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Abstract: Extracellular vesicles (EVs), including exosomes, are key factors of intercellular communi-
cation, performing both local and distant transfers of bioactive molecules. The increasingly obvious
role of EVs in carcinogenesis, similarity of molecular signatures with parental cells, precise selection
and high stability of cargo molecules make exosomes a promising source of liquid biopsy markers for
cancer diagnosis. The uterine cavity fluid, unlike blood, urine and other body fluids commonly used
to study EVs, is of local origin and therefore enriched in EVs secreted by cells of the female reproduc-
tive tract. Here, we show that EVs, including those corresponding to exosomes, could be isolated
from individual samples of uterine aspirates (UA) obtained from epithelial ovarian cancer (EOC)
patients and healthy donors using the ultracentrifugation technique. First, the conducted profiling
of small RNAs (small RNA-seq) from UA-derived EVs demonstrated the presence of non-coding
RNA molecules belonging to various classes. The analysis of the miRNA content in EVs from UA
performed on a pilot sample revealed significant differences in the expression levels of a number
of miRNAs in EVs obtained from EOC patients compared to healthy individuals. The results open
up prospects for using UA-derived EVs as a source of markers for the diagnostics of gynecological
cancers, including EOC.

Keywords: miRNA; ovarian cancer; uterine aspirates; extracellular vesicles; exosomes; small
RNA sequencing

1. Introduction

Extracellular vesicles (EVs), and especially exosomes, are of growing interest in the
context of the search for markers for diagnosing and staging malignant tumors, assessing
disease prognosis and predicting response to therapy. Exosomes are nanosized vesicles that
differ from other EV types in the way of biogenesis; they originate in the vesicular traffic
system and are released into the extracellular space upon the fusion of multivesicular endo-
some membranes with the plasma membrane [1]. Small EVs corresponding to exosomes
are found in all biological fluids and contain various classes of biomolecules, including
key signaling proteins and various types of RNA (including coding and regulatory RNAs).
Exosomal markers of cancer have a number of advantages over both tissue and serological
markers [2,3]. One of the most commonly used sources of small EVs for the search of
cancer markers is blood plasma, but it contains an extremely heterogeneous pool of vesicles
secreted by numerous blood cells, immune cells, epithelial and other cells, from which

Cells 2022, 11, 1064. https:/ /doi.org/10.3390/ cells11071064

https:/ /www.mdpi.com/journal/cells


https://doi.org/10.3390/cells11071064
https://doi.org/10.3390/cells11071064
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/cells
https://www.mdpi.com
https://orcid.org/0000-0002-4127-6973
https://orcid.org/0000-0003-0766-163X
https://orcid.org/0000-0002-6355-7282
https://orcid.org/0000-0002-0503-6016
https://orcid.org/0000-0001-8837-7969
https://doi.org/10.3390/cells11071064
https://www.mdpi.com/journal/cells
https://www.mdpi.com/article/10.3390/cells11071064?type=check_update&version=2

Cells 2022, 11, 1064

20f19

exosomes that originated from cancer cells consist of a very small percentage [4,5]. In
contrast, EVs from “local” body fluids such as ascites and pleural fluid, arising in the areas
of primary tumor growth, are enriched in tumor-originated exosomes, making them a more
suitable source of cancer markers. However, there is no sufficient normal control for such
EV sources (i.e., the same biological fluids of healthy individuals), which strongly limits an
adequate comparison when looking for cancer markers. In this respect, uterine aspirates
(UA) appear to be a very promising source of EVs for the study of gynecological cancer
markers. To our surprise, we found no previously published results on this topic. Earlier, in
2016, the feasibility of isolating exosome-like vesicles from this biofluid was demonstrated
for the first time [6]. However, for further RNA isolation and RT-qPCR analysis, the authors
used pooled UA specimens obtained from different individuals. That was probably due to
the small volume of individual UA specimens, making it difficult to isolate EVs in sufficient
quantity for a subsequent analysis. In a few later published studies unrelated to cancer
research, uterine flushes have been used as a similar source of exosomes [7,8].

