Li et al. Journal of Ovarian Research (2021) 14:7
https://doi.org/10.1186/513048-020-00758-w

Journal of Ovarian Research

RESEARCH Open Access

Exosomes secreted by chemoresistant
ovarian cancer cells promote angiogenesis

Check for
updates

Zhang Li'?, Wang Yan-ging', Yang Xiao', Liu Shi-yi', Yuan Meng-gin', Xian Shu', Yang Dong-yong’,

Zheng Ya-jing' and Cheng Yan-xiang'"

Abstract

angiogenesis.

of chemoresistant OC cells promoting angiogenesis.

Background: Ovarian cancer (OC) has the highest mortality rate in gynecologic tumors. Despite decades of
continuous efforts, the survival rate of patients has not improved significantly, mostly due to drug resistance.
Exosomes are hot topics in recent years. Cells can affect the biological behaviors of other cells by transferring
exosomes. So far, numerous researchers have found that tumor cells can secrete exosomes which play a important
role in the development of tumors. Solid tumors can promote angiogenesis. When drug resistance occurs, it seems
that more blood vessels form. We suppose that exosomes derived from chemoresistant OC cells can also promote

Results: We investigate whether exosomes secreted by chemoresistant SKOV3-DDP cells (SKOV3-DDP-exo) and
sensitive SKOV3 cells (SKOV3-exo) influence angiogenesis. After exosomes were extracted, exosomes were co-
cultured with HUVECs. We found that SKOV3-DDP-exo and SKOV3-exo are absorbed by endothelial cells and
promote the proliferation, migration, invasion and tube formation of endothelial cells. Moreover, SKOV3-DDP-exo is
more powerful in angiogenesis, suggesting that parts of the components of SKOV3-DDP-exo are significantly
radical. We also found that miR-130a was highly expressed in drug-resistant OC cells. Also, we found that miR-130a
in SKOV3-DDP-exo is higher than SKOV3-exo. Therefore, we suggest that miR-130a in exosomes is the main cause
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Introduction

Ovarian cancer (OC) ranks first in the mortality rate of
gynecologic cancers. Because early symptoms are latent,
most patients are found to be advanced. Standard treat-
ment for advanced OC is cytoreductive surgery com-
bined with cisplatin-based chemotherapy. Initially, the
response rate of OC to cisplatin reaches 80% and
chemotherapy has significantly inhibited tumor growth,
however, due to drug resistance, up to 70% of patients
will eventually relapse, the 5-year survival rate still re-
mains at approximately 30% [1, 2]. Although many

* Correspondence: doctornancy@qaq.com

'Department of Obstetrics and Gynecology, Renmin Hospital of Wuhan
University, Wuhan 430060, China

Full list of author information is available at the end of the article

B BMC

studies have been done to solve the problem, it is still
far from enough to address tumor progression after drug
resistance.

Tumor progression not just depends on self-
characteristics but also the interaction between tumor
cells and stroma cells in the tumor microenvironment
[3]. The tumor microenvironment consists of various
types of cells, including endothelial cells, immune cells,
fibroblasts and mesenchymal stem cells, etc [4, 5] Recent
studies have found that exosomes play important role in
cell-cell communication. Exosomes are vesicles with a
diameter of 30—150 nm [6], rich in lipids, proteins, RNA
and DNA. Various cells such as epithelial cells [7], neu-
rons [8], T cells [9], B cells [10] can secrete exosomes.
By fusing with cell membranes, exosomes are released
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into the extracellular microenvironment, then participate
in cell-cell communication [11, 12]. Studies have found
that exosomes mediate signal transduction between adja-
cent or distant cells and present in various body fluids
such as human blood and urine [13, 14]. Tumor-derived
exosomes empower to regulate tumor cell biological be-
haviors such as proliferation [5], immunomodulation
[15], metastasis [16, 17], drug resistance [18], etc. More-
over, Riches et al. has revealed that breast cancer cells
release 50% more exosomes than human mammary epi-
thelial cells [19], which is consistent with OC, the num-
ber of exosomes isolated from the serum of patients is 5
times higher than that of patients with benign disease
[20]. In addition, Safaei et al. found that chemoresistant
OC cells released 2.6 times more exosomes than paren-
tal cells previously [21]. However, these mechanisms of
these exosomes in tumor progression is unclear.

