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Background: Ovarian cancer is a life-threatening disease with a high mortality rate in
women. Our previous work presented that long non-coding RNA (lncRNA) activated by
transforming growth factor beta (TGF-β) (lncRNA ATB) played a role of oncogene in
ovarian cancer. However, whether exosomal lncRNA ATB from ovarian cancer cells could
regulate the tumorigenesis of ovarian cancer remains unclear.
Methods: RT-qPCR assay was performed to evaluate the level of lncRNA ATB in cancer
cells (SKOV3 and A2780). In addition, ovarian cancer cells-secreted exosomes were col-
lected with ultracentrifugation. CCK8 assay was performed to detect the viability of ovarian
cells and HUVECs. Meanwhile, Western blot was performed to detect the expression of
mechanism related protein and tube formation assay was used to observe the angiogenesis of
HUVECs. Finally, xenograft mice model was used to verify the role of ovarian cancer cell-
derived exosomes in vivo.
Results: Ovarian cancer cells-derived exosomes promoted the viability, angiogenesis and
migration of HUVECs; however, knockdown of lncRNA ATB in HUVECs reversed these
phenomena. In addition, exosomal lncRNA ATB promoted the tumorigenesis of ovarian
cancer via regulating miR-204-3p/TGFβR2 axis. Furthermore, ovarian cancer cells-secreted
exosomal lncRNA ATB increased tumor growth in vivo.
Conclusion: Exosomal lncRNA ATB derived from ovarian cancer cells could improve
tumor microenvironment via regulating miR-204-3p/TGFβR2 axis. Thus, this study might
provide new knowledge for the treatment of ovarian cancer.
Keywords: ovarian cancer, exosome, lncRNA ATB, TGFβR2, tumor microenvironment

Introduction
Ovarian cancer is a malignant tumor disease occurring in the ovaries,1 and this
disease can occur at any age.2 For example, germ ovarian cancer is common in
women under the age of 20,3 while borderline tumors tend to occur in women
between the ages of 30 and 40.4 Overall, the vast majority of ovarian cancer occurs
in women over age 50.5 At present, the main treatments for malignant ovarian
cancer including surgery, chemotherapy, targeted therapy, endocrine therapy and
radiotherapy.6,7 Although multimodality approaches were implemented, 5-year
survival rate of patient with ovarian cancer is less than 50%.8 Since the etiology
of ovarian cancer is still not clear, and may be related to aging, genetic factors and
endocrine disorders,9 the treatment of ovarian cancer remains challenging.
Therefore it is very necessary to explore the pathogenesis of ovarian cancer.
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Exosomes originally referred to discoidal vesicles with
a diameter of 40~100 nm that could be released into
extracellular matrix.10 Exosomes carrying a large number
of biomolecules including proteins, lipids, nucleic acids
(microRNAs (miRNAs), messenger RNAs (mRNAs), long
non-coding RNAs (lncRNAs), circular RNAs (circRNAs),
DNA, etc.) and could be transferred to other cells or
tissues in the circulatory system.11 This ability endow
exosomes with a variety of biological functions including
information transmission between cells, regulation of
tumor growth and migration, etc.12 For example, Feng
et al reported that tumor cells could secrete a large number
of exosomes; these exosomes could improve the distant
tumor microenvironment for tumor metastasis by regulat-
ing intercellular communication between ovarian cancer
cells and cancer-associated fibroblasts, as well as other
cells.13,14 In other words, exosomes from tumor cells
improve the local and distant microenvironment to a
large extent.13

Tumor microenvironment refers to the surrounding
microenvironment in which tumor cells exist.15 The
tumor microenvironment consists of surrounding blood
vessels, non-tumor cells (tumor-associated macrophages,
human umbilical vein endothelial cells (HUVECs), extra-
cellular matrix and so on.16 In addition, it has been
reported that tumor microenvironment could directly affect
the proliferation and migration ability of cancer cells.17 In
our previous research, knockdown of lncRNA activated by
transforming growth factor beta (TGF-β) (lncRNA ATB)
could notably inhibit the proliferation and viability via
inducing the apoptosis of ovarian cancer cells. Moreover,
we found lncRNA ATB promote the tumorigenesis of
ovarian cancer cells in vitro and in vivo by regulating
miR-204-3p/Nidogen 1 axis.18 In the current study, we
aimed to explore the relationship between exosomal
lncRNA ATB and tumor microenvironment in ovarian
cancer.

