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Proteomics profiling of plasma exosomes in epithelial
ovarian cancer: A potential role in the coagulation
cascade, diagnosis and prognosis
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Abstract. Ovarian cancer remains the most lethal type of
cancer among all gynecological malignancies. The majority
of patients are diagnosed with ovarian cancer at the late stages
of the disease. Therefore, there exists an imperative need for
the development of early ovarian cancer diagnostic techniques.
Exosomes, secreted by various cell types, play pivotal roles
in intercellular communication, which emerge as promising
diagnostic and prognostic biomarkers for ovarian cancer. In
this study, we present for the first time, at least to the best of
our knowledge, the proteomics profiling of exosomes derived
from the plasma of patients with ovarian cancer via liquid
chromatography tandem mass spectrometry (LC-MS/MS) with
tandem mass tagging (TMT). The exosomes enriched from
patient plasma samples were characterized by nanoparticle
tracking analysis (NTA), dynamic light scattering (DLS),
transmission electron microscopy (TEM) and western blot
analysis. The size of the plasma exosomes fell into the range of
30 to 100 nm in diameter. The exosomal marker proteins, CD81
and TSGI101, were clearly stained in the exosome samples;
however, there was no staining for the endoplasmic reticulum
protein, calnexin. A total of 294 proteins were identified with
all exosome samples. Among these, 225 proteins were detected
in both the cancerous and non-cancerous samples. Apart from
universal exosomal proteins, exosomes derived from ovarian
cancer patient plasma also contained tumor-specific proteins
relevant to tumorigenesis and metastasis, particularly in
epithelial ovarian carcinoma (EOC). Patients with EOC often
suffer from coagulation dysfunction. The function of exosomes
in coagulation was also examined. Several genes relevant
to the coagulation cascade were screened out as promising
diagnostic and prognostic factors that may play important roles
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in ovarian cancer progression and metastasis. On the whole,
in this study, we successfully isolated and purified exosomes
from plasma of patients with EOC, and identified a potential
role of these exosomes in the coagulation cascade, as well as
in the diagnosis and prognosis of patients.

Introduction

Ovarian cancer is the most lethal type of cancer among all
frequent gynecological malignancies, not only in China but
globally as well (1). The majority of patients are diagnosed
with epithelial ovarian cancer (EOC) in the advanced stages of
the disease and subsequent platinum/taxane chemoresistance
occurs following prolonged treatment, which is responsible
for the high mortality associated with EOC (2). Despite the
fact that serum CA125 examination and ultrasonography are
clinically accepted methods for the diagnosis of ovarian cancer,
these are not satisfactory and do not fulfill the requirements
for the early detection of ovarian cancer due to poor sensitivity
and specificity (3). Cytoreductive surgery and subsequent
platinum/taxane-based post-operative adjuvant chemotherapy
have made some progress in improving the survival rate of
patients with ovarian cancer; however, eventual recurrence
and acquired chemoresistance are still inevitable. Thus, the
identification of more sensitive diagnostic biomarkers and
the establishment of novel therapeutic strategies is of utmost
importance.

Exosomes are spherical and bilayered proteolipids with a
diameter of 30-100 nm. They are abundant in various cellular
components with diverse bioactivities, including proteins,
lipids and nuclear acids (4,5). A variety of cells can release
exosomes, such as epithelial cells (6,7), immune cells (8-10),
reticulocytes (11), mast cells (12) and tumor cells (13,14). In
addition,exosomes have also been found in various bodily fluids,
including amniotic fluid (15), urine (16), malignant ascites (17),
plasma (18), bile (19) and saliva (20). They have been proposed
as a potential source of diagnostic and prognostic biomarkers,
and have been proven to play important roles in intercellular
communication (21). Moreover, certain common exosomal
proteins, such as TSG101, Alix, CD9, CD81, CD63, GTPase
active proteins and cytoskeletal proteins, including actin, as
well as tubulin proteins have been found to be crucial for
the biogenesis, secretion and translocation of exosomes (22).
Exosomes may also transport some tumor-associated proteins,
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particularly those that originate from cancer cells (23).
Therefore, exosomes in urine, saliva, plasma and other bodily
fluids may be utilized for the identification of diagnostic and
prognostic biomarkers in a non-invasive manner (24).

As regards ovarian cancer, exosomes have been isolated
from plasma/serum or ascites of patients with ovarian cancer in
some studies. In one study, the expression levels of 8§ microRNAs
(miRNAs or miRs; miR-21, miR-141, miR-200a, miR-200c,
miR-200b, miR-203, miR-205 and miR-214) were found to be
elevated in exosomes isolated from the serum of women with
various stages of ovarian cancer as compared to those from
the serum of women with benign diseases, suggesting that
miRNAs of circulating tumor exosomes can potentially be used
as alternative diagnostic markers (25). Peng et al proved the
origin of ascites-derived exosomes from patients with ovarian
cancer; two genes, namely FasL and TRAIL, were identified in
the exosome and were found to be responsible for the apoptosis
of different types of immune cells (26). Exosomes containing
claudin 4 have also been isolated from patients with EOC
and found to be a promising diagnostic marker as compared
to CA125 (27). Therefore, the analysis of the biological
characteristics of ovarian cancer-derived exosomes may be
of great value to the diagnosis of ovarian cancer, monitoring
the therapeutic efficacy, and exploring their roles in tumor
progression and metastasis.

Regardless of the advances achieved in the above-mentioned
studies, the results,however,have only highlighted the expression
of limited individual molecules in exosomes. The systemic
proteomic analysis of ovarian cancer-derived exosomes from
patient plasma has seldom been reported, at least to the best of
our knowledge. Additionally, exosomes isolated from clinical
samples ought to possess greater significance and closer
association with the real-life situations of patients. Therefore,
in this study, we utilized exosomes from EOC patient plasma
samples and performed the first comprehensive proteomic
analysis (to the best of our knowledge) by liquid chromatography
tandem mass spectrometry (LC-MS/MS) with tandem mass
tagging (TMT) to identify potential biomarkers and investigate
their clinical values. It should be noted that, to the best of our
knowledge, this is the first research using the TMT technique to
analyze the exosomal proteins. TMT is a type of chemical label
for the quantification and identification of proteins, peptides,
nucleic acids and other biological macromolecules (28). The
chemical structures of TMTs are identical, but each contains
isotopes replaced at diverse regions. The biomolecule sequence
information is obtained during the fragmentation process and
the amount of the biomolecules is collected in the meantime,
which renders TMT an ideal tool for the high-throughput
characterization of the exosomal proteins (29).

