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Abstract

Exosomes mediate cell-cell crosstalk in cancer progression by transferring their molecular cargos,
including long noncoding RNAs (IncRNAs). Metastasis-associated lung adenocarcinoma transcript |
(MALATT) is a well-known IncRNA associated with cancer angiogenesis and metastasis. However,
the presence of MALAT in exosomes and the roles and clinical values of exosomal MALATT in
epithelial ovarian cancer (EOC) remain unknown. The present study focused on the crosstalk
between EOC cells and endothelial cells mediated by exosomal MALAT1 and aimed to explore the
roles of exosomes and exosomal MALAT | in EOC angiogenesis and to reveal the clinical relevance
and prognostic predictive value of serum exosomal MALAT1 in EOC. We observed that MALAT
was increased in both metastatic EOC cells and their secreted exosomes. Exosomal MALATI
derived from EOC cells was transferred to recipient human umbilical vein endothelial cells
(HUVECG:) via exosomes. In vitro and in vivo experiments demonstrated that MALAT | knockdown
impaired the exosome-mediated proangiogenic activity of HUVECs through certain key
angiogenesis-related genes. Clinically, elevated serum exosomal MALAT1 was highly correlated
with an advanced and metastatic phenotype of EOC and was an independent predictive factor for
EOC overall survival (OS). Moreover, a prognostic nomogram model we constructed showed a
good prediction of the probability of 3-year OS of EOC patients according to the c-index (0.751,
95% confidence interval [CI]=0.691-0.811) and calibration curve. Collectively, our data provide a
novel mechanism by which EOC cells transfer MALAT1 via exosomes to recipient HUVECs and
influence HUVECs by stimulating angiogenesis-related gene expression, eventually promoting
angiogenesis. Additionally, circulating exosomal MALAT1 can serve as a promising serum-based,
noninvasive predictive biomarker for EOC prognosis.
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Introduction

Epithelial ovarian cancer (EOC), which has poor
five-year survival rate of only 30%, is the deadliest
gynaecological cancer [1-3]. Widespread metastases
account for the poor prognosis and most deaths in
EOC patients and pose a major challenge for EOC
treatment [2]. Therefore, a thorough exploration of the

mechanisms underlying EOC metastasis is urgently
needed, which may provide potential novel
biomarkers for EOC prognosis and novel molecular
targets for therapy.

Angiogenesis, a common feature of all tumours,
is a prerequisite for tumour metastasis [4,5].
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Angiogenesis participates in supplying tumours with
nutrients and oxygen for continuous tumour growth
and metastasis. Additionally, angiogenesis can help
malignant cells to leave the primary site for the
circulatory system or distant organs, resulting in
metastasis  [6-11]. Therefore, elucidating the
mechanisms of EOC angiogenesis is critical for
understanding and treating EOC metastasis and
progression. To date, numerous proangiogenic
molecules, including proteins and noncoding RNAs,
have been identified as contributing to EOC
angiogenesis  [5-11]. Metastasis-associated lung
adenocarcinoma  transcript 1 (MALAT1), a
well-known long noncoding RNA (IncRNA >200
nucleotides), especially caught our attention because
it plays powerful roles in promoting cancer
angiogenesis and metastases in various cancers
[12-20]. However, despite the progress of research on
the involvement of MALATI in cancer, the precise
mechanisms, especially how cancer cells transfer
MALAT1 to surrounding cells thereby promoting
angiogenesis and metastases, remain largely
unknown.

Exosomes, small membrane vesicles of 30-150
nm in size that are derived from multiple cells, are of
particular interest because they can mediate cell-cell

communication and achieve diverse biologic
functions through the transfer of their cargo
molecules, such as proteins, DNAs, RNAs,

microRNAs (miRNAs) and IncRNAs [21-30]. Most
recently, exosome-mediated transfer of IncRNAs to
influence recipient cells is emerging as a novel
mechanism for cancer progression. For example,
IncRNA-H19 can be taken up by endothelial cells via
exosomes to promote adhesion and angiogenesis [31].
Exosomal linc-POU3F3 derived from glioma cells can
be transferred to endothelial cells to promote
angiogenesis [32]. Additionally, serum exosomal
IncRNAs, such as CRNDE-h, HOTAIR and
IncRNA-p21, have emerged as noninvasive cancer
diagnostic and prognostic markers [33-35]. For
MALAT1, although a few recent studies have linked
exosomal MALAT1 to cervical cancer, lung cancer
and breast cancer [36-38], no published studies have
explored the clinical value of exosomal MALATI in
EOC or clarified its roles in EOC progression,
especially in EOC angiogenesis.

