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Background: Adolescent ovarian cancer (OC) has high malignancy. Long non-coding RNAs (lncRNAs) have been implicated in
the pathogenesis of various malignancies, but their role in adolescent OC remains poorly understood. This study aims to assess
the modulatory role of Exosome-transmitted lncRNA Actin filament-associated protein 1 Antisense RNA 1 (AFAP1-AS1) on the
activity of OC cells.
Methods: We recruited a cohort of 40 adolescent patients diagnosed with OC and a control group of 40 healthy individuals.
Serum samples were collected from both groups prior surgical intervention. Exosomes from peripheral blood and ascites were
collected via differential centrifugation. The expression levels of AFAP1-AS1 in OC tissues and cell lines (IOSE-80, CAOV3, and
SKOV3) were quantified using quantitative reverse-transcription polymerase chain reaction (qRT-PCR). The exosomal particle
size and surface markers were characterized through nanoparticle tracking analysis and transmission electron microscopy. Fur-
thermore, siRNA-mediated knockdown of AFAP1-AS1 was performed in IOSE-80, CAOV3, and SKOV3 cell lines. Functional
assays, including wound-healing experiments and Transwell migration assays, were conducted to evaluate cellular migration and
metastasis.
Results: Our findings demonstrate that the expression ofAFAP1-AS1 is significantly upregulated inOCpatients’ serum exosomes
and ascitic fluid, correlating with unfavorable pathological features such as advanced federation international of gynecology and
obstetrics (FIGO) stage and larger tumor diameter. In-vitro experiments revealed that OC cell lines and primary human OC cells
showed enhanced proliferation and metastasis when exposed to ascites-derived exosomes enriched in AFAP1-AS1. Importantly,
we observed that AFAP1-AS1 can be transmitted to neighboring cells via exosomal pathways. Additionally, exosomes isolated
from ascites treated with siRNA targeting AFAP1-AS1 can inhibit cellular migration and invasion.
Conclusions: Our data provide evidence for the oncogenic role of AFAP1-AS1, which is transmitted via exosomes. This find-
ing has significant implications for understanding the molecular mechanisms of AFAP1-AS1 in the pathogenesis of adolescent
ovarian cancer.

Keywords: adolescent ovarian cancer; exosomes; lncRNA AFAP1-AS1; cell metastasis; cell migration; invasion

Introduction

Ovarian cancer (OC) is one of the common tumors
of female reproductive organs [1,2]. The incidence of OC
in children and adolescents, defined as females under 19
years old, is markedly lower compared to adults, constitut-
ing approximately 5%–10% of all cases [3]. Approximately
75%–90% of these cases in adolescents are benign, while
the remaining 10%–25% are either malignant or borderline
tumors [4–6]. Research indicates that despite its low inci-
dence, the tumor’s growth rate and malignancy are gener-
ally higher in adolescents than in adults. Notably, younger
age is correlated with a higher proportion of malignant tu-
mors [7]. The larger the tumor diameter, the greater the
probability of malignancy [8].

Moreover, OC can also be associated with complica-
tions such as pedicle torsion, which can affect all age groups
but is more frequent among restless children and adoles-
cents. The incidence of pedicle torsion in this age group
is around 4.9 per 100,000. Immediate surgical intervention
is critical upon the diagnosis of torsion, or OC. However,
if ovariectomy is performed at this time, it will affect their
long-term life to a certain extent [9]. In recent years, im-
munotherapy has emerged as a promising treatment modal-
ity for various tumors [10]. Personalized immunotherapy
strategies, tailored based on the tumor immune environ-
ment, are rapidly evolving, particularly those that involve
delivering tumor-specific antigens or immunomodulators
[11,12].
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Exosome (Exo) are small extracellular vesicles (EVs)
with a diameter ranging from 30 to 150 nm, generated via
inward budding of the multivesicular body (MVB) within
the endosomal pathway [13]. Originating from various cell
types, exosomes can be released into various circulatory
systems, such as the bloodstream, humoral system, and
lymphatic system. They encapsulate a wide array of unique
proteins, such as Tumor Susceptibility Gene 101 (TSG101)
and the tetraspanin CD9, along with various nucleic acids
like long non-coding RNAs (lncRNAs), microRNAs, mR-
NAs, and DNA [14,15]. Exosomes function as molecular
couriers in intercellular communication, transmitting sig-
naling molecules to other cells via receptor-ligand interac-
tions or through membrane fusion [16]. Actin filament-
associated protein 1 Antisense RNA 1 (AFAP1-AS1), a 6.8
kb lncRNA, is located on chromosome 4p16 1. However,
its potential role as an exosome-carried molecule in the ma-
lignant transformation of adolescent OC remains underex-
plored. This study aims to investigate the regulatory effects
of secreted AFAP1-AS1 on adolescent OC cells’ malignant
phenotype and elucidate its mechanistic role in cellular mi-
gration and invasion.

