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A B S T R A C T

Peritoneal dissemination (PD) is the most frequent metastasis with poor prognosis in patients with advanced
gastric cancer (GC). However, the molecular mechanisms of PD remain poorly defined. Exosomes play a pivotal
role in cancer progression. Thus, this study aims to investigate the effects of malignant ascites (MA)-derived
exosomes from GC patients on tumor cells and to elucidate the underlying mechanism. In vitro and in vivo
analysis showed that compared to exosome-depleted supernatants, exosomes from MA of GC patients promoted
invasion of AGS cells by up-regulation of Epithelial-mesenchymal transition (EMT) signaling. In a mouse ab-
dominal xenograft model, the median survival was shorter after MA-derived exosomes treatment than the
control group (35.5 days versus 67 days, p= 0.0005). Moreover, 29 exosomal miRNAs from ascites were
identified by high throughput sequencing among 8 paired GC patients before and after peritoneal chemotherapy
and 3 individuals with non-malignant disease. In summary, MA-derived exosomes from patients with GC pro-
mote EMT signaling in GC cells and in mouse peritoneal tumor model. Differential exosomal miRNAs might be
targeted therapeutically for inhibiting peritoneal metastasis, which provides new insights for the molecular
mechanisms of PD in GC.

1. Introduction

Gastric cancer (GC) is the fifth most prevalent lethal malignancies
worldwide and the third leading cause of cancer-related death [1].
Peritoneal dissemination (PD) is the most common metastasis from GC
and this type of spread results in higher death rate compared to distant
organ metastasis in GC [2,3]. Without treatment, the median survival of
the GC patients with peritoneal metastases is 3–5 months with a 5-year
survival rate of 2% [2]. For gastric cancer with PD, current treatment
recommendations are poorly defined and remain unsatisfactory.
Therefore, there is a need to reveal the underlying mechanisms of PD,
as well as to develop more therapeutic targets for GC with PD.

Exosomes are membrane vesicles generated from the multivesicular
endosomes, with diameters ranging in size between 30 and 100 nm
[4,5]. Exosomes are released virtually in all types of cultured cells and
are abundant in many kinds of body fluids, including plasma, saliva,
urine and malignant effusions [6]. Extensive studies have shown that
exosomes play a critical role in cell communication, transferring pro-
teins, lipids, DNA and RNAs (microRNAs, mRNA) between cells [7].
Cancer-derived exosomes may promote metastasis by remodeling the
tumor microenvironment and altering the extracellular matrix to attract
more cancer cells to the niches [8–11]. Qu et al. demonstrated that
gastric cancer-derived exosomes promoted peritoneal metastasis
through disrupting mesothelial barrier and inducing peritoneal fibrosis
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[12]. Exosomes isolated from malignant ascites in patients with GC
could promote mesothelial cells (MCs) proliferation and convert MCs
into carcinoma-associated fibroblasts (CAFs) thus contributing to peri-
toneal metastasis [13]. Thus, exosomes derived from cancer cells dis-
play crucial role in the formation of premetastatic environment during
the process of gastric peritoneal metastasis. However, through which
contents within the exosomes that play a regulatory role on peritoneal
metastasis is still not clear.

Exosomes are found to be enriched in a subset of microRNAs
(miRNAs) from their parental cells [14]. MiRNAs are ∼22 nucleotides
non-coding RNAs that regulate gene expression via posttranscriptional
regulation as oncogenes or tumor suppressors [15]. MiRNAs has been
shown to be deregulated in several process of cancers, suggesting po-
tential candidates as diagnostic, prognostic and predictive biomarkers
[16]. Previous studies have found several exosomal miRNA signatures
as potential biomarkers for tumor types and identified specific exo-
somal miRNA clusters as potential candidates for diagnostic and prog-
nostic biomarkers [17–19]. Several studies have identified distinct
exosomal miRNA profiles in gastric cancer [20]. Serum exosomal
miRNAs (miR-10b-5p, miR-132-3p, miR-185-5p, miR-195-5p, miR-20a-
3p, miR-296-5p) were highly expressed in gastric cancer patients [21].
Wang et al. identified serum exosomal miR-19b-3p and miR-1106a-5p
as potential diagnostic biomarkers for gastric cancer [22]. Tokuhisa
et al. suggested that miR-21 and miR-1225-50 from peritoneal lavage
may serve as novel potential diagnostic markers of peritoneal recur-
rence after gastric cancer resection [23]. However, the role of malig-
nant ascites-derived exosomes in the process of gastric PD is not clear.
And the molecular mechanisms by which exosomal communication
impacts cancer cells are poorly defined.