The present study demonstrated that EOC cells
could transfer MALAT1 via exosomes to recipient
HUVECs and influence HUVECs by stimulating
angiogenesis-related gene expression, eventually
promoting angiogenesis. Additionally, elevated
serum exosomal MALAT1 levels were correlated with
advanced and metastatic clinical characteristics and
poor prognosis of EOC patients. This study is the first

to explore the unique crosstalk between EOC cells and
endothelial cells mediated by exosomal MALATI to
promote cancer angiogenesis and the first to reveal
the clinical relevance and prognostic value of serum
exosomal MALAT1 in EOC.

Materials and methods

Cell lines and cell culture

Two paired EOC cell lines that are metastatic
(SKOV3.ip1, HO8910.PM) and their parental (SKOV3,
HO8910) sublines [39-42] were gifts from the
University of Texas MD Anderson Cancer Center
(Houston, TX, USA). Human umbilical vein
endothelial cells (HUVECs) used for angiogenesis
assays were purchased from American Type Culture
Collection (ATCC, Manassas, VA, USA). EOC cells
and HUVECs were cultured in DMEM medium
(Gibco BRL, Gaithersburg, MD, USA) supplemented
with 10% foetal bovine serum (FBS; Gibco), 100
units/ml penicillin and 100 mg/ml streptomycin in a
humidified 5% CO» incubator at 37°C.

Patients and samples

Sixty EOC patients recruited from January 2011
to December 2013 at the Obstetrics and Gynecology
Hospital of Fudan University were included based on
the availability of blood samples and follow-up data.
Staging and grading were evaluated according to the
criteria of the International Federation of
Gynecologists and Obstetricians (FIGO) and the
World Health Organization (WHO). Patients were
excluded if they had received preoperative therapies
or had more different malignancies. Healthy controls
were recruited from outpatients who had undergone
a general medical examination. Serum was separated
from each participant and stored at -80°C before use.

The clinical and follow-up data of the EOC
patients were collected. Overall survival (OS) was
calculated from the date of surgery until the date of
death or the end of the follow-up period (December
2017). The Ethics Committee of Obstetrics and
Gynecology Hospital of Fudan University approved
this study. Informed consent was obtained from all
participants.

Quantitative real-time polymerase chain
reaction (QRT-PCR)

RNA extraction from cells and exosomes and
qRT-PCR were conducted as previously described
[43-44]. All assays were performed in triplicate.
Statistical analyses of the results were performed
using the 2-44Ct relative quantification method. The
primer sequences were as follows: MALAT1 forward,
5'-CTTCCCTAGGGGATTTCAGG-3' and reverse,
5'-GCCCACAGGAACAAGTCCTA-3; GAPDH
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forward, 5-GTCAACGGATTTGGTCTGTATT-3' and
reverse, 5'-AGTCTTCTGGGTGGCAGTGAT-3'.

Establishment of MALAT 1-knockdown stable
cell lines

The  target sequences of the two
MALAT1-shRNAs were 5-ACGGAAGTAATTCAAG
ATCAA-3' (MALAT1-shl) and 5-TTGCAGAGGCA
TTTCATCCTT-3' (MALAT1-sh2).  Lentiviruses
encoding the two shRNAs (MALATI-knockdown,
KD1 and KD2) and the negative control (NC) were
constructed by Hanyin Co. (Shanghai, China). After
lentiviral infection, stable cell lines were established
as follows: SKOV3.ipl-KD1, SKOV3.ip1-KD2,
SKOV3.ip1-NC, HO8910.PM-KD1, HO8910.PM-KD2
and HO8910.PM-NC. The efficiency of MALATI
knockdown was determined using qRT-PCR.

Isolation of exosomes from cell supernatants
and patient serum

For isolation of exosomes from cell supernatants,
cells were initially cultured in exosome-free medium
for 3 days. Then, the exosomes were isolated and
purified from the cell supernatants by using the total
exosome isolation reagent (from cell culture media)
kit #44578259 (Thermo Fisher Scientific, CA, USA)
according to the protocol. Exosomes derived from
SKOV3.ipl, HO8910.PM, SKOV3 and HO8910 cells
were termed Exo/SKOV3.ipl, Exo/HO8910.PM,
Exo/SKOV3 and Exo/HO8910. Exosomes derived
from SKOV3.ipl-KD cells, SKOV3.ip1-NC cells,
HO8910.PM-KD cells and HO8910.PM-NC cells were
named Exo/SKOV3.ipl-KD, Exo/SKOV3.ip1-NC,
Exo/HO8910.PM-KD and Exo/HO8910.PM-NC. To
isolate exosomes from human serum samples, an
ExoQuick Exosome Precipitation Solution kit
(catalogue no. EXOQ5A-1; System Biosciences, Palo
Alto, CA, USA) was used according to the protocol.
The exosomes were used immediately or stored at
-80°C.