Materials and Methods
Cell Culture
Human umbilical vein endothelial cells and ovarian cancer
cell lines SKOV3 and A2780 were purchased from
American Type Culture Collection (ATCC, Manassas,
VA, USA). Cells were cultured in RPMI-1640 supplemen-
ted with 2 mM Glutamine (Sigma Aldrich, St. Louis, MO,
USA) and 10% FBS at 37°C with 5% CO2. ITD-1 was

purchased from MedChemExpress (Monmouth Junction,
NJ, USA).

Cell Transfection
Previously we showed that lncRNA ATB was highly
expressed in SKOV3 and A2780 cells,18 vector-control
(ctrl), lncRNA ATB small interfering RNA (siRNA) 1
and lncRNA ATB siRNA 2 were transfected into
SKOV3 and A2780 cells using Lipofectamine® 2000
(Thermo Fisher Scientific, Waltham, MA, USA). Vector-
ctrl sequences: GAGGTTGAATAAGAAGAACCTCACA;
lncRNA ATB siRNA 1 sequences: CCACAGCTGG
TAATGTGCATAGTCT; and lncRNA ATB siRNA 2
sequences: CAGGTACTGTGAGTGCTCACCTGAT. All
these siRNAs were obtained from RiboBio (Guangzhou,
China).

MiR-204-3p agomir and miR-204-3p agomir control
(GenePharma, Shanghai, China) were transfected into
HUVECs with Lipofectamine® 2000 as well.

Reverse Transcription-Quantitative PCR
(RT-qPCR)
Total RNAs were separated from SKOV3, A2780 and
HUVEC cells with TRIZOL reagent (Invitrogen,
Carlsbad, CA, USA). In addition, cDNA was synthesized
using an EntiLink™ 1st Strand cDNA Synthesis Kit (ELK
Biotechnology, Wuhan, China). Next, RT-qPCR was per-
formed using with a StepOne™ Real-Time PCR System
(Thermo Fisher Scientific, Waltham, MA, USA). β-actin
was worked as internal control for lncRNA ATB. The
following primers were used: β-actin, Forward: 5ʹ-
GTCCACCGCAAATGCTTCTA-3ʹ, reverse: 5ʹ-TGCTGT
CACCTTCACCGTTC-3ʹ; lncRNA ATB, forward: 5ʹ-
GAGGCTGGTTGACATGCCTT-3ʹ, reverse: 5ʹ-GAGCAT
CTCTGGGTGCTGGT-3ʹ. Data was analyzed by the
2−ΔΔCt method.

Cell Counting Kit-8 (CCK8) Assay
HUVECs were seeded to 96 well plates (5×103 cells per
well) and treated with exosomes that were derived from
SKOV3 or A2780 cells (SKOV3 Exo or A2780 Exo) for
24 h. Then, cells were cultured in RPMI-1640 medium and
treated with 10 μL CCK8 reagent at 37°C for 2 h. Next, a
microplate reader (Bio-Rad, Hercules, CA, USA) was used
to measure the optical density at 450 nm. CCK8 solution
was provided by Dojindo (Kumamoto, Japan).
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Exosomes Isolation, Characterization,
Labeling and Uptake
SKOV3 and A2780 cells were cultured in RPMI-1640
medium for 48 h. Then, exosomes were separated from
SKOV3 or A2780 cells by ultracentrifugation. The details
are as follows: RPMI-1640 medium was enriched and
centrifuged at 650 g for 15 min. Next, to continue collect-
ing exosomes from medium, the sample was centrifuged at
155,00 g for 20 min at 4°C. Then a 0.22 μm filter mem-
brane (Millipore, Billerica, MA, USA) was used to filter
the sample, followed by centrifuged at 120,000 g for 60
min at 4°C. After washing with 100 μL PBS, the exosomes
were enriched. The concentrations of exosomes used in the
current study were 50 μg/mL in vitro and 10 mg/kg in
vivo, respectively.