In the current study, we investigated the role of malignant ascites-
derived exosomes from the patients with GC and evaluated their in-
vasive effects on gastric cancer cells in in vitro experiments and in vivo
mouse model. We also assessed the exosomal miRNA profiles in ascites
fluid from 8 individuals with GC and 3 individuals with non-malignant
diseases. Differential miRNAs expression signatures were identified
between non-malignant ascites and malignant ascites. Interestingly, the
ascites-derived exosomes from individuals with GC had higher levels of
miR-760, miR-6821-5p, miR-4745-5p, miR-200a-5p, miR-4741 and
miR-320 compared to those from individuals with non-malignant dis-
eases.

2. Material & methods

2.1. Biofluids preparation

Biofluids were obtained from Peking University Cancer Hospital.
Ascites was obtained by celiac puncture and centrifuged at 2000g for
30min. All samples were aliquoted and stored at −80 °C. All patients
have written informed consent for their tissues to be used in research.
This study was approved by the Ethics Committee of Peking University
Cancer Hospital.

2.2. Cell lines and cell culture

The human GC cell line AGS was purchased from the Cell Bank of
the Chinese Academy of Sciences (Shanghai, China). AGS cells were
cultured in DMEM (11965-092) supplemented with 10% fetal bovine
serum (FBS, Atlanta Biologicals), 100 U/mL penicillin, and 100 μg/ml
streptomycin (10378016, Life Technologies). To purify exosomes,
conditioned medium was collected from AGS cells cultured for 48 h in
DMEM supplemented with 10% exosome-depleted FBS (Life
Technologies). All cultures were maintained at 37 °C with 5% CO2.

2.3. Exosome isolation and quantification

Exosomes were isolated from the malignant ascites and non-

malignant ascites by four successive centrifugation steps [24]. Briefly,
ascites samples were centrifuged at 300 g for 10min at 4 °C to discard
floating cells. Supernatants were centrifuged at 800 g for 30min, and
10,000 g for 30min to further purify the ascites. Then 10ml ascites was
diluted in 10mL PBS and filtered by a 0.22 μm filter. After that, the
samples were centrifuged at 150,000 g for 2 h at 4 °C (Optima MAX-XP,
Beckman Coulter, rotor TLA 100.3). The supernatant was discarded,
and the exosome pellet was re-suspended in PBS. The samples were
centrifuged at 150,000×g 4 °C for 2 h in a last step. The final pellets of
exosomes were suspended in PBS. The pellets were also dissolved in
1ml Trizol LS reagent (Invitrogen, 10296010) for RNA isolation and
200 μl RIPA buffer (Beyotime, P0013C) for protein assay.

2.4. Electron microscopy

For transmission electron microscopy, freshly prepared exosomes
were fixed by 1% glutaraldehyde for 2 h at room temperature. Then
exosomes were loaded on carbon coated grids. Grids were then washed
with PBS (membrane side faced down) and dried using a filter paper.
For negative staining, exosome-grids were transferred to a 3% phos-
photungstic acid solution (pH 7.0) for 10min and then wicked off with
filter paper. The microscopy images were captured by a Hitachi H-9000
transmission electron microscope at 300 kV with a slow-scan CCD
camera.