Materials and Methods

Peripheral Blood Samples and Ascites Samples
A total of 40 adolescent OC patients who underwent

surgery in Shaoxing Keqiao District Maternal and Child
Health Hospital from June 2017 to September 2020 were
enrolled for this study. None of the patients had received
chemotherapy, immunotherapy, preoperative neoadjuvant
radiotherapy, or other adjuvant therapies before surgery.
Postoperative pathology analysis confirmed diagnosis of
adolescent OC. As a control, 40 healthy subjects were also
included in the study. From each participant, 2 to 3 mL
of venous blood was collected. Informed consent was ob-
tained from all subjects to collect and use ascites samples.
This study was approved by the Ethics Committee of Ethics
Committee of Keqiao District Maternal and Child Health
Hospital (kqfby20200923), conducted in accordance with
the official regulations for clinical research and the Decla-
ration of Helsinki.

Extraction and Identification of Exosomes from
Ascitic and Peripheral Blood Samples

The patient’s blood samples were centrifuged at 1500
×g for 15 min at 4 °C. The collected supernatant (2.5 mL
serum) was centrifuged at 12,000 ×g for 30 min at 4 °C
and then ultracentrifuged at 110,000 ×g for 2 h at 4 °C.
The precipitate containing total exosomes was resuspended
in 2.5 mL of phosphate-buffered saline (PBS), followed
by ultracentrifugation at 110,000 ×g for 2 h at 4 °C. The
precipitate was resuspended in 0.2 mL of PBS. After the
collection of ascites specimens, the centrifugation proce-
dure was the same as for peripheral blood specimens. Ex-
tracted exosomes were then validated using Western blot

analysis with antibodies targeting exosomal markers CD63
(ab134045, Abcam, Cambridge, UK), CD9 (ab236630, Ab-
cam, Cambridge, UK) and tumor susceptibility gene 101
protein (TSG101) (ab125011, Abcam, Cambridge, UK).

Isolation and Culturing of Human Primary OC Cells
OC tissues were washed 3 times in PBS containing

10% double antibodies for 5 minutes each. After removing
impurities by rinsing the tissues in culture medium, they
were fractionated into 0.5~1 mm3 fragments and cultured
in primary cell culture medium. The medium was replaced
after 3 days during incubation at 37 °C in a 5% CO2 atmo-
sphere. Upon achieving a 80–90% cell density, cells were
passaged using trypsin digestion until the fibroblasts were
no longer observable to the naked eye and were able to con-
tinue passaging for stable growth. The resulting cell lines
were authenticated using DNA-based methods and veri-
fied against the International Committee for Cell Line Ac-
creditation (ICLAC) database for cross-contamination and
misidentification.

Cell Culture
OC cells CAOV3 and SKOV3, and the human normal

ovarian epithelial cell IOSE-80, were purchased from the
Cell Bank of the Chinese Academy of Sciences. Cells were
cultured under standard conditions: 5% CO2, 37 °C, and
95% humidity. The culture medium used was Dulbecco’s
Modified Eagle Medium (DMEM)/F12 supplemented with
10% fetal bovine serum (FBS) (C0235, Invitrogen, Carls-
bad, CA, USA). The genetic characteristics of all cell lines
were identified using short tandem repeat (STR) analysis
[17], all cells have been tested for mycoplasma without cell
contamination.

Identification of Human Primary OC Cells by
Immunofluorescence Assay

The primary OC cells were cultured to log phase
and enzymatically digested using 0.4%membrane protease.
The cells were then seeded in six-well plates at 10,000
cells per well and incubated overnight at 37 ℃ in a 5%
CO2 environment. The following day, cells were washed
twice with phosphate-buffered saline (PBS) and fixed for
15 minutes using 2% paraformaldehyde. Cells were then
blocked using 10% homologous secondary antibody serum
for 30 minutes, followed by an overnight incubation at
4 °C with primary antibody. Post-incubation, cells were
washed thrice with PBS for 3 minutes each and incubated
for 1 hour with a secondary antibody. After adding 4’6-
diamidino-2-phenylindole (DAPI) for 15 minutes and ad-
ditional PBS washing, slides were prepared and observed
under a fluorescence microscope (Olympus IX71, Shang-
hai Laishi Electronics, Shanghai, China).