Transmission electron microscopy (TEM) was per-
formed to observe the morphology of exosomes. Firstly,
2% paraformaldehyde was used to fix exosomes. Then,
phosphotungstic acid (2%) was used to stain exosomes for
2 min. Finally, a TEM (TEM, Hitachi HT7700, Tokyo,
Japan) was applied to observe the results of staining.
Nanoparticle tracking analysis (NTA) instrument
(ZetaView, Particle Metrix, Meerbusch, Germany) was
performed to measure the size of exosomes.

Regarding as exosomes uptake, PKH26 labeled-exo-
somes were cultured with HUVECs for 0, 1, 2, 4 h.
Nystatin or heparin was used to inhibit exosomes uptake.
Cytoskeleton was stained using fluorescent phalloidin dye
(Thermo Fisher Scientific). Finally, a fluorescence micro-
scope (Olympus CX23, Tokyo, Japan) was used to observe
the results of staining.

Western Blot Assay
HUVECs were seeded to 6 well plates (2×105 cells per
well) and treated with ovarian cancer-derived exosomes
with or without lncRNA siRNA2. Then, HUVECs were
collected in RIPA lysis buffer (ASPEN Biotechnology
CO., LTD, Wuhan, China) and was lysed in the culture
plate for 5 min. Next, the protein concentrations were
quantified by The BCA protein assay kit (Beyotime,
Shanghai, China). Proteins samples (30 μg/lane) were
separated by 10% SDS–PAGE, followed by transferred
onto PVDF membranes (Millipore). After that, the mem-
branes were incubated with primary antibodies of CD81
(1:1000, Abcam, Cambridge, MA, USA, cat. no.
ab109201), TSG101 (1:1000, Abcam, cat. no. ab125011),
p-Smad2 (1:1000, Abcam, cat. no. ab280888), Smad2

(1:1000, Abcam, cat. no. ab33875), E-cadherin (1:1000,
Abcam, cat. no. ab231303), N-cadherin (1:1000, Abcam,
cat. no. ab76011) and β-actin (1:1000, Abcam, cat. no.
ab8226) at 4°C overnight. On the following day, the
membrane was washed with TBST for three times and
incubated with corresponding secondary antibodies for
1 h at room temperature. Finally, an enhanced chemilumi-
nescence (ECL) reagent (Millipore) was used to visualize
the bands.

Tube Formation Assay
Matrigel-coated 24-well transwell (8 μm pore size,
Corning, New York, NY, USA) was used to perform tube
formation assay. HUVECs were cultured into the matrigel-
coated well at a density of 1×105 cells at 37°C with 5%
CO2. Then, the cells were treated with ovarian cancer
cells-derived exosomes with or without lncRNA siRNA2
for 24 h. Finally, a microscope was used to observe the
results of tube formation.

Transwell Assay
HUVECs migration ability was detected by transwell
assay. HUVECs were added to the upper chamber supple-
mented with 100 µL serum-free RPMI-1640 medium.
Meanwhile, 600 μL complete RPMI-1640 medium was
added to the lower chamber. HUVECs migrated from the
upper chamber to the lower chamber after 24 h of incuba-
tion. Then, 4% paraformaldehyde was used to fix
HUVECs located in the lower chamber. Next, 0.1% crystal
violet solution was used to stain the HUVECs for 10 min.
Finally, a microscope was used to observe the results of
staining.

Wound Healing Assay
HUVECs were seeded to 6 well plates (5×105/cell). After
a monolayer of cells had covered the surface of the med-
ium, parallel scratches were made in each hole with
200 μL pipette tips. Next, the floating cells were washed
off with PBS and images were taken with a microscope at
0 and 24 h.