Transmission electron microscopy (TEM)

Briefly, the exosome suspension was added to
an equal volume of 4% paraformaldehyde and
applied to a  Formvar/carbon film-coated

transmission electron microscope grid (Alliance
Biosystems, Inc.,, Osaka, Japan). Subsequently,
samples was fixed by incubation with 1%

glutaraldehyde, washed with PBS, contrasted with 1%
uranyl acetate, embedded in epoxy resin and
polymerized. Exosomes were subsequently observed
under a Hitachi H-7650 transmission electron
microscope (Hitachi, Ltd., Tokyo, Japan).

Nanoparticle tracking analysis (NTA)
Briefly, the exosomes were resuspended in PBS

and filtered with a syringe filter (Millipore). Then, the
samples were diluted until individual nanoparticles
could be tracked. The size distribution of the
exosomes was evaluated using a NanoSight NS300

instrument (Malvern Instruments Ltd,
Worcestershire, UK).
Western blotting

To identify exosome markers, primary

antibodies against CD63 and TSG101 were purchased
from Abcam (Cambridge, UK), and primary
antibodies against Hsp 70 and Hsp 90 were obtained
from Cell Signaling Technology (CST, Beverly, MA,
USA). The secondary antibodies were F(ab)2
fragments of donkey anti-mouse immunoglobulin or
donkey anti-rabbit immunoglobulin linked to
horseradish peroxidase (Jackson ImmunoResearch,
Inc., USA). Immunoblotting reagents from an
electrochemiluminescence kit were used (Amersham
Biosciences, Uppsala, Sweden).

Exosome labelling and tracking

To track exosome internalization, exosomes
were fluorescently labelled using the green dye
PKH67 (Sigma-Aldrich, St. Louis, MO, USA)
according to the manufacturer’s protocol. The labelled
exosomes were added to HUVECs and incubated for 6
h. The uptake of labelled exosomes by the recipient
HUVECs was observed by a Leica TCS SP5 II laser
scanning confocal microscope.

Inhibition of exosome release

Exosome release was blocked using GW4869
(Santa Cruz Biotechnology, Santa Cruz, CA, USA), a
specific chemical inhibitor of nSMase2. Cells were
pre-seeded and cultured for 12 h in complete
medium. After incubation, the medium was changed
to fresh complete medium with GW48609.

Tube formation assay

Tube formation assay was performed to assess
the angiogenic potential. Growth factor-reduced
Matrigel (BD Biosciences, San Jose, CA, USA) was
placed in 48-well plates. HUVECs were first incubated
with serum-free medium for 12 h and then transferred
onto the 48-well plates precoated with Matrigel. After
incubation for 10 h, tube formation was examined in
photographs taken under a microscope. The total tube
length was determined by measuring the branches of
blood vessels using Image]J software.

In vivo animal assay

Four-week-old (weighing 20-22 g) female
BALB/c athymic nude mice were purchased from
Slac Laboratory Animal Co. Ltd. (Shanghai, China)
and maintained in a pathogen-free animal facility. All
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animal experiments were approved by the
Institutional Animal Care and Use Committee of the
Fudan University. SKOV3.ipl cells (1 x 10°) were
injected intraperitoneally into the mice. Then, the
mice were injected with PBS, Exo/SKOV3.ip1-NC,
Exo/SKOV3.ip1-KD1 or Exo/SKOV3.ipl- KD2 twice
each week and were accordingly divided into four
groups (n=6 for each condition). After four injections,
all the mice were euthanized, and the tumours were
collected for weight, implant number and
immunohistochemical analyses.

Immunohistochemistry (IHC)

Vascular density was detected using CD31
staining. Xenograft tumours were fixed, embedded in
paraffin and sectioned into 4-pm thick slices. After
deparaffinization and rehydration, sections were
blocked and incubated with a CD31 antibody (Abcam,
USA). The quantitative analysis was performed on
five randomly selected, independent fields per
tumour.

