Figure 2. GO and KEGG analysis demonstrated that the predicted target genes of these circRNAs were involved in multiple biological processes and signaling path-
ways. Functional annotation of target genes upregulated (A) and downregulated (B) by circRNAs (GO analysis). Pathways corresponding to the upregulated (C) and 
downregulated (D) target genes.
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Figure 3. Overexpression of circRNA051239 in EOC tissue and cells. A. Five circRNAs, circRNA051239, cir-
cRNA051238, circRNA080719, circRNA054220, and circRNA059571, were validated in EOC tissues by qRT-PCR. 
B. Five circRNAs, circRNA001530, circRNA400043, circRNA044097, circRNA029031, and circRNA067161, were 
validated in EOC tissues by qRT-PCR. C. The expression levels of exosomal circRNA051239 in plasma samples from 
10 pairs of normal controls and 30 EOC patients by qRT-PCR. D. The relative expression levels of the exosomal 
circRNA051239 in EOC cell lines (SKOV3.ip, SKOV3, CAOV3, OVCAR3 and A2780) by qRT-PCR. E. Localization of 
circRNA051239 in SKOV3.ip cells by FISH. F. The subcellular location of circRNA051239. G. The expression of cir-
cRNA051239 was examined in SKOV3 cells after treatment with NC-Exo and si-circRNA051239-Exo derived from 
SKOV3.ip cells by qRT-PCR. Results were shown as mean ± SD. *P < 0.05, **P < 0.01.

Figure 4. Exosomes derived from circRNA051239 knockdown SKOV3.ip cells suppressed SKOV3 cell proliferation in 
vitro. A, B. Cell proliferation of SKOV3 cells was observed through EdU assay after treatment with exosomes derived 
from circRNA051239 knockdown SKOV3.ip cells. C. The proliferation rate of SKOV3 cells was assessed after treat-
ment with exosomes derived from circRNA051239 knockdown SKOV3.ip cells by CCK-8. Data were shown as mean 
± SD. *P < 0.05, **P < 0.01.
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dated by luciferase reporter assay. Luciferase 
activity was markedly attenuated in SKOV3 
cells when cotransfected with miR-509-5p 
mimics and WT PRSS3 vectors (PRSS3 WT) but 
was unchanged when cotransfected with miR-
509-5p mimics and mutant PRSS3 vectors 
(PRSS3 Mut) (Figure 7B). In addition, we detect-
ed the mRNA levels of miR-509-5p and PRSS3 
in SKOV3 cells with miR-509-5p mimics-Exo 
and miR-509-5p Inhibitor-Exo derived from 
SKOV3.ip cells. qRT-PCR revealed that miR-
509-5p expression was elevated in SKOV3 
cells after treatment with mimics-Exo and was 
decreased in SKOV3 cells following miR-509-
5p inhibitor treatment (Figure 7C). Additionally, 

the expression of PRSS3 was decreased in 
SKOV3 cells following mimics-Exo treatment, 
but was increased following miR-509-5p inhi- 
bitor treatment (Figure 7D). WB data show- 
ed that miR-509-5p mimics-Exo significantly 
decreased PRSS3 protein expression in SKOV3 
cells (Figure 7E and 7F), further implicating 
that PRSS3 was a direct target of miR-509-5p 
in EOC cells.

Discussion

Ovarian cancer is a major gynecologic cancer 
worldwide, with complex and multifactorial eti-
ology. Here, microarray analysis identified cir-

Figure 5. Exosomes derived from circRNA051239 knockdown SKOV3.ip cells suppressed SKOV3 cell migration as 
well as invasion. A, B. Representative images of the wound-healing assay in SKOV3 cells after treatment with NC-Exo 
and si-circRNA051239-Exo derived from SKOV3.ip cells at 0 h and 24 h, respectively. C, D. Transwell migration assay 
was employed for SKOV3 cell migration following treatment with NC-Exo and si-circRNA051239-Exo derived from 
SKOV3.ip cells. E, F. Invasion of SKOV3 cells after treatment with NC-Exo and si-circRNA051239-Exo derived from 
SKOV3.ip cells was detected by Transwell invasion assay. Data were shown as mean ± SD. *P < 0.05, **P < 0.01.
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Figure 6. CircRNA051239 targeted miR-509-5p as a miRNA sponge. A. Binding sites of miR-509-5p in 3’-UTR of 
circRNA051239. B. Luciferase reporter assays were performed following transfection with miR-NC or miR-509-5p. 
C, D. The expression of miR-509-5p and PRSS3 was examined in SKOV3 cells after treatment with NC-Exo and si-
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cRNA051239 from high-metastatic ovarian 
cancer SKOV3.ip cells and demonstrated the 

up-regulation of circRNA051239 in ovarian 
cancer tissue as well as plasma exosomes. 