Dual-Luciferase Reporter Assay
The pGL6-miR-based luciferase reporter plasmids con-
taining wild-type (WT) TGFβR2 3ʹUTR or mutated-type
(MT) TGFβR2 3ʹUTR at the putative binding sites of miR-
204-3p were purchased from by Sangon Biotech
(Shanghai, China). The luciferase reporter plasmids
together with miR-204-3p agomir NC or miR-204-3p
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agomir (10 nM) were transfected into HUVECs using with
Lipofectamine® 2000 for 48 h. Then, the Dual Luciferase
Reporter Assay System (Beyotime) was performed to
detect luciferase activity.

In vivo Model of Animals
A total of 18 BALB/nude mice (6 weeks old) were
obtained from Vital River (Beijing, China). These mice
were housed in a specific-pathogen-free (SPF) animal
facility at 24 ± 2°C constant temperature with 60% humid-
ity. SKOV3 cells (5×106; 100 μL) were injected into
mouse subcutaneously. Tumor size (mm3) was measured
weekly according to the equation: (length×width^2)/2.
When the tumor volume research about 200 mm3,
SKOV3 Exo or A2780 Exo (10 mg/kg) were injected
into mice via the tail vein twice weekly. At the end of
study, animals were sacrificed and the tumors were col-
lected and pictured. Subsequently, the weight of each
tumor was measured. All animal procedures were
approved by Taizhou People’s Hospital. The National
Institute of Health Guide for the Care and Use of
Laboratory Animals was strictly followed.

Immunohistonchemistry (IHC) Staining
IHC staining was performed to detect the relative level of
CD31 and p-Smad2. Firstly, 4% paraformaldehyde was
used to fix tumors tissues for 10 min. Next, primary anti-
bodies (anti-CD31 (1:1000, Abcam, cat. no. ab182981);
p-Smad2 (1:1000, Abcam, cat. no. ab280888)) were incu-
bated with the samples. Then, corresponding secondary
antibodies (Goat anti-rabbit IgG antibody (1:1000,
Abcam, cat. no. ab150077)) were incubated with the sam-
ples. Finally, a microscope was used to observe the results
of staining.

Statistical Analysis
The data were analyzed via GraphPad Prism software
(version 7.0, La Jolla, CA, USA). All of the data are
presented as the mean ± standard deviation (SD). The
differences between multiple means were analyzed by
One-way analysis of variance (ANOVA), followed by
Tukey’s tests. A statistically difference was indicated as
*P < 0.05.

Results
Knockdown of lncRNA ATB Inhibits the
Viability of Ovarian Cancer Cells
In our previous research, the results showed that lncRNA
ATB was highly expressed in ovarian cancer cells.18 To
verify the efficiency of lncRNA ATB siRNAs, RT-qPCR
assay was performed to evaluate the level of lncRNA ATB
in SKOV3 or A2780 cells. As revealed in Figure 1A and
B, lncRNA ATB siRNA 1 and lncRNA ATB siRNA 2
obviously downregulated the level of lncRNA ATB in
ovarian cancer cells, compared with the control group.
Since siRNA 2 exhibited better inhibitory effect on
lncRNA ATB expression, siRNA 2 was selected of use
in the following experiment. In addition, lncRNA ATB
siRNA 2 significantly inhibited the viability of ovarian
cancer cells (Figure 1C and D). All in all, lncRNA ATB
knockdown notably inhibited the viability of ovarian can-
cer cells.

Ovarian Cancer Cells-Derived Exosomes
are Transferred into HUVECs
Evidence has shown that tumor cells-secreted exosomes
could influence the tumor microenvironment.13 In order to
explore the relationship between exosomal lncRNA ATB

Figure 1 Knockdown of lncRNA ATB inhibits the viability of ovarian cancer cells. (A and B) Vector-control (ctrl), lncRNA ATB siRNA 1 and lncRNA ATB siRNA 2 (20 nM)
were transfected into SKOV3 and A2780 cells using Lipofectamine® 2000 for 24 h. RT-qPCR assay was performed to evaluate the level of lncRNA ATB in SKOV3 or A2780
cells. (C and D) CCK8 assay was performed to detect the viability of ovarian cancer cells. **P < 0.01 compared with blank group; n = 3.
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and tumor microenvironment, ovarian cancer cells-derived
exosomes were collected in the current study. Exosome
characterization was performed with TEM, NTA and
Western blotting assays. As indicated in Figure 2A and
B, ovarian cancer cells-derived exosomes were small vesi-
cles approximately 30–150 nm in diameter with a typical
lipid bilayer structure. Western blot data indicated that the
levels of CD81 and TSG101 (exosome markers) were
highly expressed in SKOV3 Exo and in A2780 Exo
(Figure 2C). These results revealed that ovarian cancer
cells-derived exosomes were successfully collected.
Additionally, it has been reported that exosomes secreted
from cancer cells could be transported to HUVECs.19