Tumour angiogenesis PCR array

HUVECs co-cultured with PBS or exosomes
were collected, and mRNA was isolated using an
RNeasy kit according to the manufacturer’s protocol
(QIAGEN, Valencia, CA). cDNA was generated from
1 ng of total RNA with the Reverse Transcriptase First
Strand Kit and analysed via the Angiogenesis PCR
Array Kit according to the manufacturer’s
instructions (SABiosciences, Frederick, MD, USA).
Parallel samples were analysed to identify changes in
relevant gene expression.

Statistical analysis

Statistical analyses were performed using SPSS
for Windows version 16.0 (SPSS, Chicago, IL, USA).
Continuous data were analysed using independent
t-tests. Categorical data were analysed using
chi-square or Fisher’s exact tests. OS was calculated
using the Kaplan-Meier method and the log-rank test.
Multivariate survival analyses were performed using
Cox regression models. A predictive model was
constructed based on significant variables in the
multivariate  analysis by R  version 3.4.3
(https:/ /www.r-project.org/), and Harrell’s
concordance index (c-index) was used to assess its
predictive efficiency. P values <0.05 were considered
significant (P<0.05).

Results

MALATI expression is increased in metastatic
SKOV3.ipl and HO8910.PM EOC cells

We initially confirmed whether MALAT1 was
associated with EOC metastasis. As expected,

MALAT1 levels were higher in the metastatic
SKOV3.ipl and HOS8910.PM cells than in their
parental SKOV3 and HO8910 «cells (Fig. 1A),
suggesting that MALAT1 contributes to EOC
metastasis. Because the metastatic SKOV3.ipl and
HO8910.PM cells exhibited high MALAT1 expression,
we focused on them in the following studies.

Characterization of exosomes derived from
SKOV3.ipl and HO8910.PM cells

As exosomes are key mediators of cell-cell
communication to promote cancer progression, we
aimed to explore the exosome-based mechanism of
EOC progression. We initially isolated and
characterized exosomes derived from SKOV3.ipl and
HO8910.PM cells. TEM analysis showed that
Exo/SKOV3.ipl and Exo/HO8910.PM had similar
morphologies (30-150 nm in diameter) and exhibited a
round-shaped appearance (Fig. 1B). The NTA results
demonstrated that Exo/SKOV3.ipl and
Exo/HO8910.PM showed a similar size distribution,
and the peak size range was 80-135 nm (Fig. 1C).
Western blot analysis confirmed the presence of four
well-known exosomal markers, CD63, TSG101, Hsp
70 and Hsp 90 (Fig. 1D). These results indicated that
the exosomes were isolated successfully.

Additionally, we observed that MALATI levels
were significantly increased not only in metastatic
SKOV3.ipl and HOS8910.PM cells but also in their
secreted exosomes, and this increase in the exosomes
was more evident than that in the cells (Fig. 1E). These
results suggested that MALAT1 may act as not only
an intracellular IncRNA but also an exosomal IncRNA
and implied that both exosomes and exosomal
MALAT1 may play potential roles in EOC metastasis.

Exosomes derived from EOC cells promote
angiogenesis of HUVECs

Given that tumour-derived exosomes can be
internalized by recipient cells to achieve their function
and that angiogenesis is a prerequisite for EOC
metastasis, we focused on “tumour cell-endothelial
cell” communication and hypothesized that exosomes
derived from SKOV3.ipl and HO8910.PM cells may
be internalized by HUVECs and play a role in the
angiogenesis of HUVECs. As expected, HUVECs
exhibited an  uptake of  PKH67-labelled
Exo/SKOV3.ipl and Exo/HO8910.PM (Fig. 2A),
suggesting that exosomes derived from SKOV3.ipl
and HO8910.PM cells could be effectively internalized
by HUVECs.