Materials and methods

Subjects and materials. The study protocol was approved by the
Ethics Committee of Fudan University Shanghai Cancer Center
(Shanghai, China). All patients who provided signed informed
consent forms in this study were of Chinese origin and from the
Department of Gynecological Oncology at the Fudan University
Shanghai Cancer Center. For proteomics analysis, plasma
samples from 3 patients with ovarian cancer were obtained as
the experimental group and 6 non-cancerous samples served as

ZHANG et al: PROTEOMICS OF OVARIAN CANCER PLASMA EXOSOMES FOR SCREENING OF BIOMARKERS

the controls between July, 2017 to August, 2017. Another cohort
of 80 female candidates (40 patients and 40 healthy volunteers)
was recruited for the verification of specific biomarkers
screened from the proteomics analysis from June, 2016 to
May, 2017. Detailed information of the 9 patients (3 with EOC
and 6 with benign disease) for proteomics and 40 patients with
EOC is summarized in Tables I and II, respectively. Blood was
collected into EDTA tubes and spun at 2,000 x g for 10 min at
4°C to obtain plasma. The plasma was stored at -80°C for further
analysis. The exosome isolation kit (exoEasy kit) was purchased
from Qiagen GmbH (Hilden, Germany). TSG101 (sc-7964) and
CDS81 (sc-7637) antibodies were purchased from Santa Cruz
Biotechnology (Santa Cruz, TX, USA). Calnexin (cat. no. 2433)
was purchased from Cell Signaling (Cell Signaling Technology,
Danvers, MA, USA). Enzyme-linked immunosorbent assay
(ELISA) kits for gelsolin (GSN; EHO0875), lipopolysaccharide
binding protein (LBP; EH1560), fibrinogen alpha chain (FGA;
EH3065) and fibrinogen gamma chain (FGG; EH0693) were
obtained from Finetest (Fine Biotech, Wuhan, China). Other
materials, if not specifically stated, were all purchased from
Sigma-Aldrich (St. Louis, MO, USA).

Exosome isolation and purification. Exosomes were isolated
from plasma using the exoEasy Maxi kit as described in the
manufacturer's manual. Briefly, 1 volume of buffer XBP was
added into 1 volume of plasma. The mix was topped up onto
the exoEasy spin column and centrifuged at 500 x g for 1 min
at 4°C. The flow-through was discarded and 10 ml buffer
XWP was added and centrifuged at 5,000 x g for 5 min at
4°C to remove residual buffer from the column. The spin
column was then transferred to a fresh collection tube and
1 ml Buffer XE was added to the membrane and incubated for
1 min. The elute was collected by centrifugation at 500 x g for
5 min at 4°C, which contained the purified exosome fraction.
After measuring the total protein concentration of the purified
exosomes using BCA assays (Thermo Fisher Scientific,
Waltham, MA, USA), the exosome preparations were stored
at -80°C and resuspended in PBS for transmission electron
microscopy (TEM), western blot analysis (WB), nanoparticle
tracking analysis (NTA) and dynamic light scattering (DLS)
analysis to verify the nature of the isolated particles.

NTA and DLS analysis. NTA was performed to measure the size
and the concentration of the isolated exosomes using NanoSight
NS300 (Malvern, Westborough, MA, USA) according to the
operating instructions without any changes. In addition, DLS
was conducted using Zetasizer Nano (Malvern) referring to the
operating instructions without further modifications.

TEM. The isolated exosomes were processed at room
temperature for TEM. The samples were diluted 1:5
in 1X PBS prior to fixation with 2.0 % glutaraldehyde
(G5882, Sigma-Aldrich). Following fixation, a 75-mesh grid
(G2075C; Agar Scientific, Essex, UK) was laid on a drop of
sample for 10 min; the grid was then rinsed 10 times with
MiliQ H,O (1 min per rinse). Subsequently, the grid was firstly
laid on a drop of uranyl acetate (pH 7.0, 2624; SPI-CHEM, West
Chester, PA, USA) for 10 min. After rinsing with Milli-Q H,O
and methylcellulose uranyl (pH 4.0), the grid was incubated
at room temperature for 10 min on a drop of methylcellulose
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Table I. Clinical characteristics of the patients recruited for proteomics analysis.
No. Age FIGO Grading Lymph node Histological CA125 Post-operative Recurrence Survival
(years) stage metastasis subtype residual tumor  at time of  status at time
analysis of analysis
EOC1 46 IcC G3 NA High-grade serous 533 None NA NA
carcinoma
EOC2 67 I G3 N1 High-grade serous 7378 <0.5 cm Yes Yes
carcinoma
EOC3 52 v G2 NI Moderately 4204 NA Yes Yes
differentiated
squamous cell
carcinoma
B1 44 Gl NI Cervical myoma 14.79 None Yes Yes
B2 47 Gl NO Cervical myoma 11.79 None No Yes
B3 45 Gl NO Hysteromyoma 13.48 None No Yes
B4 54 Gl NO Hysteromyoma 14.8 None No Yes
B5 44 Gl NO Uterine leiomyoma  12.24 None No Yes
B6 53 Gl NO Uterine leiomyoma  11.42 None No Yes

NA, not available.

uranyl (pH 4.0, M-6385, Sigma-Aldrich). The exosome samples
were eventually analyzed with a FEI Tecnai™ T12 electron
microscope (Thermo Fisher Scientific).

Western blot analysis. Exosomes were prepared as described
above. RIPA buffer (#9806, Cell Signaling Technology) was
used to extract the proteins from the exosomes. In brief,
500 ul of RIPA buffer were added to the exosome samples
and this was maintained for 1 h at room temperature. The
mixtures were then centrifuged at 12,000 x g for 5 min
at 4°C. The supernatants were collected as the exosomal
protein extracts. Subsequently, 5X SDS-loading buffer was
added to dissolve the proteins from exosomes, diluted to
1X SDS-loading buffer, and then heated at 95°C for 5 min.
The samples were centrifuged at 12,000 x g for 5 min at 4°C to
remove insoluble precipitates. Supernatants were subsequently
loaded onto SDS-PAGE (3% stacking gel, 12% running gel;
Bio-Rad, Munich, Germany), running in a Mini Protean 2
electrophoresis system (Bio-Rad). The protein was transferred
onto a polyvinylidene fluoride membrane (Bio-Rad) in transfer
buffer. After being blocked with 5% non-fat milk in TBST for
1 h at room temperature, the membrane was incubated with the
primary antibody, including CD81 (1:1,000), TSG101 (1:1,000),
and calnexin (1:1,000) overnight at 4°C. The membrane was
rinsed with 1X TBST and this was repeated 3 times (5 min per
rinse). The membrane was then labeled with HRP-conjugated
secondary antibody (1:2,000; cat. no. 7074; Cell Signaling
Technology) for 1 h at room temperature. Again, the membrane
was rinsed with 1X TBST and this was repeated 3 times
(5 min per rinse). The final products were detected using an
enhanced and freshly prepared chemiluminescence (ECL)
system (Thermo Fisher Scientific). Cell lysates were also
characterized in order to compare with exosome samples.