Therefore, we next investigate whether exosomes secreted
from ovarian cancer cells could be transported to
HUVECs. As showed in Figure 2D and E, PKH26 labeled
exosomes were absorbed by HUVECs in a time dependent
manner, and these phenomena were notably reversed in the
presence of nystatin or heparin. To sum up, ovarian cancer
cells-secreted exosomes were collected and transferred
into HUVECs.

Exosomal lncRNA ATB Derived from
Ovarian Cancer Cells Promotes the
Viability and Angiogenesis of HUVECs
Next, to investigate the effect of ovarian cancer cells-
secreted exosomes on HUVECs, CCK8 assay was per-
formed. As indicated in Figure 3A, the viability of

HUVECs was significantly enhanced by SKOV3 Exo or
A2780 Exo. Meanwhile, SKOV3 Exo or A2780 Exo expo-
sure significantly increased the expressions of lncRNA
ATB in HUVECs (Figure 3B). Expectedly, lncRNA ATB
siRNA2 remarkably decreased the level of lncRNA ATB
in HUVECs that were treated with SKOV3 Exo or A2780
Exo (Figure 3C). In addition, SKOV3 Exo or A2780 Exo
significantly promoted the tube formation of HUVECs;
however, these phenomena were reversed in the presence
of lncRNA ATB siRNA2 (Figure 3D). All these data
suggested that exosomal lncRNA ATB derived from ovar-
ian cancer cells could promote the viability and angiogen-
esis of HUVECs.

Exosomal lncRNA ATB Derived from
Ovarian Cancer Cells Promotes the
Migration of HUVECs
To explore the effect of ovarian cancer cells-secreted exo-
somes on the migration of HUVECs, transwell migration
and wound healing assays were used. The results showed
that SKOV3 Exo or A2780 Exo significantly increased the
migration ability of HUVECs, compared with the control
group. In consistently, these phenomena were notably pre-
vented after transfection of lncRNA ATB siRNA2
(Figure 4A and B). In addition, co-culture of ovarian
cancer cells and HUVECs experiment was carried out
accordingly. The result indicated the co-culture remark-
ably promoted the migration and viability of HUVECs,

Figure 2 Ovarian cancer cells-derived exosomes are transferred into HUVECs. (A and B) Exosomes were isolated from SKOV3 or A2780 cells and exosome
characterization was performed with TEM, NTA. (C) Western blot was performed to detect the levels of CD81 and TSG101 in SKOV3 Exo or in A2780 Exo. (D and
E) Exosomes uptake by HUVECs was detected using PKH26 dye. Red color: exosome; green color: HUVECs. N = 3.
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whereas these promotions were completely reversed by
lncRNA ATB siRNA2 (Supplementary Figure 1A–C).
All these data indicated that exosomal lncRNA ATB
derived from ovarian cancer cells promoted the migration
of HUVECs.

Exosomal lncRNA ATB Derived from
Ovarian Cancer Cells Changes the
Expression of Epithelial-Mesenchymal
Transformation Markers in HUVECs via
Regulating miR-204-3p/TGFβR2 Axis
Our previous work presented that miR-204-3p was a direct
target of lncRNA ATB.18 To explore the mechanism by
which exosomal lncRNA ATB regulated tumor microen-
vironment, the potential target genes of miR-204-3p was
identified by three online bioinformatics databases

(TargetScan, miRDB, and miRWalk). There online bioin-
formatics databases commonly suggested TGFβR2 might
be a potential target of miR-204-3p (Figure 5A). In addi-
tion, previous research suggested that TGFβR2 plays a
crucial role in ovarian cancer.20–22 Therefore, we focused
on exploring the relationship between TGFβR2 and miR-
204-3p. As indicated in dual luciferase assay, miR-204-3p
agomir markedly inhibited the activity of HUVECs har-
boring WT TGFβR2, but had no effect on cells containing
MT TGFβR2 (Figure 5B). Meanwhile, miR-204-3p ago-
mir markedly inhibited the level of TGFβR2 in HUVECs,
compared with the control group (Figure 5C).