circRNA051239-Exo derived from SKOV3.ip cells by qRT-PCR. E, F. Detection of PRSS3 protein expression in SKOV3 
cells following treatment with NC-Exo and si-circRNA051239-Exo derived from SKOV3.ip cells by WB. G. qRT-PCR 
analysis was performed to examine the expression of exosomal miR-509-5p in EOC tissues and normal tissues was 
examined by qRT-PCR. H. Exosomal miR-509-5p expression was detected in five EOC cell lines (SKOV3.ip, SKOV3, 
CAOV3, OVCAR3 and A2780). Data were shown as mean ± SD. *P < 0.05, **P < 0.01.

Figure 7. PRSS3 was a target of miR-509-5p. A. Predicted miR-509-5p-binding sites in PRSS3 3’-UTR. B. Relative 
luciferase activity of SKOV3 cells cotransfected with either WT or Mut PRSS3 3’-UTR reporter along with either miR-
509-5p mimic or miR-NC (control). C. Quantification of miR-509-5p expression in SKOV3 cells after treatment with 
miR-509-5p mimic-Exo or miR-509-5p inhibitor-Exo derived from SKOV3.ip cells by qRT-PCR. D. Relative expression 
of PRSS3 in SKOV3 cells after treatment of miR-509-5p mimic-Exo or miR-509-5p inhibitor-Exo derived from SKOV3.
ip cells by qRT-PCR analysis. E, F. Detection of PRSS3 protein expression in SKOV3 cells following treatment with 
miR-509-5p mimic-Exo or miR-NC-Exo by WB. Data were hown as mean ± SD. *P < 0.05, **P < 0.01.
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Additionally, the study showed that exosomes 
derived from high-metastatic ovarian cancer 
cells could transfer circRNA051239 into low-
metastatic ovarian cancer cells, which signifi-
cantly promoted the malignant behaviors of 
ovarian cancer cells by increasing proliferation, 
invasion and migration abilities. In addition, fur-
ther study revealed that exosomal circRNA- 
051239 stimulated the expression of PRSS3 in 
ovarian cancer by sponging miR-509-5p.

Recently, increasing studies have indicated 
that dysregulated noncoding RNAs, including 
miRNAs, lncRNA, and some circRNAs, are ex- 
pressed in multiple types of cancers, including 
ovarian cancer. circRNAs participate in many 
cellular processes. Despite obscure roles of 
the majority of circRNAs, mounting evidence 
has revealed that deregulation of circRNAs  
can act as tumor suppressors or oncogenes, 
thereby affecting cell proliferation, migration as 
well as metastasis in human tumors [27, 28]. 
Additionally, circRNAs can sponge miRNAs and 
function as ceRNAs to regulate gene expres-
sion in various types of cells [29, 30].

Exosomes are small membranous vesicles  
with endocytic origin. To date, accumulated evi-
dence has shown that exosomes act as biologi-
cal delivery vehicles during cell-cell communi-
cation due to the various contained lipids, miR-
NAs, circRNAs and proteins. Many studies sug-
gest that factors in exosomes can promote 
tumor initiation, development, and progression. 
Exosomes derived from diverse kinds of donor 
cells affect cell growth and metastasis, which 
is suggestive of material exchange between 
donor and recipient cells [31, 32]. In addition, 
exosomal circRNAs have been identified to pro-
mote tumor progression, suggesting that exo-
somal circRNAs can be potential biomarkers for 
cancers [33]. Mounting researches have vali-
dated the stable and abundant distribution of 
circRNAs in exosomes. However, the role of 
exosomal circRNAs in EOC cell lines with differ-
ent metastatic potential remains insufficiently 
explored.