Proteomics of exosomes. LC-MS/MS was performed for
proteomics analysis. In brief, LC-MS/MS was used to
analyze the purified proteins from the exosome fractions.
After extracting the protein from the exosome samples as
mentioned above, the fractions were resolved in two lanes of
a 10% SDS-PAGE gel respectively and subsequently stained
with Coomassie blue staining solution (B6529, Sigma-Aldrich)
at room temperature for 1 h. Each lane was excised and divided
into 6 sections equally for in-gel trypsin digestion; following
reduction and alkylation, each section was digested with trypsin
overnight. Following digestion, the solution was centrifuged
at 12,000 x g at room temperature for 20 min to collect the
dissolved peptides. TEAB buffer was added and the solution
was centrifuged at 12,000 x g at room temperature for 20 min.
The filtrates were collected and lyophilized to obtain the dry
powder. The peptide samples were dissolved in TEAB buffer
and mixed with anhydrous acetonitrile and vortexed for 1 min.
TMT reagents (Thermo Fisher Scientific) were added to the
resulting solution and maintained for 1 h at room temperature.
Subsequently, 5% hydroxylamine was added to terminate the
reaction and the samples were ready for MS. The peptides
were analyzed with a Q-Exactive LC-MS/MS (Thermo Fisher
Scientific). The raw data were converted to mascot generic (mgf)
files using Proteome Discoverer version 2.2 (Thermo Fisher
Scientific) and the mgf files were then searched against the
Uniprot human proteome database using an in-house Mascot
Server version 2.4.1 (Matrix Science, London, UK).

Bioinformatics analysis. An online website, Database for
Annotation, Visualization and Integrated Discovery (DAVID,
http://david.abcc.ncifcrf.gov/) is an open database which provides
thorough functional annotation tools for researchers to understand
versatile biological and functional meanings behind numerous
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Table II. Clinical characteristics of patients with epithelial ovarian cancer recruited for ELISA.

No. Age FIGO Grading Histological CA125 Post-operative Recurrent disease ~ Survival status at
(years)  stage subtype residual tumor at time of analysis  time of analysis
EOC1 51 1B G3 HGSC 1366 NA No Yes
EOC2 58 ic G3 HGSC 734.7 <0.5 cm No Yes
EOC3 40 IIcC G3 HGSC 89.92 None No Yes
EOC4 80 mc G3 LGSC 600 >2 cm Yes NA
EOC5 56 Ic G3 HGSC 1201 NA No Yes
EOC6 56 1B G3 HGSC 1327 None No Yes
EOC7 63 Ic G3 HGSC 9624 NA No Yes
EOC8 72 Ic G3 HGSC 71.29 <0.5 cm No Yes
EOC9 49 1B G3 HGSC 381.5 None No Yes
EOC10 39 Ic G3 HGSC 861 NA No Yes
EOCI11 40 mc G3 HGSC >5000 None No Yes
EOC12 69 v G3 HGSC >1000 <0.2 cm Yes Yes
EOC13 61 Ic N.A. N.A. 4532 NA No Yes
EOC14 63 ic G3 HGSC 2253 <l cm No Yes
EOC15 61 v G3 Adenocarcinoma 154 NA No Yes
EOCI16 53 v G3 HGSC 893.9 <l cm No Yes
EOC17 61 Ic G3 HGSC 256.5 <0.5 cm NA NA
EOC18 52 v G3 HGSC N.A. NA Yes Yes
EOC19 60 1ic G3 HGSC 513.7 NA No Yes
EOC20 57 1 G3 HGSC 1137 <0.2 cm No Yes
EOC21 47 ic G3 HGSC 465.7 None No Yes
EOC22 64 IVB G3 HGSC >5,000 NA No Yes
EOC23 50 IVB G3 HGSC 2276 None No Yes
EOC24 66 v G3 HGSC 5539 None No Yes
EOC25 58 Ic G3 HGSC >5,000 NA No Yes
EOC26 75 v G3 HGSC 1660 NA NA NA
EOC27 64 Ic G3 HGSC 511.1 None NA NA
EOC28 56 A G3 HGSC 8.28 None No Yes
EOC29 54 IIC G3 HGSC 317.7 None No Yes
EOC30 51 Imc G3 HGSC 474.7 <2 cm NA Yes
EOC31 68 A G3 HGSC 2661 None Yes Yes
EOC32 67 I G3 HGSC 295.1 None NA Yes
EOC33 45 111B G3 HGSC 1487 <0.3 cm NA NA
EOC34 47 IIc G3 HGSC 921.2 NA NA NA
EOC35 71 mc G3 HGSC 1574 0.1-0.2 cm No Yes
EOC36 56 ic G3 HGSC 4252 <l cm NA Yes
EOC37 48 Ic G3 HGSC 276 NA No Yes
EOC38 50 1ic G3 HGSC 1556 None No Yes
EOC39 50 Ic G3 HGSC 1423 NA No Yes
EOC40 44 mc G3 HGSC 17.98 None No Yes

NA, not available; HGSC, high-grade serous carcinoma; LGSC, low-grade serous carcinoma.

genes (30). Gene Ontology (GO) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) pathway enrichment analysis
were performed for the identified differentially expressed genes
(DEGsS) using the DAVID database (30). A P-value <0.05 was
set to distinguish statistically significant enrichment results.
The functional interactions between proteins can be plotted to

illustrate the molecular mechanisms and signaling pathways
of cellular processing. A protein-protein interaction (PPI)
network of DEGs was constructed using an open-access
bioinformatics tool, the Search Tool for the Retrieval of
Interacting Genes (STRING, http://string.embl.de/) database (31)
and subsequently was visualized using Cytoscape (32). The
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confidence score =0.7 was set as the cut-off criterion and the
Molecular Complex Detection (MCODE) was performed to
screen modules of PPI network with a degree cut-off of 2, a node
score cut-off of 0.2, a k-core of 2, and a max. depth of 100 (33).
In order to supplement the evidence of the identified genes as
potential prognostic markers, progression-free survival (PFS)
and overall survival (OS) were simulated on a Kaplan
Meier-plotter (KM plotter, http:/kmplot.com/analysis/), which
is capable of assessing the effects of >50,000 genes on survival
using >10,000 cancer samples, including breast, ovarian, lung
and gastric cancer (GC) samples (34). The patients with ovarian
cancer were split into 2 groups according to the expression of
a particular gene (high vs. low). The hazard ratio (HR) with
95% confidence intervals and log-rank P-value were calculated
and displayed on the webpage.