Next, TGFβ signaling pathway associated proteins (p-
Smad2 and Smad2) and epithelial-mesenchymal transfor-
mation (EMT) associated markers (E-cadherin and
N-cadherin) were detected by Western blotting.23,24 As
indicated in Figure 5D–G, SKOV3 Exo or A2780 Exo

Figure 3 Exosomal lncRNA ATB derived from ovarian cancer cells promotes the viability and angiogenesis of HUVECs. HUVECs were treated with ovarian cancer cells-
derived exosomes with or without lncRNA ATB siRNA for 24 h. (A) CCK8 assay was performed to detect the viability of HUVECs. (B and C) RT-qPCR assay was
performed to evaluate the level of lncRNA ATB in HUVECs. (D) A microscope was used to observe the result of tube formation. *P < 0.05, **P < 0.01; n = 3.
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Figure 4 Exosomal lncRNA ATB derived from ovarian cancer cells promotes the migration of HUVECs. HUVECs were treated with ovarian cancer cells-derived exosomes
with or without lncRNA ATB siRNA for 24 h. (A and B) Transwell and wound healing assays were performed to detect the migration of HUVECs. **P < 0.01; n = 3.

Figure 5 Exosomal lncRNA ATB derived from ovarian cancer cells changes the expression of a few EMT markers in HUVECs via regulating miR-204-3p/TGFβR2 axis. (A)
Three online bioinformatics databases (Targetscan, miRDB, miRWalk) were used to predict the target genes of miR-204-3p. (B) MiR-204-3p agomir and miR-204-3p agomir
NC were transfected into HUVECs with Lipofectamine® 2000. Dual-luciferase reporter assay was used to confirm the binding of miR-204-3p and TGFβR2. (C) RT-qPCR
assay was performed to evaluate the level of TGFβR2 in HUVECs. (D–G) Western blot was performed to detect the levels of p-Smad2, Smad2, E-cadherin and N-cadherin in
HUVECs. **P < 0.01; n = 3.

Cancer Management and Research 2022:14 https://doi.org/10.2147/CMAR.S330368

DovePress
333

Dovepress Yuan et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


obviously increased the expressions of p-Smad2 and
N-cadherin, and decreased the level of E-cadherin in
HUVECs, while these changes were markedly reversed
by lncRNA ATB siRNA2. Collectively, exosomal
lncRNA ATB derived from ovarian cancer cells could
change the expression of EMT markers in HUVECs via
regulating miR-204-3p/TGFβR2 axis.

Exosomal lncRNA ATB Derived from
Ovarian Cancer Cells Promote the
Migration of HUVECs via Regulating miR-
204-3p/TGFβR2
It has been reported that ITD-1 could initiate the degrada-
tion of TGF-β receptors, thereby blocking TGF-β
signaling.25 In order to further investigate the role of
TGFβR2 on cell migration, rescue experiments were per-
formed. As revealed in Figure 6A and B, SKOV3 Exo or
A2780 Exo notably promoted the migration of HUVECs,
while there effects were revered by ITD-1. These data

confirmed that exosomal lncRNA ATB derived from ovar-
ian cancer cells promoted the migration of HUVECs via
regulating miR-204-3p/TGFβR2 axis.