The rapid growth of solid tumors cause the occurrence
of new blood vessels. It has been found that exosomes in
tumor microenvironment can enhance angiogenesis. For
example, Bai et al. has discovered that exosomes derived
from gastric cancer cells contribute greatly to angiogenesis
though miR-135b targeting forkhead box O1 in endothe-
lial cells [22]. Lu et al. unearth that exosomes secreted by
nasopharyngeal carcinoma cells can be absorbed by vascu-
lar endothelial cells to inhibit angiogenesis, thereby inhi-
biting the metastasis of nasopharyngeal carcinoma [23].
However, there is no clue that exosomes secreted by drug
resistant OC cells contribute to angiogenesis. We suggest
that exosomes secreted by drug sensitive and resistant OC
cells influence angiogenesis, and suppose that angiogen-
esis provides more nutrients which promotes the synthesis
and secretion of more exosomes in OC cells, especially in
chemoresistant cells.

Materials and methods

Cell culture

The human cisplatin-sensitive SKOV-3 cells, resistant
SKOV3-DDP cells, and normal ovarian epithelial cells
IOSEB0 were purchased from Cell Bank of Type Culture
Collection of the Chinese Academy of Sciences (Shang-
hai Institute of Cell Biology) and cultured in DMEM
(Gibco) and RPMI 1640 supplemented with 10% FBS
(Gibco), respectively. The human umbilical vein endo-
thelial cells (HUVECs) were purchased from Sciencell
Company (USA) and cultured in Eagle’s minimum es-
sential medium (Wisent, China) supplemented with 10%
FBS (Gibco). All cell lines were cultured in a humidified
incubator containing 5% CO, at 37 °C.

Isolation of exosomes

The commercially available GET™ Exosome Isolation Kit
(GenExosome Technologies Inc., USA) was employed as
described by the vender for the isolation of exosomes in
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the cultured supernatant according to the manufac-
turer’s instructions. EVs were stored at 4°C and used
within 72 h or were frozen at — 80 °C.

Transmission electron microscopy

50 uL of exosome suspension was added to the loaded
copper mesh, and the excess liquid on the copper mesh
was blotted dry from the side with a filter paper. After 1
min, a phosphotungstic acid solution (pH=7.0) was
added dropwise to the copper mesh at room
temperature for 10 min. And the exosomes were ob-
served under a transmission electron microscope and
photographed.

Nanoparticle tracking analysis

The ZetaView PMX 110 (Particle Metrix, Meerbusch,
Germany) was used for real-time characterization of the
vesicles. A 488 nm laser was chosen for each sample.
Five 60 s videos were recorded and analyzed by Software
ZetaView 8.04.02 SP2, and the final results represent the
mean and mode.

Western blot

The isolated exosomes were collected and the protein
concentration determined by using the BCA protein
assay (Pierce, Waltham, MA). Protein samples were sub-
jected to electrophoresis on polyacrylamide gels (Bio-
Rad, Hercules, CA) and then transferred to polyvinyli-
dene fluoride membranes (Bio-Rad). Subsequently,
membranes were blocked, rinsed, and incubated with
primary antibodies against HSP70 (1:1000), CD9 (1:500)
and CD63 (1:500), which were used as exosomal markers
(abcam, England). After overnight incubation at 4°C,
membranes were washed and incubated with their corre-
sponding secondary antibody conjugated with horserad-
ish peroxidase. Protein bands were detected with an
enhanced chemiluminescence detection kit (GE Health-
care, Piscataway, NJ) and visualized through h a chemi-
Docxrs imaging system and analysis software (Bio-Rad,
San Francisco, CA).

Uptaking of exosomes

To detect the uptake of exosomes by HUVECs, purified
exosomes were cocltured with HUVECs. Briefly, 1pL
PKH26 dye (a red fluorescent labeling kit, Sigma, USA)
was added to 500 pL. exosome solution which was diluted
to 10° /mL, incubated at room temperature for 5 min.
Then, exosomes were re-extracted and isolated as men-
tioned above. The labeled exosomes were incubated with
HUVECs which were labeled by Hoechst 33342 at room
temperature for 24 h. HUVECs were subsequently washed
with PBS and fixed in 4% paraformaldehyde for 15 min.
Fixed cells were washed with PBS, and cell nucleus were
stained with DAPI. Eventually, the fluorescence uptake
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was monitored using confocal microscopy (Leica TCS
STED CW).