2.5. Western blot analysis

Western blot was used to identify the surface markers of exosomes:
CD81 (Santa cruz, 166028); CD63 (Abcam, ab59479); Tsg101
(Proteintech, 4497-1-AP), negative marker protein Calnexin (Cell
Signaling, 2679S), and protein levels of E-cadherin (Cell Signaling,
3195); N-cadherin (Cell Signaling, 13116) and vimentin (Cell Signaling,
5741). Briefly, preparations were normalized for protein content and
5× loading buffer was added and heated at 99 °C for 5min. Then, the
samples were loaded on 10% SDS- polyacrylamide gels and electro-
phoretic transferred to the nitrocellulose membranes at 300mA for 2 h.
The membrane was blocked in 5% non-fat milk and then incubated with
the following primary antibody: anti-CD81 (1:500); anti-CD63 (1:500);
anti- Tsg101 (1:1000); anti- Calnexin (1:2000); anti- E-cadherin
(1:1000); anti- N-cadherin (1:1000); anti-vimentin (1:1000) at 4 °C
overnight. After carefully washing with 1x Tris-buffered saline with
tween-20, the membrane was incubated with secondary antibody
(1:2000) at room temperature for 1 h. The protein band was detected
using the chemiluminescence reagent ECL Select (GE Healthcare Life
Sciences™) and images were acquired with Chemidoc™ gel imaging
system (Bio-Rad).

2.6. Exosome labeling

To examine whether gastric cancer cell culture medium-derived or
ascites-derived exosomes can be taken up by AGS, PKH26 (Sigma-
Aldrich, PKH26GL) was used to label the exosomes [25]. The exosomes
or PBS were stained with PKH26 dye in 400 μl of Diluent C for 4min at
room temperature. Then an equal volume of 1% BSA were used to stop
the labeling reaction, after which they were washed with PBS and ul-
tracentrifuged again. The labeled exosomes or PBS were incubated with
AGS cells with complete medium for 4 h at 37 °C in an atmosphere of
5% CO2. Then the cells were washed three times in PBS to eliminate the
influence of serum exosomes. The cell nuclei were counterstained with
DAPI for 8min and cell membrane were counterstained with PKH67
(Sigma-Aldrich, PKH67GL) for 5min. The uptake of the labeled exo-
somes by AGS cells was assessed using an inverted confocal microscope.

2.7. Cell invasion assays

AGS gastric cancer cells were seeded in the upper chambers of 24-
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well transwell plates with pre-coated Matrigel (Corning, New York, NY)
following the manufacturer's instructions for invasion assays. The lower
chambers were filled with culture medium supplemented with 10%
FBS. Gastric cancer cells-derived exosomes and ascites-derived exo-
somes quantified by microBCA were added to the upper chambers. The
AGS and HGC27 gastric cancer cells were incubated with 50 μl of
exosomes at 100 ng/μl and 400 ng/μl respectively. Exosomes-depleted
supernatant was used as negative control. Invaded AGS cells (after in-
cubation for 24 h) in the lower chambers were fixed and stained with
crystal violet and counted under a microscope.

2.8. Establishment of peritoneal metastasis model in NOD/SCID mice

Six-week-old female nonobese diabetic/severe combined immune
deficient (NOD/SCID) mice (Huafukang Bioscience, Beijing, China)
were used in this study. All mice were maintained under pathogen-free
condition. Mice were intraperitoneally injected with AGS cells
(5× 106/100 μl per mouse) plus PBS (100 μl), AGS cells (5× 106/
100 μl per mouse) plus exosome depleted ascites (100 μl Supernatant)
and AGS cells plus malignant ascites-derived exosomes (100 μl AGS-
exo) respectively (n=6 in each group). After 2 days, mice received
consecutively PBS, Supernatant, or exosomes (10 μg) i. p. with a volume
of 100 μl once every other day for 3 times. Peritoneal tumor formation
and animal survival were evaluated from the day of cancer cell injec-
tion until death. After 6 weeks, mice were sacrificed and the tumor
weight, the number of metastatic nodules, the volume of ascites fluid

were evaluated. The peritoneal nodules were isolated from the ab-
dominal cavity and the tumors were weighed at the end of the ex-
periment. Tumor tissues were processed for Western blot. All animal
experiments were performed in accordance with the Animal
Experimentation Ethics Committee of Peking University Cancer
Hospital.