Procoagulation activity mediated by plasma exosomes
in patients with EOC. Exosomes associated procoagulant
activity was measured follows: Briefly, 20 ul of each
sub-fraction-PBS solution were incubated for 15 min in
100 gl incubation buffer containing 10 mM HEPES, 25 yM
negatively charged phospholipids which was composed of
dioleoylphosphatidylserine and dioleoylphosphatidylcholine at a
1:9 ratio (840035P and 850375P; Avanti Polar Lipids, Alabaster,
AL, USA), 137 mM NaCl, 4 mM KCl, 6 mM CacCl,, 5 mg/ml
bovine serum albumin and 5 U/ml hirudin (pH 7.45, HO393;
Sigma-Aldrich). Subsequently, 40 ul of 281 nM Factor X
(HFX1010; Enzyme Research Laboratories, Ltd., Swansea, UK)
was added following 40 ul 5.63 nM Factor VII (HFVII1007,
Enzyme Research Laboratories, Ltd.) or blank buffer and
25 ul Factor Xa chromogenic substrate S2765 (82141339;
Chromogenix, Milano, Italy) to commence the reaction. The
rate of the chromophoric group p-nitroaniline formation was
recorded for 90 min at405 nm and the rate of Factor Xa generation
was calculated. The procoagulant activity was expressed as the
rate of Factor Xa generation. Recombinant human tissue factor
(B4212, Dade® Innovin; Siemens Healthcare Diagnostics,
Marburg, Germany) was used as the positive control.

ELISA for GSN, LBP, FGA, and FGG for prognostic
verification. The levels of all 4 markers, namely GSN, LBP,
FGA and FGG were measured according to the manufacturer's
instructions (Fine Biotech). Briefly, 200 pl of Assay Diluent
were added to each well. Subsequently, 50 ul of Standard,
control, or sample was also added to each well. The plate
was incubated at room temperature for 2 h on a horizontal
orbital microplate shaker. Each well was aspirated and
washed, repeating the process 2 times for a total of 3 washes.
Subsequently, 200 ul of Conjugate were added to each well
and the plate was incubated at room temperature for 2 h on the
shaker again. Each well was aspirated and washed 3 times. A
total of 200 u1 Substrate Solution were then added to each well
and incubated at room temperature for 30 min on the benchtop
free from light. Eventually, 50 ul of Stop Solution was added
to each well. UV absorption was measured at 450 nm within
30 min using a plate reader (Thermo Fisher Scientific).
Wavelength correction was set to 540 or 570 nm.

Statistical analysis. Receiver Operating Characteristic
curve (ROC) analysis was performed to evaluate the efficiency
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of GSN, LBP, FGA and FGG as diagnostic markers. The result
of procoagulation assay was analyzed using a Student's t-test
as each case was independent from each other. All statistical
analyses were performed using GraphPad Prism® software
(GraphPad Prism® Version 6).

Results

Isolation and characterization of plasma exosomes in ovarian
cancer. The exosomes were isolated from the patient plasma
samples with a commercially available exosome isolation kit.
The isolation procedure was referred to the manual without
further modifications. Western blot analysis was conducted
to detect the exosomal protein markers. As shown in Fig. 1A,
TSG101 and CDS81, as exosomal protein markers that are involved
in exosome biogenesis, maturation and secretion, were detected
in all the plasma exosome samples. On the contrary, calnexin,
an endoplasmic reticular protein, was only found to be present
in the cell extracts, proving that the isolated exosomes were
highly purified and not contaminated by redundant intracellular
components. TEM was utilized to further characterize the
size and morphology of the exosomes. A number of spherical
particles were detected on the copper meshes. The size remained
within the range of 30-100 nm and approximately 70 nm
in diameter (Fig. 1B). Other methodologies were applied to
confirm the size as well. For instance, NTA, as a conventional
method of characterizing exosomes, was exploited to measure
the size and concentration based on the tracking of Brownian
movement (35). The mean size was approximately 70 nm
and the concentration was approximately 1.53x10® following
a 1,000-fold dilution (Fig. 1C). Another technique, DLS, was
also applied to measure the size that was greatly larger due to
the aquated membrane covering exosomes (Fig. 1D). Another
crucial parameter, the polydispersity index (PDI) was also
evaluated by this technique to characterize the size distribution
of the exosomes. The PDI was approximately 0.22, showing
relatively even size distribution of exosomes, which could also
be confirmed by the sharp single peak in NTA analysis. Taken
together, these results demonstrated that the exosomes were
successfully isolated from the plasma with high purity and well
characterized by various methods.

Proteomics analysis of exosomes derived from patient plasma
samples. To determine the protein profile of the exosomes,
total exosomal proteins were separated by SDS-PAGE on a
12% gel. After every band was cut into sections and subjected
to trypsin digestion in 1.5 ml Eppendorf tubes respectively
overnight, the extracted peptides were analyzed by LC-MS/MS.
A total of 262 proteins in the cancerous plasma exosomes and
257 proteins in the non-cancerous plasma exosomes were
identified from the protein database. In total, 225 proteins
were present in both samples (Fig. 2A). Based on the protein
information following crude screening, the fold change (FC)
value and P-value were calculated from the t-test. An FC >1.5
or FC <2/3 and P-value <0.05 were set as the criteria for the
selection of upregulated or downregulated genes. Eventually,
50 genes were screened as DEGs, which were depicted in a
volcano plot (Fig. 2B). The red dots represent overexpressed
genes, which contained 19 genes; while the green dots
represent downregulated genes, 31 in sum.
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Figure 1. Various characterizations of exosomes. (A) Western blot analysis of the typical exosomal proteins, TSG 101 and CD81, and the endoplasmic reticular
protein, calnexin. (B) Transmission electron microscopy (TEM) of exosomes. (C) Nanoparticle tracking analysis (NTA) of exosomes. (D) Dynamic light

scattering (DLS) analysis of exosomes.