Cell viability experiment

Cell viability was tested through cell counting kit-8
(CCK-8, Beyotime Biotechnology, Shanghai, China).
First, HUVECs were seeded in 96-well plate with 5 x 10*
cells/well and 100 uL. exosome solution collected from
cells SKOV-3 (SKOV3-exo) or SKOV3-DDP (SKOV3-
DDP-exo) or PBS were added for 48 h. Then, CCK-8 so-
lution was added to the medium, incubated for 2h in a
humidified incubator containing 5% CO, at 37 °C. 450
nm was used to test absorbance through multifunctional
microplate reader spectraMaxM5 (Molecular Devices,
San Jose, CA).

Scratch wound experiment

Migration was evaluated by scratching a confluent layer of
HUVEC: in a 6-well plate (Corning Costar, Corning, NY)
using a P200 pipette tip. After PBS washing, 500 pL
SKOV3-exo or SKOV3-DDP-exo or PBS were added for
48 h, and the plate was incubated in a humidified incuba-
tor containing 5% CO, at 37 °C. After which the reduction
in the wound area was determined using Image-Pro Plus
software (Media Cybernetics, Rockville, MD, USA).

Invasion experiment

For invasion experiment, 5 x 10* HUVECs were plated
in a 6-well transwell plates (Corning Costar, Corning,
NY) and incubated with 500 uL exosome solution col-
lected from cells SKOV-3 or SKOV3-DDP or PBS.
Briefly, cells suspended in serum-free culture medium
were added to the top chamber of transwell filters and
allowed to migrate through the filter. The lower cham-
ber was full of culture medium containing 20% FEBS,
added with 500 pL exosome solution collected from cells
SKOV-3 or SKOV3-DDP or PBS, then incubated for 48
h in a humidified incubator containing 5% CO, at 37 °C.
The cells in the upper chamber were removed, and the
cells across the membrane were fixed with 4% formalde-
hyde, stained with 1% crystal violet dissolved in metha-
nol and the number of cells was counted by inverted
microscope.

Tube formation experiment

To examine the tube formation of the HUVECs that had
incorporated exosomes, 2 x 10* cells were seeded into
24-well plates coated with Matrigel (Invitrogen, USA).
HUVECs were serum-starved in culture medium for 48
h. Next, the cells were incubated with 200 puL. SKOV3-
exo or SKOV3-DDP-exo or PBS for another 48h in a
humidified incubator containing 5% CO, at 37 °C. The
dynamics of HUVECs behavior was monitored using
inverted microscope.
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Quantitative real time PCR

Total miRNAs from cultured cells were extracted with
Trizol Reagent (Invitrogen™) according to the manufac-
turer’s instruction. cDNA was synthesized using the Pri-
meScript”RT reagent Kit (TaKaRa). Quantitative real-
time PCR (qRT-PCR) was performed on a CFX-1000
real-time PCR system (Bio-Rad). The relative miRNA ex-
pression levels were calculated by the 27°*“' method
and normalized to U6. The specific primer sequences
used were as following:

Ué: Forward CTCGCTTCGGCAGCACAT
Reverse AACGCTTCACGAATTTGCGT

hsa-miR-130a: Forward CCAGTGCAATGTTAAAAGGGC
Reverse CTCAACTGGTGTCGTGGAGTC.

Statistics analysis

Data analysis was performed using the Origin software
version 8.5. Each experiment was carried out in
triplicate at least and all results were presented as mean
+ s.d. A value of p <0.05 was considered significant.