2.9. Small RNA library preparation and sequencing

Total RNA was extracted and purified from exosomes with
miRNeasy® Mini kit (Qiagen, cat. No. 217004) according to the kit in-
struction. Then, sequencing libraries were generated using NEB Next
Multiplex Small RNA Library Prep Set for Illumina (NEB, USA) fol-
lowing manufacturer's recommendations and index codes were added
to attribute sequences to each sample. Libraries were sequenced using
the Illumina HiSeq platform.

2.10. Differential expression analysis of miRNA

The sequencing reads were aligned to the miRbase and Human
Genome (GRCh38). TPM was calculated based on the mapping results
for each miRNA. The differential expression miRNA was generated with
edgeR [26], only the miRNA with p-value< 0.05 and fold change≥ 2
were selected as the candidate miRNA.

Fig. 1. Characterization of ascites and cell culture medias (CCM) derived exosomes. (A) Transmission electron microscopy images of exosomes from ascites and CCM.
Magnification,× 200,000. Scale bar=100 nm. (B) The particle size/concentration of exosomes from ascites and CCM were analyzed by NTA. (C) Western blot
analyses of exosomal markers (CD81, CD63 and TSG101) of exosomes isolated by UC from ascites and CCM samples.
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2.11. Target gene prediction of miRNA

The miRanda and RNAhybrid were used to predict the target genes
of miRNA [27,28]. The genes appeared in the results of the two tools
were taken as the target genes. The key parameters for miRanda is -sc
150 -en −30 -go −2.0 -ge −8.0, and RNAhybrid with key parameter -e
−30.

2.12. Statistical analysis

Statistical analysis was carried out with two-tailed Student's t-test
for methods comparison within each biofluid or Kolmogorov-Smirnov
to compare particle size distribution. Only p value≤ 0.05 were con-
sidered significant. Error bars in graphs represent standard deviation of
the mean for three independent experiments. Analyses were performed

Fig. 2. Malignant ascites (MA)-derived Exosomes promoted GC cell migration in vitro (A) Transwell invasion assay for the invasive ability of AGS cells treated by
various concentrations of exosomes from MA or CCM (2.5 μg/ml, 10 μg/ml). (B) The internalization of MA or CCM derived exosomes (PKH26-labeled, red fluor-
escence) by AGS cells (PKH67-labeled, green fluorescence) was examined by Confocal analysis. (C) Western blotting assays for the expression of EMT related markers
in AGS cells treated with MA-derived exosomes. Data were presented as mean ± SD. All experiments were carried out in triplicates. *p < 0.05, **p < 0.01. (For
interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)
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using GraphPad Prism 7.

3. Results

3.1. Characterization of exosomes from cell culture medium and ascites

The exosomes were purified from GC cells culture media and ascites
by the ultracentrifugation method as previously reported [29]. An
electron microscope was used to identify the biolayer, characteristic,
cup-shaped morphology of purified exosomes (Fig. 1A). Nano Sight
Technology showed that the size distribution of purified exosomes was

between 30 and 100 nm (Fig. 1B). Moreover, Western blot analysis of
protein extracted from AGS cells culture media (CCM) and from ascites
revealed the presence of specific exosome markers (CD63, CD81,
TSG101). The non-exosomal marker calnexin was absent in exosomes,
although it was present in the parental cells (Fig. 1C). All together,
these results confirmed that the main contents of the purified micro-
vesicles were exosomes.