Transmission Electron Microscopy
The exosome samples were prepared for transmis-

sion electronmicroscopy (TEM) using the negative staining
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Fig. 1. Long non-coding RNA (lncRNA) Actin filament-associated protein 1 Antisense RNA 1 (AFAP1-AS1) level in exosomal
specimens from patients with ovarian cancer (OC). (A,B) Transmission electron microscopy of the morphology of the patient’s ascites,
exosomes extracted from peripheral blood in a circular-like bilayer stereo membrane structure with nanoparticle tracking analysis of
particle size ranging from 50–200 nm. Scale bar: 200 nm. (C) Western blot was performed to detect the expression of marker proteins in
two cases of peripheral blood exosomes and two cases of exosomes extracted from ascites, and it was found that the Tumor Susceptibility
Gene 101 (TSG101) and CD63 were positively expressed in the exosomes extracted from ascites. ***p < 0.001, compared with the
serum-exosome (Exo) group/ascites-exo group. GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

method, as previously described [18]. Briefly, 10 µL of ex-
osome solution dissolved in PBS was added dropwise onto
a 2 nm copper grid and air-dried at room temperature. Sub-
sequently, 20 µL of 3% phosphotungstic acid was added
for negative staining. Samples were observed and pho-
tographed using a MEGAVIEWG2 TEM system (HT7800,
Thermo Fisher Scientific, Waltham, MA, USA).

Nanoparticle Tracking Analysis

Nanoparticle tracking analysis (NTA) was used to de-
tect exosome particle size and concentration. The scattered
light signals from exosomes were collected by microscopy,
and the Brownian motion of exosomes was tracked and
recorded to calculate the exosomes particle size and con-
centration. All samples were measured using NP100 mem-
branes with 44.5 mm and 0.64 V parameters. The exosome
solution was diluted 100 times and filtered through a 0.22
µm filter (033022, Nuowei Biology, Beijing, China), and
the particle size distribution of exosomes was measured us-
ing the instrument.

RNA Extraction and qRT-PCR

RNA extraction and quantitative reverse-transcription
polymerase chain reaction (qRT-PCR) detection of exo-
somal RNA were performed according to Trizol⁃LS in-

structions (10296028, Invitrogen, Carlsbad, CA, USA). A
Thermo ultra-micro UV spectrophotometer was employed
for concentration measurement. RNA samples were stored
at –80 °C and reverse transcribed using the Prime Script™
one-step RT-PCR kit (RR064A, Takara, Shanghai, China).
Reverse transcription reaction conditions: (i) 37 °C, 15min;
(ii) 85 °C, 5 s; (iii) 4 °C, continuous; the reaction solution
obtained was diluted 10 times for subsequent experiments.
qRT-PCR was performed on a Light Cycler 480 detection
system (Verison 1.5, Roche, Basel, Switzerland), and the
data obtainedwere analyzed by 2−∆∆CT, and each set of ex-
periments was repeated three times. LncRNA AFAP1-AS1
primer sequence: F:5′-AATGGTGGTAGGAGGGAGGA-
3′; R:5′-CACACAGGGGAATGAAGAGG-3′.

Western Blot

Cells and exosomes were lysed using RIPA buffer
(Bicinchoninic Acid Assay, BCA) containing a protease in-
hibitor Cocktail (Sigma, St. Louis, MO, USA). The lysates
were incubated on ice for 30 minutes and centrifuged at
13,000 rpm for 10 minutes, and the supernatant was col-
lected. Subsequently, a 10% sodium dodecyl sulfate-
polyacrylamide gel electropheresis (SDS-PAGE) gel was
prepared for electrophoresis to separate proteins. These
proteins were then transferred onto polyvinylidene fluoride