Furthermore, tube formation assays revealed
that Exo/SKOV3.ipl and Exo/HO8910.PM increased
HUVEC angiogenesis compared with exosomes from
their parental cells, while treatment with GW4869
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Figure 1. Relative MALAT1 levels in EOC cells and their secreted exosomes. (A) qRT-PCR analysis shows that MALAT] levels in the highly metastatic
EOC cells (SKOV3.ipl, HO8910.PM) were higher than those in their parental cells. The data represent the means * standard deviation (SD) of three independent
experiments. The error bars denote the SD. * P<0.05. (B) Transmission electron microscopy images of Exo/SKOV3.ipl and Exo/HO8910.PM. (C) Nanoparticle
tracking analysis to determine the size distribution of Exo/SKOV3.ipl and Exo/HO8910.PM. The representative size distribution peaks of Exo/SKOV3.ipl and
Exo/HO8910.PM appear at 121 nm and 132 nm, respectively. (D) Western blotting analysis of the exosomal markers CD63, TSG101, Hsp 70 and Hsp 90 in
Exo/SKOV3.ipl and Exo/HO8910.PM. (E) qRT-PCR analysis of MALAT1 expression in EOC cells (SKOV3.ipl, HO8910.PM, SKOV3, and HO8910) and in their

secreted exosomes. * P<0.05.

significantly abolished the proangiogenic effect (Fig.
2B). These observations suggested that exosomes
derived from SKOV3.ipl and HO8910.PM cells could
promote angiogenesis of HUVECs.

Exosomes derived from EOC cells mediate the
transfer of MALATI1 to HUVECs

As cargo RNAs contained in exosomes are
responsible for exosome function, we hypothesized
that MALAT1 contained in exosomes might
contribute to such proangiogenic ability. To this end,
we first determined whether MALAT1 derived from
SKOV3.ipl and HO8910.PM cells could be transferred
to HUVECs via exosomes. We observed that
MALAT1 levels were significantly increased in
HUVECs treated with Exo/SKOV3.ipl and
Exo/HO8910.PM compared with those in untreated
HUVECs, and this increase was not prevented by an
RNA polymerase II inhibitor, which was consistent
with a previous study [27] (Fig. 3A). Collectively,

these findings suggested that MALAT1 could be
transferred from SKOV3.ipl and HO8910.PM cells to
recipient HUVECs via exosomes.

Exosomal MALATI1 promotes angiogenesis of
HUVECs

To further determine whether the proangiogenic
ability of Exo/SKOV3.ipl and Exo/HO8910.PM was
dependent on exosomal MALATI, we first silenced
MALAT1 expression and found that both
MALATI-KD1 and MALATI-KD2 efficiently
decreased MALAT1 levels not only in SKOV3.ip1 and
HO8910.PM cells but also in their secreted exosomes
and the recipient HUVECs (Fig. 3B). Strikingly, the
tube formation assay showed that MALATI1
knockdown impaired the proangiogenic ability of
Exo/SKOV3.ipl and Exo/HO8910.PM in HUVECs
(Fig. 3C). These results suggested that exosomal
MALAT1 was responsible for the proangiogenic
ability of Exo/SKOV3.ipl and Exo/HO8910.PM.
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Figure 2. Exosomes derived from SKOV3.ipl and HO8910.PM cells promote angiogenesis of HUVECs. (A) Internalization of exosomes derived from
SKOV3.ipl and HO8910.PM cells by HUVECs. PKH67 (green fluorescent dye)-labelled exosomes derived from SKOV3.ipl and HO8910.PM cells were taken up by
HUVECs. (B) Tube formation of HUVECs. HUVECs were separately co-cultured with Exo/SKOV3, Exo/SKOV3.ipl and Exo/SKOV3.ipl + GW4869 and were
co-cultured with Exo/HO8910, Exo/HO8910.PM and Exo/HO8910.PM + GW4869. Left: representative photographs illustrating the dynamics of the vascular

behaviour of HUVECs. Right: the relative tube lengths in HUVECs. * P<0.05.

Exosomal MALATI1 promotes tumour
angiogenesis, growth and implantation in vivo
To further estimate the effects of exosomal

MALAT1 in vivo, we constructed a mouse model of
intraperitoneal implantation as described previously

[45-47].  After four injections with  PBS,
Exo/SKOV3.ip1-NC, Exo/SKOV3.ip1-KD1 or
Exo/SKOV3.ip1-KD2, we observed significant

differences in peritoneal tumor growth and implants
between  these  groups. The  mice in
Exo/SKOV3.ipl-NC group developed more and
larger tumors in the peritoneal region compared to