3.2. Malignant ascites–derived exosomes enhance invasion of GC cells

We also investigated the effect of exosomes isolated from malignant
ascites (MA) on metastasis in trans-well invasion assay. The purified
exosomes from AGS cells or from MA significantly increased cell inva-
sion in a dose-dependent manner in AGS and HGC 27 cells compared to
exosome-depleted liquid groups (Fig. 2A and S Fig. 1). We then de-
tected the effect of the exosomes isolated from ascites of 8 paired pa-
tients with and without peritoneal perfusion. The results showed that
the MA-derived exosomes from patient with peritoneal perfusion had
lower inducing effect on cell invasion compared to the pre-peritoneal
perfusion group (S Fig. 2). Cargo delivery involves the uptake and in-
ternalization of exosomes by the recipient cells. Here we determined if
the exosomes were internalized or attached to the surface of recipient
GC cells. AGS cells labeled with PKH67 (green) were treated with red
PKH26-labeled exosomes isolated from AGS cells and from MA. Con-
focal microscopy analysis revealed the presence of PKH26 labeled
exosomes from AGS cells or from MA exclusively in the cytoplasm of GC
cells (Fig. 2B). These results indicate that GC cells can internalize
exosomes purified from AGS cells or from MA. Epithelial-mesenchymal
transition (EMT) is recognized as a driving force of cancer cell invasion
and metastasis, a leading cause of cancer recurrence and cancer-related
death [30]. Loss of epithelial markers (epithelial-cadherin, E-cadherin)
and gain of mesenchymal cell markers (N-cadherin and vimentin) are

Fig. 3. Macroscopic observation of gastric intraperitoneal xenografts in NOD/SCID mice.(A) Macroscopic and representative images of mice intraperitoneal injected
with AGS cells (Ctrl), AGS cells incubated with exosome-depleted supernatants (Supernatants) or incubated with MA-derived exosomes (MA-exo1,2) and sacrificed
on the 42nd day. (B) Total weight of peritoneal tumor nodules in mice of Ctrl, Supernatants and MA-exo1,2 groups. (C) Total volume of peritoneal fluids in mice of
Ctrl, Supernatants and MA-exo1,2 groups. (D) Western blotting assays for the expression of EMT related markers in peritoneal nodules of mice in Ctrl, Supernatants
and MA-exo1,2 groups. Data were presented as mean ± SD. All experiments were carried out in triplicates. *p < 0.01.

Fig. 4. Kaplan-Meier survival curves of NOD/SCID mice intraperitoneal in-
jected by AGS cells with PBS, Supernatants or MA-derived Exosomes. Mice
intraperitoneal injected by AGS cells (Ctrl), AGS cells incubated with exosome-
depleted supernatants (Supernatants) or incubated with MA-derived exosomes
(MA-exo) were monitored for survival over a period of longer than 70 days
(median survival= 67, 72.5, and 35.5 days, respectively; Ctrl vs MA-exo
p= 0.0005 and Supernatants vs MA-exo p= 0.0005) (n= 6 each group).
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two critical steps in EMT [31]. In this respect, the expression levels of E-
cadherin, N-cadherin and vimentin protein was measured upon treat-
ment by the purified exosomes. As shown in Fig. 2C, a downregulation
of E-cadherin and upregulation of N-cadherin and vimentin was ob-
served in the cells treated by MA-derived exosomes. Hence, exosomes
purified from malignant peritoneal fluid could modulate GC cell EMT
thus increasing cancer cell migration and invasiveness. MA-derived
exosomes had an important role in gastric peritoneal metastasis.