https://www.discovmed.com/


880

Fig. 2. Effects of ascites exosomes with different contents of lncRNA AFAP1-AS1 on the phenotype of OC cells in vitro. Caov3
and SKOV3 cells were stimulated with ascites exosomes with different levels of lncRNA AFAP1-AS1, where labeled as low expression
in #1 and #2 exosomes and high expression in #3 and #4 exosomes. (A) Detection of lncRNA AFAP1-AS1 expression in the three cells
with quantitative reverse-transcription polymerase chain reaction (qRT-PCR). (B) Results of colony formation after stimulation of Caov3
and SKOV3 cells by ascites exosomes. (C) Scratch assay to detect the migration ability and statistical histogram of cells after treatment
of Caov3 and SKOV3 with ascites exosomes. The scale: 100 µM. (D) Transwell migration and invasion assay was applied to detect
cells’ migration and invasion ability after treatment of Caov3 and SKOV3 with ascites exosomes and statistical histograms. ***p< 0.05,
compared with the Control (CON) group.

(PVDF) membranes. The membranes were blocked in 5%
skimmed milk with Tris-buffered saline Tween-20 (TBST)
and subjected to shaking for 1 h at room temperature.
Primary antibodies for CD63 (ab134045, Abcam, Cam-
bridge, UK), CD9 (ab236630, Abcam, Cambridge, UK),
and TSG101 (ab125011, Abcam, Cambridge, UK) were

added and incubated overnight at 4 °C. The next day, mem-
branes were washed 3 times for 5 minutes each with TBST
and then incubated with a horseradish peroxidase-labeled
anti-rabbit secondary antibody (ab99757, 1:1000, Abcam,
Cambridge, UK) for 1 h at room temperature. Finally,
protein bands were visualized using an enhanced chemi-
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Fig. 3. Effects of ascites exosomes with different contents of AFAP1-AS1 on the phenotype of primary OC cells. Stimulation of
human primary OC cells by ascites exosomes with different levels of AFAP1-AS1. (A) Clonogenesis assay was applied to detect cell
migration. (B,C) Scratch assay and Transwell migration assay were used to detect the migration of primary cancer cells. ***p < 0.05,
compared with the CON group.

luminescence kit (Pierce, A38555, Thermo Fisher Scien-
tific, MA, USA), and images were captured using Molec-
ular Imager® ChemiDoc™ XRS+ with Image Lab™ soft-
ware (V 6.0.1, Bio-Rad, Hercules, CA, USA). The ratio of
the grayscale value of the target protein bands to that of
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was
calculated to determine the relative expression levels of the
proteins.

PKH67 Staining
PKH67 (MINI67, Sigma-Aldrich, St. Louis, MO,

USA) was used as a fluorescent dye for exosome staining.
100 µL of exosomes purified were mixed with PBS. Fol-
lowed by addition to 1 mL of Diluent C (ICT6124, Saint
Germain Biology, Shanghai, China) to prepare Diluent C-
exosome suspension. 4 µL of PKH67 staining solution was
added to 1 mL of Diluent C and mixed with the Diluent C-
exosome suspension. The staining reaction was terminated
by adding 2 mL of fetal bovine serum for 4 min at room
temperature. Lastly, the exosomes were re-concentrated us-
ing a polyethylene glycol (PEG)-based method and resus-
pended in an appropriate volume of PBS.

Colony Formation Assay
OC cells treated with ascites exosomes were counted

after trypsin digestion and seeded into six-well plates with
1000 cells per well. After 7–10 days of culturing, cells grew
into individual colony visible to the naked eye. Cells were
gently washed twice with PBS and fixed at room tempera-
ture for 20min by adding 4%paraformaldehyde. Cells were
washed twice with PBS and then stained with 0.1% crystal
violet, left at room temperature for 30 min. After rinsing
with tapwater and air drying, the colonywere photographed
and analyzed. Experiment was performed in triplicate.

Cell Scratch Assay
Cancer cells were seeded in six-well plates and cul-

tured so that they became covered by a single cell layer at
near 100% density the next day. Cells were then washed
twice with PBS to remove any non-adherent cells. A serum-
free medium was added to inhibit cell proliferation, and
scratches were made in the cell layer. Closure of these
scratches was observed and photographed at 0 and 24 h.
The area of cell closure wasmeasured using Image-Pro Plus
6 software. The experiment was replicated three times for
consistency.
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Fig. 4. AFAP1-AS1 transfer to recipient cells through exosomes. (A) Transmission electron microscopy showed the images of
exosomes secreted by IOSE-80, CAOV3, and SKOV3 cells, which showed a quasi-circular double-layer, three-dimensional membrane
structure. Scale bar: 200 nm. (B) The diameter distribution of exosomes was tracked and analyzed by nanoparticles. (C) The expression
of exosome marker proteins TSG101, CD63, and CD9 was detected by Western blot. (D) The expression difference of AFAP1-AS1 in
exosomes secreted by different cells was detected by qRT-PCR. (E) The uptake of exosomes by cells. Green represents PKH67 labeled
exosomes, red represents cytoskeletal proteins, and blue represents 4’6-diamidino-2-phenylindole (DAPI) labeled nuclei. ***p< 0.001,
compared with IOSE-80 group.