Results

Isolation and quantification of exosomes

The vesicles are extracted from diverse cultured medium
using the GET™ Exosome Isolation Kit after 24h as
mentioned before. The diameter of the vesicles is
approximately 90-150 nm and with a double membrane
structure observed by transmission electron microscopy
and ZetaView (Fig. 1la and b). Moreover, the exosome-
specific proteins CD9, CD63 and HSP70 are detected by
western blot, as shown in the Fig. 1c. The above con-
firms that the vesicles we extracted from the cells are
exosomes. We observe that drug sensitive SKOV3 cells
and resistant SKOV3-DDP cells release more exosomes
compared to normal ovarian epithelial cells IOSE80. Be-
sides, it is surprised that SKOV3-DDP cells release more
exosomes than SKOV-3 cells do.

Exosomes secreted by SKOV3-DDP or SKOV3 cells
enhance HUVECs proliferation, migration and tube
formation

To investigate the uptake of exosomes, HUVECs labeled
with hoechst 33342 are incubated with PKH26-labeled
exosomes. After 48 h, exosomes labeled PKH26 are de-
tected in HUVECs by confocal laser scanning micros-
copy. From Fig. 2a, that exosomes enter HUVECs is
observed.

Exosomes can be absorbed in vascular endothelial
cells. Next, we will investigate whether drug resistant
and sensitive ovarian cancer cells can promote
angiogenesis. In order to study the influences of
exosomes derived from drug sensitive SKOV-3 and
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Fig. 1 Characterization of exosomes derived from cell lines IOSE80, SKOV3, and SKOV3-DDP. a Transmission electron microscopy images of
IOSE80-ex0, SKOV3-ex0, and SKOV3-DDP-exo. Scale bars = 100 nm. b Size distribution (nm) of I0SE80-exo, SKOV3-exo, and SKOV3-DDP-exo were
determined by Software ZetaView. ¢ Western blot analysis of surface markers HSP70, CD9, and CD63 in I0SE80-exo, SKOV3-exo,

resistant SKOV3-DDP cells on angiogenesis, exosomes
are cultured with HUVECs for 48 h. We use CCK-8
assay to evaluate cell viability. As shown in Fig. 2b,
SKOV3-exo and SKOV3-DDP-exo promote the growth
of HUVECs than PBS treatment group (p<0.001 vs p<
0.001), and SKOV3-DDP-exo prompts the proliferation
of HUVECs cells more significantly (p=0.001). Similarly,
SKOV3-exo and SKOV3-DDP-exo promoted the migra-
tion of HUVECs, and the effects of exosomes derived
from SKOV3-DDP cells are more significant (p=0.002 vs
p<0.001, p<0.05) (Fig. 2c and d). In addition, the intra-
luminal capillary-like structure formed by HUVECs was
observed, SKOV3-exo and SKOV3-DDP-exo induced
tube formation, moreover, the exosomes secreted by
SKOV3-DDP cells were more effective (p<0.001 vs p<
0.001, p< 0.001) (Fig. 2e and f). Moreover, exosomes can
conduce HUVEC: to form tube structure (Fig. 2g).

Exo-miR-130a released by SKOV3 cells and SKOV3-DDP
cells contributes to angiogenesis

It is generally accepted that the components of
exosomes derived from tumor cells can affect the
biological behavior of other cells. Our findings show that
SKOV3-DDP-exo promote angiogenesis more signifi-
cantly than SKOV3-exo. We believe that the component
of SKOV3-exo is different from SKOV3-DDP-exo, and
this component promotes angiogenesis. The role of exo-
some miRNAs is increasingly prominent. Among them,
Haiou found that miR-130a promotes angiogenesis in
the development of gastric cancer [24], While miR-130a

is found up-expression in ovarian cancer sensitive and
resistant cells, and higher expression in resistant cells
[25]. Based on the above, we speculate that miR-130a also
plays an important role in SKOV3-DDP-exo. By detecting
the level of miR-130a, we found that miR-130a expression
was significantly higher in SKOV3-DDP-exo (p<0.01 vs
p<0.01, p< 0.001) (Fig. 3). This is consistent with the study
of Johan, the content of exosomes and their biological
function depends on the cell of origin [26].