3.3. Malignant ascites–derived exosomes promote peritoneal metastasis of
GC in AGS intraperitoneal metastatic xenograft mouse model

To assess the effects of exosomes on GC in vivo, the mouse model of
peritoneal tumor cell dissemination was established. After 6 weeks of
injection, mice were sacrificed. All the mice developed abdominal
swelling with peritoneal tumors and bloody ascites. The tumor weight,
the number of peritoneal nodules and the volume of ascites fluid were
significantly increased in mice injected with AGS cells treated by MA-
derived exosomes (MA-exo) compared to mice injected with AGS cells
treated by exosomes-depleted supernatants (Supernatants) or AGS cells
(Ctrl) alone (p < 0.05) (Fig. 3A -C). As shown in Supplementary Fig. 3,
the nodules are difficult to get in control mice due to small tumor size.
Also, the spread of tumors in the peritoneum can be observed and some
of the nodules in a loosely coherent pattern were difficult to isolate. To
verify the invasive effect of MA-derived exosomes on GC via EMT, the
peritoneal nodules were harvested and the expression levels of markers
of EMT signaling was determined. Consistent with the in vitro results,
Western blot assay showed that the exosomes isolated from malignant
peritoneal fluid, caused a significant decrease of E-cadherin, and a
dramatic increase of N-cadherin (Fig. 3D). Meanwhile, mice in-
traperitoneal injected by AGS cells and MA-derived exosomes showed
significantly shortened lifespans relative to those in the control groups
with (p=0.0005) median survival from 67 to 35.5 days (Fig. 4),
whereas pretreatment of AGS cells with the supernatants or PBS did not
have a significant effect on median survival. Taken together, these re-
sults demonstrated that the MA-derived exosomes from patients with
GC promoted gastric peritoneal dissemination through aberrant EMT

activation.

3.4. Malignant ascites–derived exosomes miRNA profiling

Ascites-derived exosomal miRNA expression profiles were de-
termined for 8 paired gastric cancer patients (Table 1) with peritoneal
dissemination before (G2 group) and after (G3 group) intraperitoneal
chemotherapy. 3 patients (G1 group) with liver cirrhosis were used as
non-malignant control (Table 2). The sequencing libraries were gener-
ated using NEB Next Multiplex Small RNA Library Prep Set for Illumina
(NEB, USA) and sequenced using the Illumina HiSeq platform. Only
miRNAs that were altered at least 2-fold were considered significant
candidates. Using these criteria, we identified 100 miRNAs that were
differentially contained in the MA-derived exosomes of GC samples
(G2) relative to control subjects (G1) (Fig. 5A). Subsequently, 60
miRNAs were identified to be significantly different between G2 and G3
group. We also identified 29 miRNAs that were differentially expressed
among G1, G2 and G3 groups (Fig. 5A). Fig. 5B shows hierarchical
clustering analysis based on the identified 29 miRNAs among the three
groups, suggesting specific differences in miRNA expression between
GC patients with peritoneal dissemination before and after peritoneal
chemotherapy. Notably, the levels of 5 of these miRNAs were down-
regulated in MA-derived exosomes from GC patients before peritoneal
chemotherapy and reversely up-regulated after peritoneal che-
motherapy (Fig. 5B). Meanwhile, 22 miRNAs were up-regulated in MA-
derived exosomes from GC patients before peritoneal chemotherapy
and the upregulation were abolished in these patients after peritoneal
chemotherapy (Fig. 5B).

4. Discussion

The prognosis of GC patients with peritoneal dissemination (PD) has
remained poor [32]. Peritoneal metastasis is a multi-step process en-
compassing the (i) detachment of tumor cells from the primary site, (ii)
survival in the microenvironment of the peritoneal cavity (iii) attach-
ment of free cancer cells to mesothelial cells and subsequent tumor
growth [3]. For gastric cancer with peritoneal metastases, current
prevention or treatment recommendations includes neoadjuvant sys-
temic chemotherapy, neoadjuvant intraperitoneal and systemic che-
motherapy, cytoreductive surgery and perioperative chemotherapy
[33]. However, the treatment strategies for GC patients with PD are still
controversial and the clinical outcome remains unsatisfactory. Thus,
understanding the molecular mechanisms of PD is critical for devel-
oping new therapies and improving the outcomes of GC patients. It is
also important to identify specific prognostic factors that may be
helpful in predicting the clinical outcome of treatment strategies in GC
patients with PD.