Transwell Assay
Cancer cells were digested with trypsin, counted, and

resuspended in a serum-free DMEM/F12 medium. Two
separate single-cell suspensions were prepared: one with
40,000 cells in 200 µL and another with 80,000 cells in 200
µL. These suspensions were placed in the upper chamber
of a Transwell apparatus (8 mm diameter, Millipore) that
was either uncoated or coated with Matrigel, for migration
and invasion assays, respectively. The lower chamber was
filled with a complete medium containing 10% fetal bovine
serum. Following a 24 h incubation period, cells adher-
ing to the upper surface of the Transwell membrane were
carefully removed using a swab. Cells that had migrated to
the lower chamber were fixed with formaldehyde, stained
with 0.1% crystal violet, and observed under a microscope.
Photographic documentation was performed, and cells in
three randomly selected fields of view were counted. The
average cell count from these fields was calculated. The
experiment was repeated three times.

Statistical Analysis

All data were subjected to statistical analysis using
SPSS 17.0 (IBM Corp., Chicago, IL, USA) and GraphPad
Prism 5.0 software (GraphPad Software, Inc., San Diego,
CA, USA). Numerical variables are presented as mean ±
standard deviation. A t-test was performed to compare dif-
ferences between two sets of data. For multiple compar-
isons, one-way analysis of variance (ANOVA) was utilized,
and post-hoc tests were carried out when necessary. A p-
value of less than 0.05 was considered statistically signifi-
cant.

Results

AFAP1-AS1 Level in Exosomal Specimens from
Patients with OC

To validate the efficiency of the ultracentrifugation
method for exosome isolation, we employed transmission
electron microscopy to characterize particle size and mor-
phology. The method yielded a significant enrichment of
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Fig. 5. Exosome-transmitted AFAP1-AS1 promoted malignant phenotype in OC cells. (A) qRT-PCR was applied to detect the
interference efficiency of si-RNA on AFAP1-AS1 in Caov3 and SKOV3 cells. (B) qRT-PCR assay of AFAP1-AS1 expression in exosomes
secreted from si-AFAP1-AS1 treated Caov3 and SKOV3 cells. Caov3 and SKOV3 cells were stimulated with higher AFAP1-AS1 content
of ascites exosomes (#4) and si-AFAP1-AS1 or negative control (si-NC) and si-AFAP1-AS1-treated ascites-secreted exosomes. (C) Scratch
assay was applied to detect the migration ability of Caov3 and SKOV3 cells. (D) Transwell assay for migration and invasion ability of
Caov3 and SKOV3 cells. The scale: 100 µM. ***p < 0.001, compared with NC/CON group.
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exosomes that exhibited a bilayer-like vesicular structure,
suggesting high purity (Fig. 1A). Moreover, particle track-
ing analysis validated that the diameters of these exosomes
ranged between 50–200 nm (Fig. 1B). We conducted West-
ern blot analysis to validate the extracted exosomes further
and successfully detected high levels of the exosomal mark-
ers TSG101 and CD63. Remarkably, these markers were
significantly enriched in serum and ascitic fluid-derived ex-
osomes compared to OC tissues (Fig. 1C), confirming the
efficiency and quality of our exosome extraction method,
including purity and high yield. Having established the
robustness of our extraction method, we next delved into
the functional implications of exosomal AFAP1-AS1 in the
context of ovarian cancer. An analysis of the correlation
between exosomal AFAP1-AS1 expression and the clinico-
pathological features of 40 OC patients revealed that high
levels of serum and ascites AFAP1-AS1 were associated
with advanced federation international of gynecology and
obstetrics (FIGO) stages and larger tumor sizes (p < 0.05,
Tables 1,2). Hence, ascitic fluid exosomes were chosen for
further experiments.

Table 1. Relationship between the expression of serum
exosome AFAP1-AS1 and clinicopathological features in

patients with OC (n, %).