circRNA051239 was enriched in tissues of 
ovarian cancer patients in our study. Ovarian 
cancer patients have significantly increased 
levels of plasma exosomal circRNA051239 
than normal controls, suggesting exosomal cir-
cRNA051239 as a possible diagnostic marker 
for ovarian cancer. The functional effects of 
exosomal circRNA051239 were further con-

firmed in recipient cells. Our results showed 
that exosomes from circRNA051239 knock-
down ovarian cancer SKOV3.ip cells significant-
ly suppressed the invasion, migration and pro-
liferation of recipient SKOV3 cells, suggesting 
that EOC-derived exosomes could enhance 
tumor growth and metastasis by transmitting 
circRNA051239. Hence, our findings suggest 
that circRNA051239 is directly transported 
from high-metastatic cells to low-metastatic 
cells via exosomes and regulates the biological 
functions of ovarian cancer in vitro.

The function of exosomal circRNAs has been 
well-investigated in cancers. For example, the 
tumor-released exosomal circRNA PDE8A might 
a promising diagnostic and progressive marker 
in pancreatic cancer, which aggregates inva-
sion via miR-338/MACC1/MET pathway in pan-
creatic cancer [20]. Additionally, exosomal cir-
cRNAs secreted from adipocytes were trans-
ferred into recipient tumor cells in vitro and in 
vivo, thereby promoting tumor growth and 
decreasing DNA damage via miR-34a inhibition 
as well as USP7/Cyclin A2 signaling pathway 
activation in recipient cells [34].

To further explore the effects of circRNA051- 
239 in EOC, we determined the location of cir-
cRNA051239 in EOC cells (cytoplasm). Cyto- 
plasmic circRNAs, as well as long noncoding 
RNAs (lncRNAs) are revealed to act as miRNA 
sponges to indirectly modulate targeted mRNA 
expression. Bioinformatics analysis revealed 
that circRNA051239 shared miR-509-5p res- 
ponse elements with PRSS3. Luciferase report-
er assay validated that circRNA051239 func-
tioned as a ceRNA of miR-509-5p. miR-509-5p 
has been previously uncovered to significantly 
enhance or suppress proliferation invasion as 
well as migration of pancreatic cancer cells 
[35]. In our study, comprehensive bioinformat-
ics along with the luciferase reporter assay 
confirmed that PRSS3 was a direct functional 
target of miR-509-5p in EOC cells. Exosomal 
transportation is a highly reliable cell-cell com-
munication method. These findings implicated 
that circRNA051239 derived from high-meta-
static SKOV3.ip cells enhanced the metastatic 
abilities of low-metastatic SKOV3 cells by 
affecting the miR-509-5p-PRSS3 pathway of 
recipient cells.

Several limitations exist in our research. Firstly, 
we screened out the circRNA051239 from 
ovarian cancer cell-derived exosomes, instead 
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of the generally-used tumor tissues, which can 
cause a smaller individual bias in microarray 
study. Secondly, our results showed that plas-
ma exosomal circRNA051239 levels in EOC 
patients were increased than those of normal 
controls. However, the correlations of exoso- 
mal circRNA051239 expression in plasma with 
tumor grade, stage or prognosis of EOC patients 
remain unclear. Thus, we should further evalu-
ate the prognostic and diagnostic value of cir-
culating exosomal circRNA051239 in EOC in a 
large-scale set of clinical samples. Because 
many circRNAs can be easily detected in clini-
cal practice, we believe that exosomal circRNAs 
might be proper and reliable biomarkers in 
EOC.

In our study, circRNA051239 was identified 
from ovarian cancer cell-derived exosomes. We 
demonstrated the up-regulation of circRNA- 
051239 expression in tumor tissue as well as 
plasma exosomes in EOC patients. Exosome-
mediated transfer of circRNA051239 can pro-
mote ovarian cancer cell proliferation and mig- 
ration. In addition, exosomal circRNA051239 
from high-metastatic cells could impact low-
metastatic cells by regulating PRSS3 levels by 
competing for miR-509-5p in recipient cells, 
leading to EOC progression. In conclusion, th- 
ese findings suggest that exosomal circRNAs 
function as messengers in intercellular commu-
nication, which also implicate another possible 
mechanism for ovarian cancer therapy.
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