In this study, we demonstrated, for the first time, the exosomes
isolated from malignant ascites in patients with GC exhibited an in-
vasive effect on gastric cancer cells in vitro and promoted GC cells

Table 1
Clinico-pathological characteristics of GC patients.

Number Gender Age Tumor site Lauren's classification Peritoneal perfusion Chemotherapy

Yes No Yes No

G1/g1 Female 63 proximal Diffuse g1 G1 g1 G1
G2/g2 Female 34 proximal Diffuse g2 G2 g2 G2
G3/g3 Female 44 proximal Diffuse g3 G3 g3 G3
G4/g4 Female 52 proximal Diffuse g4 G4 g4 G4
G5/g5 Female 56 proximal Diffuse g5 G5 g5 G5
G6/g6 Female 61 proximal Diffuse g6 G6 g6 G6
G7/g7 Male 64 antral Diffuse g7 G7 g7 G7
G8/g8 Female 62 antral Diffuse g8 G8 g8 G8
S15 Male 71 antral Diffuse NA S15 NA S15
10–25 Male 61 antral Diffuse 10–25 NA 10–25 NA

Table 2
Control subjects’ demographic data and biochemical characteristics of ascitic
fluids.

Characteristics Case1 (N1) Case2 (N2) Case3 (N3)

Age 55 37 88
Gender Female Female Female
Diagnosis Liver cirrhosis Liver cirrhosis Liver cirrhosis
Colour Clear/straw Clear/straw straw
Total cells/mm3 1030 130 1650
LDH activity (U/L) 39 18 60
AFP level (ng/ml) 2.07 20.98 1.06
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disseminating in abdominal cavity in vivo. Our study shows that the
exosomes can be consistently extracted from ascites and that exosomal
miRNAs expression profile is specific in peritoneal fluid from GC pa-
tients with PD before or after peritoneal chemotherapy and from con-
trol subjects. As an efficient carrier of miRNA, exosome-based approach
could be targeted for the treatment of GC with PD in the future.

Previous researches have demonstrated that the exosomal miRNAs
may be used as biomarkers for cancer diagnosis, obtained via non-
invasive tumor biopsies. Liu et al. reported that miR-21 and miR-146a
were associated with high levels of exosomes isolated from cervi-
covaginal lavage specimens in cervical cancer [34]. Motohiko et al.
collected exosomes from malignant ascites and peritoneal lavage fluid
and analyzed exosomal miRNA expression to detect peritoneal dis-
semination-related miRNA species [23]. MiR-1225-5p, miR-320c, miR-
1202, miR-1207-5p, and miR-4270 were identified with high expres-
sion in malignant ascites. Here in our study, we further analyzed the
expression profiles of exosomal miRNAs in the ascites of patients with
non-malignant disease and patients with GC before and after in-
traperitoneal chemotherapy by RNA sequencing to identify candidate
miRNA biomarkers for the prediction of peritoneal metastasis and

treatment targets in GC. Additionally, tukey's honest significant differ-
ence was used to further investigate the different expression of each
miRNA in different ascites-derived exosomes from control subjects and
from GC patients with PD before or after peritoneal chemotherapy. The
analysis results revealed that there were 100 differentially expressed
miRNAs between G1 and G2, 60 differentially expressed miRNAs be-
tween G3 and G2. The Venn of exosomal miRNAs expression overlaps in
ascites from different groups was shown in Fig. 5A. In accordance with
previous findings, we also found miR-320c was upregulated in malig-
nant ascites [23]. In addition to miR-320c, miR-320a, miR-320b and
miR-196, were also found to be upregulated in malignant ascites from
GC patients (G1 vs G2; G3 vs G2) (Fig. 5A, S Table ss 1 and 2). Accu-
mulating evidences suggests that miR-196 is overexpressed in several
types of cancer especially in digestive tract cancer tissues and asso-
ciated with aggressive clinicopathological status [35,36]. Tsai MM et al.
reported that miR-196a/-196b induce cell metastasis through the ne-
gative regulation of radixin in human gastric cancer [37]. This may
indicate that malignant ascites-derived exosomes containing miR-
196a/-196b create the premetastatic niche in the peritoneum, which
then supports peritoneal invasion in patients with GC.