Features n = 40
AFAP1-AS1

p value χ2

High (%) Low (%)

Age (year) 0.429 0.625
≤12 8 3 5
13∼19 32 17 15

FIGO stage 0.001 11.033
I 12 2 10
II 8 3 5
III 10 7 3
IV 10 8 2

Tumor diameter <0.001 12.907
<10 15 2 13
≥10 25 18 7

FIGO, federation international of gynecology and obstetrics.

Effects of Ascites Exosomes with Varying AFAP1-AS1
Levels on the Phenotype of OC Cells in Vitro

The clinicopathological significance of AFAP1-AS1
observed in the previous section necessitated further
scrutiny of its functional impact on ovarian cancer cells.
Thus, we treated Caov3 and SKOV3 cell lines with ascites
exosomes containing variable levels of AFAP1-AS1. These
were labeled as low expression in #1 and #2 exosomes and
high expression in #3 and #4 exosomes (Fig. 2A). Subse-
quent clonogenic assays pointed to increased cancer cellu-
lar activity with rising levels of AFAP1-AS1 (Fig. 2A,B).
Furthermore, cell scratch and Transwell assays revealed a
commensurate increase in cell migration and metastasis, re-

Table 2. Relationship between the expression of ascites
exosome AFAP1-AS1 and clinicopathological features in

patients with OC (n, %).

Features n = 40
AFAP1-AS1

p value χ2

High (%) Low (%)

Age (year) 0.429 0.625
≤12 8 5 3
13∼19 32 15 17

FIGO stage <0.001 14.700
I 12 3 9
II 8 1 7
III 10 8 2
IV 10 8 2

Tumor diameter 8.640 0.003
<10 15 3 12
≥10 25 17 8

spectively (Fig. 2C,D). The level of AFAP1-AS1was gener-
ally consistent with the extent of the increase, suggesting in
the metastasis of OC cells, that AFAP1-AS1 may do a vital
impact.

Effects of Ascites Exosomes with Different
AFAP1-AS1 Contents on the Phenotype of Primary
OC Cells

Clonogenic survival assays were employed and re-
vealed a consistent increase in the cellular activity of the
primary OC cells in line with elevated levels of AFAP1-AS1
(Fig. 3A). In addition, cell scratch and Transwell assays de-
tected increased cell metastasis (Fig. 3B,C). These results
agree with those observed in OC cell lines, thus reinforcing
the notion that AFAP1-AS1might play a pivotal role in driv-
ing the aggressive behavior of OC cells at various disease
stages.

AFAP1-AS1 could be Transferred to Recipient Cells
through Exosomes

Cell-secreted exosomes can be released into the cul-
ture medium. To demonstrate whether AFAP1-AS1 exerts
biological effects by incorporating into exosomes, we col-
lected IOSE-80, Caov3, and SKOV3 cell culture super-
natants and extracted exosomes from culture supernatants
using the PEG method and kit purification. To validate that
the isolated vesicles were indeed exosomes, transmission
electron microscopy was used to confirm their character-
istic morphology (Fig. 4A,B). The expression of exosomal
marker proteins TSG101, CD63 and CD9 was detected by
Western blot and the exosomes were found to be positive
(Fig. 4C). Subsequent analyses aimed to understand the ex-
osomal AFAP1-AS1 content in different cell lines. Interest-
ingly, the Caov3 and SKOV3 cell lines secreted exosomes
with substantially higher AFAP1-AS1 content when com-
pared to IOSE-80 cells (Fig. 4D). To detect whether the ex-
osomes entered the cells, we used PKH67 staining to label
the exosomes, DAPI to label the nucleus, and cytoskele-
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tal staining. The exosomes secreted from IOSE-80, Caov3,
and SKOV3 cells were co-cultured with IOSE-80 for 24 h,
and the exosomes were seen to emit bright green fluores-
cence around the nucleus under fluorescence inverted mi-
croscopy (Fig. 4E), indicating that the exosomes could be
taken up by the cells.