Discussion

For decades, researchers have revealed that angiogenesis
plays a crucial role in tumorigenesis, progression and
drug resistance, etc [27, 28] Tumor cells could influence
the normal vasculature and stimulate rapid formation of
new blood vessels to supply nutrition, however, the
mechanism is ambiguous [27]. Recent studies have
found that tumor cells can release a variety of bioactive
substances to affect the biological behavior of other
cells, such as stromal cells and immune cells, thus
promoting their own progression, exosomes are involved
in tumor progression. Moreover, researchers have found
that exosomes secreted by tumor cells can influence
angiogenesis. For example, Lu et al. unearth that
exosomes secreted by nasopharyngeal carcinoma cells
can be absorbed by vascular endothelial cells, in which
miR-9 targets MDK of the recipient cells and regulates
the PDK/AKT pathway to inhibit angiogenesis, thereby
inhibiting the metastasis of nasopharyngeal carcinoma
[23]. However, no data shows that exosomes originated
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Fig. 2 a The internalization of IOSE80-exo, SKOV3-exo and SKOV3-DDP-exo (PKH26-labeled, red fluorescence) by HUVECs (Hoechst 33342-labeled,
green fluorescence) was examined by confocal laser scanning microscopy. b Proliferation of HUVECs co-cultured with SKOV3-exo, or SKOV3-DDP-
exo was measured by CCK-8, cells treated with PBS were served as the control. c-d Migration of HUVECs co-cultured with SKOV3-exo, or SKOV3-
DDP-exo was measured by scratch assays. Cells treated with PBS were served as the control. e-f Invasion of HUVECs co-cultured with SKOV3-exo,
or SKOV3-DDP-exo was measured by transwell assay, cells treated with PBS were served as the control. g Capillary-like tubes of HUVECs co-
cultured with SKOV3-exo, or SKOV3-DDP-exo were measured by tube formation experiment, cells treated with PBS were served as the control.
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from chemoresistant OC cells enhance angiogenesis. In
our study, we designed to discover the relationship be-
tween SKOV3-DDP cells and endothelial cells. This is
the first study to elucidate the communication between

chemoresistant OC cells and endothelial cells communi-
cation via exosomes. So, we visualized exosomes transfer
from SKOV3-DDP to HUVECs. Then, via exosomes,
chemoresistant OC cells impacted endothelial cells
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proliferation, migration and tube formation, namely
angiogenesis.

Since researchers found the appearance of
chemoresistance, they tried all of the efforts to
address chemoresistance. There is strong evidence
that miRNAs can be involved in drug resistance. For
example, Li et al. have found that miR-9 is lowly
expressed in chemoresistant OC cells, which binds to
BRCA1, leading to block DNA damage repair and
promote the development of drug resistance [25].
exosomes are proven not just excrete waste, but also
carry mast molecules, including proteins, mRNAs and
miRNA. Through membrane fusion, exosomes enter
other cells to influence the biological behavior of
other cells. We suspect that miRNA is of great sig-
nificance in promoting angiogenesis in drug-resistant
tumor cells. Besides Haiou et al’s finding [24], Yang
et al. also have found that miR-130a rises in OC re-
sistant cells and promotes the expression of P-gp in
chemoresistant cells [29]. We detected the level of
miR-130a in exosomes derived from SKOV3 and
SKOV3-DDP, Our results found that miR-130a is up-
regulated in exosomes derived from SKOV3 cells and
SKOV3-DDP cells, and it was more significantly
expressed in drug-resistant strains, suggesting that
miR-130a may play a role in promoting angiogenesis
in drug-resistant ovarian cancer cells. These data indi-
cate that exosomes originated from chemoresistant
cancer cells can also regulate the angiogenic activities.

In the end, How does the exosome miR-130a secreted
by chemoresistant OC cells promote angiogenesis need
further investigation, and there is no direct evidence that
vascular endothelial cells can promote drug sensitive OC
cells insensitively after co-incubated with exosomes se-
creted by drug-resistant cells. In the future, we will con-
tinue to study its specific mechanism in depth.

Conclusion

Taken together, our data identify exosomes derived from
chemoresistant SKOV3-DDP cells prompts angiogenesis.
Given the molecular and biological complexity of drug-
resistance and angiogenesis, a better understanding of
how chemoresistant tumor cells-derived exosomes par-
ticipate in angiogenesis process represents an important
challenge, which can open new paths for the develop-
ment of novel and effective anti-resistance drugs.
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