Fig. 5. Differential exosomal miRNA content in GC patients with Pre- or post-peritoneal chemotherapy and control subjects. (A) The Venn diagram shows the number
miRNAs differentially expressed in ascites exosomes from control subjects (G1), GC patients before (G2) or after intraperitoneal chemotherapy for about 10 days
(G3). The miRNAs in common are indicated below the diagram and colour-coded (red: elevated; green: decreased). (B) Heatmap of the per-row normalized ex-
pression levels of selected miRNAs differentially expressed in exosomes from GC and control subjects. G1, n=3; G2, n= 8; G3, n=8, using P < 0.05 (multiple t-
test) and array threshold as cutoffs. . (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)
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Extensive studies indicate that exosomes participate in the perito-
neal dissemination of gastric cancer through promoting the prolifera-
tion and survival of gastric cancer cells via PI3K-AKT, NF-κB, Hedgehog
signaling and HIF-1α pathways, assisting gastric cancer cells in ad-
hering to the peritoneum and inducing angiogenesis via transportation
of pro-angiogenic molecules including epidermal growth factor re-
ceptor (mRNA) [38–41]. Based on our in vitro and in vivo experiments,
we have found the inducing effect of MA-derived exosomes in cell in-
vasion by EMT signaling in gastric cancer cells. Transcription program
switching in EMT is regulated by signaling pathways such as trans-
forming growth factor β (TGF-β), Wnt–β-catenin, Notch and receptor
tyrosine kinases [42]. To determine the function of miRNAs-RNA in-
teractions, the miRanda and RNAhybrid were used to predict the target
genes of 12 miRNAs such as miR-760, miR-6821-5p, miR-4745-5p, miR-
200a-5p, miR-199a-5p and miR-4741. Through target gene prediction,
the 12 afore mentioned miRNAs and the target genes were collected
(Fig. 6). Furthermore, miRNA target analysis revealed that genes in-
volved in TGF-β, Wnt, Notch and PI3K-AKT signaling pathways were
found to have an important role in GC patients with peritoneal me-
tastasis. These RNA interactions could provide a novel perspective of
the mechanisms of peritoneal dissemination in gastric cancer.

In the present study, we found that malignant ascites-derived exo-
somes promoted the invasion of gastric cancer cells by inducing EMT
signaling, however, through which miRNAs in this process is unknown.
We have observed the phenotype shift of AGS cells to an elongated,
mesenchymal cell after the treatment by malignant ascites-derived
exosomes as shown in Fig. 2B and S Fig. 1B. We will interrogate the
changes of molecular markers in EMT signaling such as E-cadherin, N-
cadherin and vimentin upon treatment of MA-derived exosomes by
immunocyto- and histochemistry in AGS cells and the peritoneal tumors
induced by MA-derived exosomes in NOD-SCID mice in our future
study. Accumulating evidences suggests that exosomes induce carci-
noma-associated fibroblasts transition in peritoneal mesothelial cells

(MCs). Here, our study lacks the experiments to investigate the effect of
exosomes on MCs. Another limitation for this study is, that we have not
yet validated the predicted exosomal miRNAs in large cohort of GC
patients with PD.

In conclusion, we demonstrated in this study that the malignant
ascites from GC patients released functional exosomes into the perito-
neal cavity, and these exosomes were internalized by the circulating
gastric cancer cells and induced peritoneal dissemination via the ab-
normal activation of EMT signaling pathway. Malignant ascites-derived
exosomes exhibit aberrant miRNA expression patterns and that exo-
somal miRNAs might be critical mediators of PD in gastric cancer.
Further elucidation of the molecular mechanism underlying PD is es-
sential for developing novel treatments and improving the outcome of
GC patients with PD.
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