Exosome-Transmitted AFAP1-AS1 Promotes
Malignant Phenotype in OC Cells

To precisely quantify the levels of AFAP1-AS1 in
OC cells, we utilized siRNA interference targeting this
lncRNA. Caov3 and SKOV3 cells were transfected with
either si-AFAP1-AS1 or negative control (si-NC). The effi-
cacy of the siRNA-mediated knockdown was subsequently
assessed using qRT-PCR 24 hours post-transfection. The
results indicated a marked reduction in the AFAP1-AS1 ex-
pression levels in cells treated with si-AFAP1-AS1 com-
pared to the si-NC group (Fig. 5A). Exosomes were sub-
sequently harvested from the culture supernatants of the
si-NC and si-AFAP1-AS1-treated Caov3 and SKOV3 cells.
qRT-PCR analysis revealed a significant decrease in the
AFAP1-AS1 content within the exosomes secreted by the si-
AFAP1-AS1-transfected cells relative to the control group
(Fig. 5B). The reduced AFAP1-AS1 levels in exosomes
made us question the downstream effects on cellular phe-
notype. Caov3 and SKOV3 cells were exposed to ascites-
derived exosomes with varying AFAP1-AS1 contents to ad-
dress this. The experimental groups were designated as fol-
lows: Control (CON), Exo of ascites (#4), Exo of ascites
(#4)+si-NC, and Exo of ascites (#4)+si-AFAP1-AS1. Using
wound-healing assays, we found that cells treated with low
AFAP1-AS1-containing exosomes exhibited reducedmigra-
tion (Fig. 5C). Furthermore, Transwell assays corroborated
these findings by demonstrating that diminished levels of
exosomal AFAP1-AS1 led to a significant inhibition of cel-
lular invasion capabilities (Fig. 5D).

Discussion

The incidence of ovarian tumors among children and
adolescents with gynecological diseases has gradually in-
creased in recent years [19,20]. Exosomes released from tu-
mor cells can transport oncogenes to paraneoplastic or less
invasive cells and induce their tumorigenic and metastatic
phenotypes, thus promoting cancer progression [21,22].
Long non-coding RNAs (lncRNAs) add another layer to
this complex scenario. They modulate various biological
processes, from chromatin remodeling to cell cycle regula-
tion, either enhancing or inhibiting tumorigenesis, however,
it remains unknown whether this lncRNA is delivered via
exosomes in adolescent OC [23,24].

Our work extends this understanding by demonstrat-
ing that AFAP1-AS1, previously noted for its role in vari-
ousmalignancies, is transported via exosomes in adolescent
OC. Several lncRNAs have been identified as pivotal in the
metastasis and progression of different cancer types, such

as LINC02273 in breast cancer and AOC4P in gastric can-
cer [25,26]. Similarly, our findings indicate an upregulation
of AFAP1-AS1 in juvenile OC tissues and cells, implicating
this particular lncRNA in OC progression.

Continuing from the differential impact of AFAP1-
AS1 levels in exosomes on OC cell phenotype, we expand
our discussion to other exosome-carried lncRNAs. For ex-
ample, exosomal lncRNAs like UFC1 and RP11-838N2.4
in non-small cell lung cancer have been shown to regulate
cellular multiplication and drug resistance [27,28]. Nor-
mal bladder epithelial cells release exosomes containing
lncRNA phosphatase and tensin homolog pseudogene 1
(PTENP1). After lncRNA PTENP1 is transported to blad-
der cancer cells through exosomes, the occurrence of malig-
nant phenotype is alleviated [29]. Our study found signifi-
cantly elevated levels of AFAP1-AS1 in ascites-derived ex-
osomes and peripheral blood serum. Furthermore, these ex-
osomes influenced the phenotype of primary OC cells and
established OC cell lines, emphasizing the functional role
of AFAP1-AS1 in OC.

Given the phenotypic changes observed in OC cells
upon AFAP1-AS1modulation, the diagnostic and therapeu-
tic potentials of exosomal lncRNAs cannot be overlooked.
Research into the mechanisms of exosomal lncRNAs has
already shown promising avenues for clinical cancer treat-
ment [30,31]. However, limitations persist. The precise
molecular mechanisms through which AFAP1-AS1 exerts
its effects in OC remain an open question, as do in vivo ver-
ifications of its role in adolescent OC.

Conclusions

In conclusion, we observed a substantial increase in
AFAP1-AS1 levels in serum samples and OC cell lines.
Moreover, our data demonstrate that this lncRNA can be
shuttled between cells via exosomes, thereby influencing
OC progression. Lower levels of exosomal AFAP1-AS1
were found to inhibit OC cell migration and invasion. These
findings underline the pivotal role of AFAP1-AS1 in OC and
suggest its potential as a diagnostic marker and therapeutic
target in adolescent OC.
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