Annotation of identified genes. GO analysis was performed for
the classification of various molecular functions. The identified
genes were categorized into several groups, including biological
process, cellular components and molecular functions. In
Fig. 2C, the 10 most statistically significant items in biological
process, cellular components and molecular functions are
listed in sequence. For biological process, the exosomal genes
were mainly involved in immune response, protein activation
cascade, complement activation, and so on, which may indicate
that plasma exosomes contribute to the proper functioning of
immune system. The aberrant regulation of body immunity
could partially involve the tumorigenesis and metastasis of
EOC. For instance, in one study, exosomes were revealed to
be able to facilitate the intercellular communication in tumor
microenvironment, thereby remodeling normal macrophages
to a tumor-activated phenotype with the assistance of
hypoxia-inducible factors (36). As for the GO analysis of
cellular components, these DEGs were mainly associated
with extracellular space, extracellular region part, blood
microparticle, extracellular region, extracellular exosome,
extracellular vesicle, etc., confirming that these proteins were
originated from plasma exosomes. GO enrichment analysis in
molecular functions was also conducted for these 50 genes.
Some of the genes involved in the following molecular
functions: antigen binding, immunoglobulin receptor binding,

serine-type endopeptidase activity, and so on. These enriched
molecular functions were closely relevant to corresponding
biological process the other way around, such as immune
response, indicating that the molecular function of each gene
mutually interacted and participated in these meaningful
biological processes. Additionally, other processes may also
be related to particular functions of the exosomes, such as
complement binding and receptor binding.

KEGG pathway enrichment and PPI network. As can be seen
from Fig. 2D, the top 10 pathways that contain these exosomal
proteins, among which complement and coagulation cascades
and platelet activation were closely related to abnormal
coagulation function of patients with EOC, which could be an
explanation for the hypercoagulability in a number of patients
with EOC. Pathways of Staphylococcus aureus infection,
pertussis and systemic lupus erythematosus may result from
immune dysfunction, which was in accordance with the results
of GO enrichment analysis. Most other pathways ought to be
involved in tumor growth, progression and apoptosis, including
Fc vy Receptor-mediated phagocytosis and the NF-kB signaling
pathway. Either direct or indirect interactions between DEGs
were plotted in the PPI network (Fig. 2E). It is worth noting that
FGG and FGA were relevant to both complement and coagula-
tion cascades, and platelet activation, implying that exosomal



INTERNATIONAL JOURNAL OF ONCOLOGY 54: 1719-1733, 2019 1725
A Cancerous Non-cancerous B Volcano plot
5= FC=23 FC=15
. :
T :-
E H
v
-
2
-
log1.5 (FC)
C Biological process Cell component Molecular function
100%
80% [+
w "
] o
c w0 €
g 60% g
s ‘s
= ]
5 a0 e g
o 5
o =
20% 10
O%&°&¥é§°‘* & B o B P B R B g SR h o B B0
o S 8 P 8 5 y <
FITIET A G TS S
et S el e PR T E T S PP P B
FFE S S S & Sl &S R o
ST SR S
&5 Sl \9:; F;f;%_@ ‘i@b B e'q,w&\\o"i\"i@ . 6§ = "g‘\@e Y D((éf
A M € F L &
& Pt & & B & g o
& S & g -S“;}i‘g 055?
ﬁf\ﬁ\ (9@0 & &
& ‘\G‘@ \(.\'5\0
D E ® crp
® el Pertussis
CFHRL
|
- b Systemic lupus erythematosus
= ,%- Cemplement and coagulation cascades Ll
>
< ° .
o phyls aureus infe
S =
- P ]
SERPRAL _P““"“ activation NF-kappa B signaling pathway
[ ]
Mask e Fe 'gimma R-mediated phagocytosis
[ ]
bl .. Amoebiasis
& Final i !
& i} .
& senmno: - e e
&0 ' ®
& c’n [ ] G!I

CdA  camPa

Figure 2. Bioinformatics analysis of proteomic results. (A) Venn diagram of the number of detected proteins in cancerous and non-cancerous patient samples
and their intersection. (B) Volcano plot of differently expressed proteins. Fold change (FC) values >1.5 or <2/3 and a P-value <0.05 were set as the filter criteria.
Green dots represent downregulated proteins; red dots represent upregulated proteins. (C) Gene Ontology (GO) enrichment analysis of differently expressed
proteins. Top 10 items are listed in biological process, cell component and molecular function, respectively based on their statistical significance (30,31).
(D) KEGG pathway enrichment analysis of differently expressed proteins. Top 10 items are listed on their statistical significance (30,31). (E) Protein-protein
interaction (PPI) network of the enriched proteins and their corresponding cell signaling pathways (32,33).

FGG and FGA may be key genes regulating the coagulation
cascade in patients with EOC. Moreover, GSN and LBP were
linked to Fc y Receptor-mediated phagocytosis and the NF-«kB
signaling pathway, respectively, which made it more explicit
that GSN and LBP originated from exosomes played a role in
tumor apoptosis.

Exosome-associated hypercoagulability in patients with
EOC. In clinical practice, patients with EOC often suffer
from venous thromboembolism (VTE) due to the aberrant
activation of platelet and coagulation dysfunction (37). Most

of them remain in a hypercoagulable state and the status of
coagulation has emerged as an indicator for EOC. As shown
in Table III, among the 50 DEGs, 10 genes participated in the
complement and coagulation cascade, namely coagulation
factor XIII A chain (FI3A1), coagulation factor IX (F9),
serpin family A member 1 (SERPINAI), FGA, FGB, FGG,
complement C9 (C9), complement component 4 binding
protein alpha (C4BPA), complement C8 alpha chain (C8A)
and complement component 4 binding protein beta (C4BPB),
the majority of which were upregulated in patients with EOC,
suggesting that the overexpression of these exosomal genes
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Table III. Information of identified differentially expressed genes (DEGs).