Exo/SKOV3.ip1-KD group and PBS group (Fig. 4A).
The average numbers of tumor implants in the
different groups were shown in Fig. 4B. These
observations indicated that MALAT1 knockdown
decreased exosome-mediated tumour growth and
implantation in vivo. Additionally, the density of
blood vessels (assessed via CD31 staining) was
decreased in the Exo/SKOV3.ipl-KD tumours
compared with the Exo/SKOV3.ip1-NC tumours (Fig.
4C), confirming that MALAT1 knockdown attenuated
the exosome-mediated promotion of tumour
angiogenesis in vivo, which corresponds to the in
vitro results.
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Figure 3. Knockdown of exosomal MALAT1 attenuates the angiogenesis of HUVECs. (A) The transfer of exosomal MALAT1 from SKOV3.ipl and
HOB8910.PM cells to HUVECs. MALAT levels were increased in HUVECs treated with Exo/SKOV3.ipl and Exo/HO8910.PM compared to those in untreated
HUVECs, and the increase was not prevented by an RNA polymerase Il inhibitor. * P<0.05; ns, no significant difference; inh, inhibitor. HUVECs were treated with or
without Exo/SKOV3.ipl and Exo/HO8910.PM in the presence or absence of 5, 6-dichloro-1-B-D-ribofuranosylbenzimidazole (20 uM), a selective inhibitor of
transcription elongation by RNA polymerase I, inhibiting mRNA synthesis in eukaryotic cells [49]. The RNA isolated from recipient HUVECs were analyzed for
MALAT1 levels. (B) Suppression efficiency of MALAT | knockdown in SKOV3.ipl and HO8910.PM cells, their secreted exosomes, and the recipient HUVECs treated
with Exo/SKOV3.ipl and Exo/HO8910.PM. (C) Tube formation assays were performed in HUVECs co-cultured with PBS (blank group) and with exosomes derived
from SKOV3.ipl and HO8910.PM cells transfected with MALAT1-NC, MALAT1-KD1 or MALAT1-KD?2. Left: representative photographs illustrating the dynamics
of the vascular behaviour of HUVECs. Right: the relative tube lengths in HUVECs. * P<0.05.
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Exosomal MALAT1 promotes angiogenesis
through certain angiogenesis-related genes

To gain insight into the possible mechanism
through which exosomal MALAT1 promoted the
angiogenesis of HUVECs, we explored the
downstream genes dysregulated by exosomal
MALATI. Angiogenesis-related gene arrays and
further qRT-PCR confirmation showed that certain
angiogenesis-related genes, including vascular

endothelial growth factor (VEGF)-A, VEGE-D,
epithelial-neutrophil activating peptide (ENA)-78,
placental growth factor (PIGF), interleukin (IL)-8,
angiogenin, basic fibroblast growth factor (bFGF) and
leptin, were potential downstream mediators of
exosomal MALAT1 activity (Fig. 5A and 5B),
indicating that exosomal MALAT1 promotes
angiogenesis at least in part by regulating VEGF-A,
VEGF-D, ENA-78, PIGF, IL-8, angiogenin, bFGF and
leptin.
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Figure 5. Array and confirmation analysis of downstream angiogenesis-related genes dysregulated by exosomal MALATI. (A) The result of
hierarchical clustering shows a distinguishable gene expression profile between samples. The rows show 21 differentially expressed angiogenesis-related mRNAs, and
the columns show 4 groups. Red represents high expression, whereas green represents low expression. (B) qRT-PCR confirmation of certain angiogenesis-related
mRNAs dysregulated by exosomal MALATI, including VEGF-A, VEGF-D, ENA-78, PIGF, IL-8, angiogenin, bFGF and leptin. * P<0.05.
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Figure 6. Serum exosomal MALATI levels and their association with poor prognosis in ovarian cancer. (A) MALATI expression in serum exosomes
from EOC patients and normal controls. (B) Kaplan-Meier survival analysis of patients with high and low levels of serum exosomal MALATI. (C) A predictive
nomogram model for the survival of EOC patients according to clinical characteristics, including serum exosomal MALAT I, FIGO stage and lymph node metastasis.
(D) Calibration curve for the 3-year survival in EOC patients. The dashed line shows an ideal nomogram, and the solid line refers to the performance of the actual

nomogram. The predicted observations matched the actual observations.