Exosomal lncRNA ATB Derived from
Ovarian Cancer Cells Promote Tumor
Growth in vivo
Finally, to investigate the function of ovarian cancer cells-
derived exosomes in tumorigenesis, ovarian xenograft
mouse model was established. As indicated in
Figure 7A–C, SKOV3 Exo or A2780 Exo markedly pro-
moted the tumor volume and tumor weight in mice, com-
pared with the control group. Moreover, IHC staining
results showed that ovarian cancer cells-derived exosomes
significantly increased the levels of CD31 and p-Smad2 in
tumor tissues (Figure 7D and E). Meanwhile, SKOV3 Exo
or A2780 Exo obviously decreased the expression of
E-cadherin and increased the level of N-cadherin in
tumor tissues (Figure 7F–H). These data suggested that

Figure 6 Exosomal lncRNA ATB derived from ovarian cancer cells promote the migration of HUVECs via regulating miR-204-3p/TGFβR2. HUVECs were treated with
ovarian cancer cells-derived exosomes with or without 10 μM ITD1 for 24 h. (A and B) Transwell and wound healing assays were performed to detect the migration of
HUVECs. **P < 0.01; n = 3.
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exosomal lncRNA ATB derived from ovarian cancer cells
could promote tumor growth in vivo.

Discussion
In recent years, exosomes have become the focus of research.
Tumor cell-derived exosomes can alters tumor microenviron-
ment and promote tumorigenesis.26 For example, the expres-
sion of epithelial ovarian cancer (EOC) serum derived
exosome lncRNA aHIF significantly promotes ovarian cancer
development.27 We have previously demonstrated that
lncRNA-ATB promotes the tumorigenesis of ovarian cancer
via binding miR-204-3p.18 Here, the relationship between
ovarian cancer cells-derived exosomes and tumor

microenvironmentwas investigated aswell. The result showed
that SKOV3 Exo or A2780 Exo significantly increased the
expression of lncRNA ATB in HUVECs. These results are
consistent with previous studies which reported that exosomes
from different tumor cells (leukemia, myeloma, breast cancer,
osteosarcoma, etc.) could promote the proliferation andmetas-
tasis of tumor cells by transmitting genetic information (pro-
tein, microRNA, lncRNA, etc.).28 These phenomena indicate
that these exosomes can mediate exchange of information and
material between cells by carrying a variety of biologically
active substances such as lncRNA.

As we know, mesenchymal stem cells (MSCs),
macrophages and HUVECs constitute the tumor

Figure 7 Exosomal lncRNA ATB derived from ovarian cancer cells promote tumor growth in vivo. (A) Tumor volume was measured weekly. (B and C) In the end of study,
the tumors were pictured and weighted. (D and E) IHC staining was performed to evaluate the level of CD31 and p-Smad2 in tumor tissues. (F–H) Western blot was used
to detect the levels of E-cadherin and N-cadherin in tumor tissues. **P < 0.01 compared with control group; n = 6.
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microenvironment, which affects the migration and
growth of tumors.29 The outcomes of current study
showed that exosomal lncRNA ATB derived from ovar-
ian cancer cells promoted the viability, angiogenesis and
migration of HUVECs; however, knockdown of lncRNA
ATB reversed these phenomena. A previous study sug-
gested that exosomal miR-205 isolated from ovarian can-
cer cells could manage the information transmission
between ovarian cancer cells and HUVECs and promote
the metastasis of ovarian cancer cells.30 Different from
this study, we found lncRNA ATB could be transferred
into HUVECs via exosome and alters tumor
microenvironment.

It must be admitted that there are some limitations in
the current study. For example, the mechanism by which
exosomal lncRNA ATB regulates the development of
ovarian cancer has not been thoroughly studied. In addi-
tion to miR-204-3p, lncRNA ATB alters tumor microen-
vironment might binding other miRNAs. In addition, the
effect of exosomal lncRNA ATB on macrophage polariza-
tion remains unclear and more experiments are needed to
be performed.

Based on the outcomes of our previous work and
current study, lncRNA ATB directly promote the develop-
ment of ovarian cancer. In addition, exosomal lncRNA
ATB derived from ovarian cancer cells could improve
tumor microenvironment via regulating miR-204-3p/
TGFβR2 axis and thereby promotes tumorigenesis of ovar-
ian cancer.

In conclusion, knockdown of lncRNA ATB not only
directly inhibit the tumorigenesis of ovarian cancer, but
also inhibit the angiogenesis in the tumor microenviron-
ment. These data may provide new knowledge for the
treatment of ovarian cancer.
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