Accession no. Gene ID Fold change P-value Expression
P01706 IGLV2-11 0.218133124 0.046131844 Downregulated
P01705 IGLV2-23 0.301249245 0.032502181 Downregulated
P04211 IGLV7-43 0.337616894 0.003289896 Downregulated
AO0A075B6KO0 IGLV3-16 0.342103003 0.027922644 Downregulated
AO0A075B6S2 IGKV2D-29 0.361179729 0.018761308 Downregulated
P01780 IGHV3-7 0.413239637 0.000846937 Downregulated
AOAO0B4J1V0 IGHV3-15 0.413556853 0.003187854 Downregulated
P01701 IGLV1-51 0.466774595 0.017830268 Downregulated
P01859 IGHG2 0.47139263 0.017141917 Downregulated
P06396 GSN 0.47577625 0.000550377 Downregulated
P06312 IGKV4-1 0.480672648 0.002873312 Downregulated
P00488 FI13A1 0.481024159 0.005927534 Downregulated
P01860 IGHG3 0.481916606 0.027922715 Downregulated
AOAOB4J1V2 IGHV2-26 0.48266588 0.014221922 Downregulated
AO0A075B7D0 IGHV10R15-1 0.486125479 0.032529504 Downregulated
AO0AOB4J1X8 IGHV3-43 0.488511091 0.006554509 Downregulated
A0A0B4J1Y9 IGHV3-72 0.493082012 0.001689489 Downregulated
AOAO0C4DH35 IGHV3-35 0.494979343 0.006757808 Downregulated
P05452 CLEC3B 0.507434994 0.004828297 Downregulated
AOAQ075B619 IGLV7-46 0.511105442 0.007728489 Downregulated
S4R460 IGHV30R16-9 0.520150846 0.010756891 Downregulated
AOAO075B6R9 IGKV2D-24 0.52141676 0.035994038 Downregulated
QI9NQ79 CRTACI1 0.533552214 0.009071347 Downregulated
PODOY2 IGLC2 0.540646515 0.025332541 Downregulated
AOAOAOMS15 IGHV3-49 0.567732527 0.014566172 Downregulated
AOAOB4J1U7 IGHV6-1 0.593352797 0.033839926 Downregulated
AOAQ075B7B8 IGHV30R16-12 0.604561348 0.003882883 Downregulated
A0A0B4J231 IGLLS 0.608827162 0.049914959 Downregulated
P01834 IGKC 0.641872888 0.032179959 Downregulated
P01742 IGHV1-69 0.646993729 0.042670996 Downregulated
F8W1S1 KRT74 0.652950133 0.045547508 Downregulated
Q99784 OLFM1 1.520266138 0.016352632 Upregulated
POCOL4 C4A 1.523579037 0.011662874 Upregulated
Q03591 CFHR1 1.528039639 0.000491116 Upregulated
P36980 CFHR2 1.539803521 0.02091088 Upregulated
P02743 APCS 1.57664451 0.01704065 Upregulated
P06702 S100A9 1.644481596 0.01755607 Upregulated
E7ETHO CFI 1.732825958 0.031482969 Upregulated
P02748 9 1.867280995 0.024739231 Upregulated
P01009 SERPINAI 1.885728943 0.033000428 Upregulated
P02750 LRGI 1.939799893 0.045335361 Upregulated
P05546 SERPIND1 2289112647 0.020819823 Upregulated
P02763 ORMI1 2.538489431 0.007998879 Upregulated
P18428 LBP 2.616390498 0.012556488 Upregulated
AOAQ96LPE2 SAA2-SAA4 3.287876685 0.005920009 Upregulated
P02671 FGA 3.31200379 0.02307751 Upregulated
P02675 FGB 6.618243962 0.018788218 Upregulated
P02679 FGG 8.57650775 0.025580522 Upregulated
P00738 HP 10.72525182 0.018597109 Upregulated
P02741 CRP 11.99122018 0.026727478 Upregulated
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Factor X via a chromogenic methodology (“P<0.0001).

mediates the coagulation cascade, as well as platelet activation
and induces blood clotting. Therefore, the procoagulation
assay was conducted to verify the discrepant influences of
cancerous and non-cancerous plasma exosomes on the rate
of clotting (Fig. 3). The EOC group exhibited a much higher
degree of coagulation (P<0.0001), which proved the promotion
and acceleration effects on coagulation by EOC exosomes
and confirmed the estimated pathways and the subsequent
regulations.

Identification of diagnostic and prognostic biomarkers based
on the results of proteomics analysis. As mentioned above,
50 DEGs were identified and sorted according to FC value
with statistical significance, among which 19 genes were all
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enriched in GO analysis, KEGG pathway analysis, as well as the
PPI network. In total, 4 genes (LBP, FGG, FGA and GSN) were
eventually selected as the potential diagnostic and prognostic
biomarkers for the reason that they were all involved in two
categories of function enrichment, namely coagulation and
apoptosis related pathways. The proteomics analysis revealed
that the protein levels of FGA and GSN were upregulated. FGG
and LBP, on the contrary, were downregulated. Another cohort
of patients (40 with EOC and 40 non-cancerous subjects) was
enrolled in the validation assay of these 4 genes. ELISA was
conducted and the sensitivity and specificity were accessed by
ROC analysis. The expression of these 4 genes in exosomes
derived from the 80 patient plasma samples is shown in Fig. 4.
The FGA and GSN levels were significantly elevated in the
cancer group, which was consistent with what was observed
in the proteomics analysis. Similarly, the FGG and LBP
levels were downregulated in the cancer patient cohort. FGA
conferred the highest area under the curve (AUC) among all
4 candidates, which was approximately 0.8459 (Fig. 5B). The
lowest AUC belonged to LBP, approximately 0.6588 (Fig. 5D).
Thus, FGA emerged as a promising biomarker for the diagnosis
of EOC. For prognostic biomarker screening, the OS and PFS
of patients as regards FGG and LBP expression were estimated
on the Kaplan Meier-plotter, which is an open-access online
database for estimating the progression-free survival (PFS)
and overall survival (OS) of over 50,000 genes on survival
using >10,000 cancer samples, including breast, ovarian, lung
and gastric cancer (34). The patients with ovarian cancer were
divided into 2 groups according to the expression of a particular
gene (high vs. low). The hazard ratio (HR) with 95% confidence
intervals and log-rank P-value were calculated. As can be seen
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Figure 4. ELISA data of exosomal GSN, FGA, LBP and FGG expression. (A) Exosomal GSN expression in cancer and non-cancerous patients (“P<0.0001).
(B) Exosomal FGA expression in cancer and non-cancerous patients (““P<0.0001). (C) Exosomal LBP expression in cancer and non-cancerous patients
("P<0.01). (D) Exosomal FGG expression in cancer and non-cancerous patients ("P<0.0001). GSN, gelsolin; FGA, fibrinogen alpha chain; LBP, lipopolysac-

charide binding protein; FGG, fibrinogen gamma chain.
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Figure 5. Receiver operating characteristic (ROC) curve assay of the selected exosomal proteins as diagnostic biomarkers. (A) ROC-AUC of GSN was 0.8309
(0.7343 t0 0.9274, P<0.0001). (B) ROC-AUC of FGA was 0.8459 (0.7602 to 0.9317,P<0.0001). (C) ROC-AUC of FGG was 0.7447 (0.6323 to 0.8571, P<0.0001).
(D) ROC-AUC of LBP was 0.6588 (0.5381 to 0.7794, P<0.001). GSN, gelsolin; FGA, fibrinogen alpha chain; LBP, lipopolysaccharide binding protein; FGG,

fibrinogen gamma chain.

from Fig. 6, FGG (HR, 0.79 for OS and 0.77 for PFS) and LBP
(HR, 0.81 for OS and 0.78 for PFS) could both be applied to
predict the prognosis of patients with EOC. It was found that a
high mRNA expression of FGG or LBP was associated with a
shorter PFS and OS for patients with EOC, reflecting a worse
prognosis. However, it should be noted that the potential for
these genes as prognostic biomarkers was only investigated
on a Kaplan Meier-plotter that contains thousands of cases. In
fact, the survival curve was derived from the results of gene
expression, but not from exosomal gene expression. Further
studies are required for the validation and verification of these
genes in exosomes as prognostic indicators.