Serum exosomal MALATI is overexpressed
and can predict poor prognosis in EOC

To determine whether exosomal MALAT1 can
be detected in the circulation, we tested the expression
of serum exosomal MALAT1. The qRT-PCR results
showed that serum exosomal MALAT1 levels in EOC
patients were significantly higher than those in

controls (Fig. 6A). Elevated serum exosomal MALAT1
was correlated with advanced FIGO stage, high
histological grade and lymph node metastasis (Table
1). As shown in Fig. 6B, patients with high levels of
serum exosomal MALAT1 had shorter OS than those
with low levels. In addition, high serum exosomal
MALAT1 expression, independent of FIGO stage and
lymph node metastasis, was a prognostic factor for OS
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in EOC patients (Table 2). Moreover, to precisely
predict EOC prognosis, a prognostic nomogram
model was constructed using the significant factors,
including serum exosomal MALATT1 level, FIGO stage
and lymph node metastasis (Fig. 6C). The model
showed a good prediction of the probability of 3-year
OS of EOC patients according to the c-index (0.751,
95% confidence interval [CI]=0.691-0.811) and
calibration curve (Fig. 6D). Collectively, these data
suggest that serum exosomal MALAT1 is associated
with an advanced, metastatic EOC phenotype and
poor prognosis and indicate that serum exosomal
MALAT1 can serve as a predictive biomarker for EOC

prognosis.

Table 1. The association between serum exosomal MALATI
expression and clinicopathological variables in EOC patients.

Low exosomal MALATI
expression (n=30)

Variables High exosomal MALAT1 P

expression (n=30)

n(%) n(%)
Age (years)
<50 11 (36.7) 13 (433) 0.59
8
250 19 (63.3) 17 (56.7)
Histological subtype
Serous 22 (73.3) 26 (86.7) 0.33
3
Other 8(26.7) 4(13.3)
FIGO stage
11l 18 (60.0) 3(10.0) <0.0
ol
-1v 12 (40.0) 27 (90.0)
Histological grade
GI-G2 16 (53.3) 8(26.7) 0.03
5
G3 14 (46.7) 22 (73.3)
Residual tumour
diameter (cm)
<l 26 86.7) 23 (76.7) 0.50
6
21 4(13.3) 7(233)
Lymph node
metastasis
Absent 24 (80.0) 12 (40.0) 0.00
2
Present 6 (20.0) 18 (60.0)
CAI125 level (U/ml)
<600 17 (56.7) 16 (53.3) 0.79
5
2600 13 (43.3) 14 (46.7)
Ascites
<100 7(23.3) 11 (36.7) 0.26
0
2100 23 (76.7) 19 (63.3)
Discussion

Angiogenesis is a prerequisite for EOC
metastasis [4, 5]. Mounting evidence indicates that
exosomes are critical mediators of communication
and information transfer between tumour cells and
surrounding cells and that cancer-derived exosomes
can play important roles in tumour angiogenesis. For
example, exosomes derived from CD90+ cancer cells
could influence endothelial cells to achieve a

proangiogenic phenotype [31]. Exosomes derived
from glioma cells have been reported to modulate and
promote angiogenesis of recipient human brain
microvascular endothelial cells [32]. Inspired by these
studies, we sought to determine whether exosomes
play a role in communication between EOC cells and
HUVECs to achieve angiogenesis. As expected, we
observed that exosomes derived from metastatic
SKOV3.ipl and HO8910.PM cells were internalized
by HUVECs and increased the tube formation of
HUVECs, suggesting that exosomes derived from
metastatic EOC cells could promote angiogenesis by
influencing HUVECs to exhibit proangiogenic
activity. Moreover, depletion of exosomes by GW4869
significantly abolished this pro-angiogenesis effect,
indicating that such a proangiogenic effect is mainly
dependent on the exosomes. Collectively, these data
revealed a wunique intercellular communication
between EOC cells and HUVECs via exosomes and
shed new light on EOC angiogenesis from the
perspective of exosomes.

Among the cargo components of exosomes,
IncRNAs have received increasing interest. Mounting
evidence has emphasized that IncRNAs play
powerful roles in almost all aspects of tumour

progression, such as proliferation, cell cycle,
apoptosis, angiogenesis and invasion/metastasis
[12-20,43,44]. MALAT1, a well-known IncRNA,