Discussion

Exosomes belong to extracellular vesicles with 30-100 nm
in diameter and are secreted by various types of cells.
Researchers nowadays pay more attention to the studies of
exosomes to investigate the important roles in intercellular
communications. Despite tremendous research being made on
exosomes in a variety of types of cancer, these studies have
shed light into the pivotal roles of several exosomal molecules
in tumorigenesis, evasion, metastasis and recurrence (5-12).
However, there were few reports on the systemic proteomic
analysis of exosomes, particularly for plasma exosomes in
ovarian cancer, as compared to other types of cancer (38-40).
It is of great importance to obtain a more comprehensive
proteomic profile of the plasma exosomes in ovarian cancer,
when developing some novel diagnostic and prognostic

biomarkers based on exosomes. Furthermore, investigating
the protein composition of exosomes would supplement the
understanding of the mechanism of their biogenesis and the
functional roles in this most lethal gynecological malignancy.

In this study, exosomes were enriched from EOC patient
plasma with spherical morphology and mostly 30-100 nm in
diameter. TEM, NTA and DLS were also utilized to confirm
the size, concentration and size distribution of the exosomes.
Western blot analysis was performed to examine the expression
of typical exosomal proteins, including TSG101 and CDSI.
The high purity of the exosomes was not only ensured during
isolation procedures, but was also verified by an endoplasmic
reticular marker, calnexin, which was not observed in exosome
stains. Based on these multifaceted characterizations, plasma
exosomes with a high purity were obtained, which laid
the foundation for the subsequent proteomics analysis. In
total, 262 exosomal proteins were detected from EOC and
non-cancerous samples by performing an LC-MS/MS in
combination with TMT, which is the first ovarian cancer
exosome study based on this technique, at least to the best of
our knowledge. A total of 50 DEGs were screened out with
distinct annotation to cellular components, biological process,
and molecular function respectively. Among these, 19 genes
were plotted in the PPI network to explain their interaction
and involved signaling pathways. Two particular categories
of pathway should be paid more attention to, including
coagulation and apoptosis-related pathways. In this study,
we demonstrated the procoagulation activity of exosomes
derived from EOC patient plasma. The bioinformatics analysis
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Figure 6. Prognostic significance of FGG and LBP estimated by simulated Kaplan-Meier analysis. Both overall survival (OS) and progression-free sur-
vival (PFS) were evaluated. The hazard ratio (HR) was utilized to describe the efficiency of prognostic markers and log-rank test was performed to demonstrate
their statistical significance (34). (A) Estimated OS of FGG in ovarian cancer. (B) Estimated PFS of FGG in ovarian cancer. (C) Estimated OS of LBP in
ovarian cancer. (D) Estimated PFS of LBP in ovarian cancer. FGG, fibrinogen gamma chain; LBP, lipopolysaccharide binding protein.

provided an explanation for hypercoagulation that occurs in
patients with EOC at the molecular level. FGG, FGA, C9,
C4BPA, C4BPB and C4A, as well as other genes were found
to be relevant to coagulation in this study.

Among all DEGs, 4 genes, namely GSN, FGG, LBP and
FGA were selected as diagnostic markers. FGA ought to be
the most promising diagnostic biomarker based on the results
of ROC analysis. FGA has been found to serve as a diagnostic
marker in several studies. For instance, Davalieva ef al reported
the non-invasive biomarkers in urine with higher specificity
than prostate-specific antigen (PSA) in patients with prostate
cancer; a number of genes, including FGG and FGA were
observed to be present with different abundances, which could

be potential biomarker candidates (41). In another study, the
serum levels of the proteins, alpha 2-HS glycoprotein (AHSG),
FGA and apolipoprotein Al (APOA-I), were identified as
diagnostic biomarkers for gastric cancer (GC); ELISA data
suggested that the serum levels of FGA, AHSG and APOA-I
in patients with GC differed significantly as compared to the
healthy volunteers; moreover, the serum levels of these three
proteins were associated with TNM stages and could reflect
tumor burden (42). The FGG gene mediates the formation
of the fibrinogen y chain, a subunit of the fibrinogen protein.
This protein is important for coagulation, which is needed to
attenuate excessive bleeding following injury (43). Besides
being the diagnostic factors, FGA and FGG have also been
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proven to serve as novel prognostic biomarkers for GC.
The elevated expression of FGA and FGG predicted poorer
prognosis of GC patients according to the survival analysis (44).

In prostate cancer (PC), GSN has also been demonstrated
to interact with androgen receptor (AR) in a dose-dependent
manner, which can enhance the bioactivity of AR. The
blockage of the interaction between GSN and AR may thus
emerge as a promising therapeutic target for the treatment
of PC (45). Another study focused on the prognostic value
of cytoskeleton-associated proteins for ovarian cancer (46).
In silico analysis was performed using the cancer genome
atlas (TCGA) and 17 cytoskeletal proteins, including GSN,
playing a role in tumor progression (46). GSN has also
been shown to be involved in TGF-f1 induced epithelial to
mesenchymal transition (EMT) in breast cancer (47). An
increased GSN expression was shown to result in alterations
of cell proliferation and cell cycle, due to the modification of
the actin filament assembly by GSN. The expression of typical
markers for EMT process, such as N-cadherin, E-cadherin,
and vimentin was altered by the silencing of GSN, suggesting
that TGF-B1 triggered aberrant expression of GSN could
affect the EMT process in breast cancer cells (47). A high
level of GSN was found to be involved in chemoresistance
in gynecological cancer cells compared with their sensitive
cell types. Cisplatin-induced GSN downregulation is
associated with its cleavage and apoptosis. In resistant cells,
GSN was highly expressed and cisplatin failed to abolish the
downstream interaction, leading to the attenuated apoptosis.
In addition, the overexpression of GSN was closely associated
with a more aggressive behavior and a shorter OS, as well
as PFS. These findings are in agreement with the notion that
GSN is a crucial role in chemosensitivity in gynecological
cell, which could be exploited as diagnostic and prognostic
markers (48).

LBP has been studied in other types of cancer to explore its
potential as the diagnostic and/or prognostic biomarkers. An
increased level of LBP has been shown to be closely associated
with colorectal (CRC) and gallbladder cancer (49,50). Gut
microbiota dysbiosis impairs the intestinal barrier function and
elevates plasma lipopolysaccharide levels, thereby promoting
endotoxemia and contributing to the development of CRC. The
reduction in plasma LBP levels may be a crucial parameter
for patients newly diagnosed with CRC (51). Additionally, LBP
may also be useful in renal cancer (52). Cox regression analysis
was performed to explore the survival in association with
age, sex, clinicopathological parameters and LBP expression.
A high expression of LBP indicates conventional renal cell
carcinoma patients at a high risk of post-operative progression
that may require optimized active surveillance and prompt
regime (52). Circulating exosomes containing LBP emerged
as a biomarker for non-small cell lung cancer (NSCLC) (53).
LBP was found to be well distinguished between patients with
metastatic and patients with non-metastatic NSCLC, implying
LBP as a promising and effective indicator of metastatic
NSCLC (53).

Due to the heterogeneity and frequent relapse of ovarian
cancer, it is of great importance to discover biomarkers
for early diagnosis of ovarian cancer. The study by
Liang et al demonstrated that the exosomal proteins were
highly enriched in signaling pathways associated with
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carcinogenesis. A number of proteins were overexpressed
in both tissue and exosomes, including tubulin beta-3
chain (TUBB3), epithelial cell surface antigen (EpCAM),
claudin 3 (CLDN3), proliferation cell nuclear antigen
(PCNA), epidermal growth factor receptor (EGFR),
apolipoprotein E (APOE), fatty acid synthase (FASN),
etc., which may serve as potential diagnostic markers and
therapeutic targets for the treatment of ovarian cancer (38).In
one study, EpCAM was demonstrated to be associated with
the remote metastases in advanced endometrial cancer (54).
In clinical practice, however, EpCAM was not a conventional
biomarker to be evaluated, implying that the sensitivity and
the specificity for ovarian cancer is not sufficient enough.
A more promising way is to discover other biomarkers with
high sensitivity and specificity.

Apart from ovarian cancer, proteomics analysis has been
conducted in a number of other types of cancer. In one study,
exosomes were enriched from the serum of patients with prostate
cancer and proteomic profiling was performed using LC-MS/MS
so as to reveal distinct proteins across different ethnicities (55).
Large quantities of novel proteins were discovered that appeared
to be ethnicity-specific in prostate cancer, including Iroquois
homeobox protein 5 (IRXS5), mitochondrial tumor suppressor 1
isoform 4 (MTSI) and trinucleotide repeat containing 6B
isoform 3 (TNR6B). The purpose of that study was to find drug
targets for the prostate cancer patients with particular ethnicity.
However, those authors failed to recruit a validation cohort to
verify the feasibility of these potential biomarkers which should
be further improved (55).

Furthermore, proteomics analysis has also been performed
for the identification of biomarkers in exosomes derived from
patients with pancreatic cancer. An et al (56) reported the
proteomic results of exosomes from the sera of ten patients
with locally advanced pancreatic cancer. The quantitative
analysis was conducted using the iTRAQ method. Each
sample contained 700 to 800 exosomal proteins, several of
which may be relevant to metastasis and chemoresistance of
pancreatic cancer. The exosomes at various time points were
also collected to compare the alterations of proteomic profiles
during the treatment period. In total, 8 proteins were identified
to show universal treatment-specific changes, supporting the
importance of tumor-derived exosomes in pancreatic cancer
progression and metastasis. OBSL1 and PLF4 displayed the
highest treatment response among 8 proteins, which could be
favorable candidates for biomarker development (56).

Recently, Chen et al (57) presented a quantitative
proteomics analysis of exosomes purified from the colorectal
cancer (CRC) patient serum samples. A total of 918 proteins
were detected and 725 of these were found in the Exocarta
proteins list. In comparison with normal volunteers,
36 proteins were upregulated and 22 proteins were
downregulated in the serum exosomes of patients with CRC.
Bioinformatics analysis revealed that upregulated proteins
were involved in processes relevant to metastasis; while the
downregulated proteins mainly contributed to tumorigenesis
and cell survival (57). Some of these differently expressed
proteins may be promising diagnostic and/or prognostic
indicators; however, no further verification analysis was
performed to establish the association between clinical
characteristics and the proteomics results, which should be
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further elucidated for the development and application in
clinical practice.

Notably, this study covered several important clinical
needs in ovarian cancer. On the one hand, this study is the
first (to the best of our knowledge) to propose exosomal
GSN, FGG, FGA and LBP to be the diagnostic biomarkers
of ovarian cancer, which was verified and validated by the
ELISA. The diagnostic molecular signature identified in
exosomes would perfectly supplement the current diagnostic
procedure based on the tissue samples, reducing the number
of invasive biopsies needed. This proteomics approach paves
the way for the identification of proteomic signatures in
exosomes that are more relevant to clinical characteristics.
On the other hand, from the Kaplan Meier-plotter, we found
the promising prognostic values of FGG and LBP. However,
the survival results from that website were concluded based
on the gene expression in tissue samples, but not in exosomes,
attenuating the reliability of exosomal FGG and LBP as the
potential prognostic biomarkers. Therefore, the survival data
should be summarized according to the exosomal expression
of FGG and LBP in future studies, which could complement
the limitations of the current study. In fact, the patients have
been under observations to acquaint their updated follow-up
statuses. Upon completion, the survival curves will be
constructed to enhance the values of exosomal FGG and
LBP as the prognostic factors. Given that ovarian cancer
is closely associated with the high challenge of metastatic
and chemoresistant characteristics, our exosomal proteomic
results may provide some new aspects and directions for
future studies. Due to the limited sample size of this study,
further research should be further conducted to reveal more
prevalent and insightful markers. Additionally, we only
explored the diagnostic and prognostic potentials of the
individual exosomal protein. The combined utilization of our
findings and clinical markers, such as CA125, could emerge as
an encouraging perspective for a more in-depth investigation.

In conclusion, in this study, we successfully isolated and
purified exosomes from plasma in patients with EOC, which
were characterized by various approaches to prove the high
quality of the isolated exosomes. To the best of our knowl-
edge, this study is the first to use LC-MS/MS combined with
TMT for the proteomics analysis of ovarian cancer-derived
exosomes. The subsequent GO analysis, KEGG pathway
and PPI network described the mutual interactions of DEGs,
indicating that some of DEGs were involved in the mediation
of coagulation cascade relevant to hypercoagulable state in
patients with EOC. The procoagulation assay also proved that
exosomes enriched from EOC patient plasma could enhance
and accelerate the coagulation process. In total, 4 genes
emerged as promising diagnostic and 2 as potential prognostic
indicators. The common proteins associated with exosome
biogenesis may provide some new information on under-
standing the mechanisms of exosome secretion in ovarian
cancer. Further studies should be conducted to validate
some candidate prognostic markers in one separate cohort of
patients and confirm the functional roles of exosomes in the
malignant disease. More patients should be included to reduce
bias and enhance the reproducibility and reliability of the
study, particularly for proteomic analysis. Limited sample size
may compromise the robustness.
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