especially caught our attention because it can promote
angiogenesis and metastasis in various cancers
[12-20]. Although few reports have linked MALAT1
to EOC progression [19,48], the involvement of
MALAT1 in EOC angiogenesis and the precise
mechanism of how MALAT] can be transferred to
recipient cells to affect angiogenesis is still unknown.
In the present study, we observed that MALAT1 was
significantly increased not only in metastatic EOC
cells but also in their secreted exosomes and the
recipient HUVECs, suggesting that MALAT1 can be
transferred from EOC cells to recipient HUVECs via
exosomes. Subsequent in vitro and in vivo assays
showed that MALAT1 knockdown impaired the
exosome-mediated proangiogenic ability of HUVECs,
indicating that the proangiogenic ability of exosomes
was dependent on exosomal MALAT1. Moreover, the
array and qRT-PCR results demonstrated that some
well-known proangiogenic genes including VEGF-A,
VEGF-D, ENA-78, PIGF, IL-8, angiogenin, bFGF and
leptin are the potential downstream mediators of
exosomal MALATT1 activity. Together, these findings
indicated that the metastatic EOC cells promoted
angiogenesis partly because they can transfer
exosomal MALAT1 to recipient HUVECs and
influence HUVECs to exhibit the proangiogenic
activity by regulating certain angiogenesis-related
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genes. Our study proposed a novel mechanism by
which EOC cells promote angiogenesis via a previous
undescribed regulatory pathway of “exosome-
mediated transfer of MALAT1”.

In addition to the important cellular functions of
exosomal IncRNAs, current studies have reported that
exosomal IncRNAs, such as CRNDE-h, HOTAIR and
IncRNA-p21, can be secreted from tumour cells into
serum and thus be detected as meaningful and
noninvasive prognostic biomarkers [33-35]. These
studies encouraged us to determine whether
exosomal MALAT1 could serve as a biomarker for
EOC prognosis. As expected, the present study
showed that MALAT1 could be detected in the
exosomes of serum collected from EOC patients. The
serum exosomal MALAT1 expression in EOC patients
was significantly higher than that in controls. High
levels of exosomal MALAT1 were associated with an
advanced FIGO stage, a high histological grade and
lymph node metastasis, suggesting that serum
exosomal MALAT1 might be related to advanced and
metastatic EOC behaviour. Additionally, based on the
multivariate survival analyses and the predictive
nomogram model analyses, we concluded that serum

exosomal MALAT1 might serve as a predictive
biomarker for EOC prognosis.

A major limitation of this study was that we only
used a mouse model of intraperitoneal implantation
to investigate the effects of exosomal MALAT1 on
EOC tumour growth and implantation in vivo. In the
future, we aim to construct a mouse model of
metastasis by intravenous injection to confirm the
roles of exosomal MALAT1 in EOC metastasis.

Conclusion

In conclusion, our data provide a novel
mechanism by which EOC cells can transfer MALAT1
via exosomes to recipient HUVECs and, in turn,
influence HUVECs by stimulating angiogenesis-
related gene expression, eventually promoting
angiogenesis. Additionally, elevated serum exosomal
MALAT1 was correlated with advanced and
metastatic clinical characteristics and could serve as a
promising predictor for EOC prognosis. Our study is
the first to explore the unique crosstalk between EOC
cells and endothelial cells mediated by exosomal
MALATT1 to promote cancer angiogenesis and the first
to reveal the clinical relevance and prognostic value of
serum exosomal MALAT1 in EOC.

Table 2. Univariate and multivariate analyses of OS in 60 EOC patients.

Variables Univariate analysis Multivariate analysis
Overall survival Overall survival
(months)
Mean+SE P B SE Wald P Exp 95% CI
Age (years)
<50 55.0445.23 0.201 - — — - — —
250 44.85+4.14 - — - — — —
Histological subtype
Serous 49.55+3.75 0.559 — — — — — -
Other 43.75%6.69 - — — - — -
CA125 level (U/ml)
<600 54.37+4.20 0.116 - — — - — —
2600 41.45+4.96 - — - — — —
Ascites
<100 42.08+5.48 0.292 - — — - — -
>100 50.69£3.95 - — — - — -
FIGO stage
I-II 68.36+3.51 <0.001 - — — - — —
1I-1v 34.85+2.91 1.286 0.507 6.443 0.011 3.620 1.341-9.775
Histological grade
G1-G2 58.30+4.68 0.018 - — - - — -
G3 41.54+4.12 0.112 0.384 0.085 0.770 1.119 0.527-2.375
Residual tumour
diameter (cm)
<1 51.6143.57 0.037 - — - - — -
>1 31.73%£5.69 0.080 0.453 0.031 0.860 0.923 0.380-2.244
exosomal MALAT] expression
Low 61.38+3.56 - — — - — -
High 31.8343.25 <0.001 0.891 0.396 5.070 0.024 2437 1.122-5.293
Lymph node
metastasis
Absent 59.61+3.09 <0.001 - — — - — —
Present 28.33+3.89 0.927 0.370 6.282 0.012 2.528 1.224-5.220

PB: Regression coefficient; SE: Standard error; CI: confidence interval.
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