We show for the first time that EVs, including small EVs corresponding to exosomes,
can be isolated from individual UA samples from both cancer patients and healthy donors
using the ultracentrifugation method with some slight modifications. Interestingly, their
concentrations were significantly higher than that isolated under the same conditions from
uterine flushes (UF). The vesicles obtained from UA correspond to exosome-like vesicles
according to the criteria recommended by ISEV (International Society for Extracellular
Vesicles) [9], including size, morphology (based on TEM and NTA data) and enrichment
in exosomal markers belonging to distinct functional groups of proteins (according to
immunoblotting data). The number of vesicles isolated from UA was sufficient not only
for protein isolation and analysis but also for obtaining RNA preparations, containing
different types of RNA, including noncoding regulatory RNAs of various classes, which
was confirmed by the analysis of RNA size distribution and sequencing data. NGS-based
small RNA-seq revealed the presence of a wide range of RNA species, including miRNAs
and a number of other regulatory molecules. The comparison of miRNA sequencing data
obtained using a small pilot sample revealed the panel of differently expressed miRNAs
in EVs from healthy donors and patients with epithelial ovarian cancer (EOC, a serous
adenocarcinoma subtype). The choice of ovarian cancer (OC) is based both on the extremely
high demand for markers of a liquid biopsy for early diagnosis and on several lines of
evidence linking changes in the cellular and molecular compositions of the uterine cavity
fluid into the pathogenesis of ovarian cancer [10-13].

Differences in the levels of a few selected miRNAs (miR451a, miR199a-3p and miR375-
3p) in EVs from EOC patients and healthy donors were further confirmed by stem-loop
RT-qPCR. Overall, these results show that UA represent a promising source for studying
exosome-like EVs. Given that the sampling procedure is safe and noninvasive, this biofluid
can be used for screening for exosomal markers of gynecological cancers.

2. Materials and Methods
2.1. Clinical Specimens and Patient Consent

Uterine aspirates and flushes from the uterine cavity were collected using a type C
Pipelle probe from epithelial ovarian cancer patients (EOC patients, N = 5) and patients with
no history of cancer (control group, N = 5). Samples were received from the Gynecologic
Department of the N.N. Blokhin National Medical Research Center of Oncology. The
EOC samples included high-grade serous adenocarcinoma (TNM status and disease stages
for each patient are shown in Table 1). Clinical diagnosis in each case was confirmed by
histopathology. The tumor clinic morphological stages were determined according to the
FIGO classification. Sampling was performed before the surgery or other treatment. Written
informed consent was sought and obtained from all participants in accordance with the N.N.
Blokhin National Medical Research Center of Oncology Ethics Committee guidelines.
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Table 1. Clinico-morphological characteristics of EOC patients.

Sample TNM Grade (I?Ité%) Histological Subtype
T1 T3cNOM1 High (G3) v serous adenocarcinoma
T2 T3cN1MO High (G3) IIIC serous papillary adenocarcinoma
T3 T3cN1MO High (G3) IIic serous papillary adenocarcinoma
T4 T1cNOMO High (G2) IC serous adenocarcinoma
T5 T3cNOM1 High (G3) IVA serous papillary adenocarcinoma

The initial volume of UA ranged from 200 pL to 1.5 mL. The obtained samples were
diluted in 5 mL of ice-cold PBS right after collection. Alternatively, uterine flushes were
obtained using a technique in which a sterile saline solution was injected using dual-channel
catheters, and 8-mL flushes were taken.

2.2. Sample Processing

All the clinical specimens were processed no more than two hours after the sampling.
Samples were placed in 15mL centrifuge tubes and kept on ice through all the processing.
After 30 s of vortexing, samples were centrifuged consecutively at 300 x g (4 °C) for 15 min,
800x g (4 °C) for 15 min, 2000x g (4 °C) for 20 min A-4-81 rotor (Eppendorf Centrifuge
5810R) and 10,000 g (4 °C) for 30 min (F-34-6-38 rotor Eppendorf Centrifuge 5810R) to
remove cells, debris and large particles. The supernatants obtained in the last step were
frozen at —80 °C until needed.

2.3. Isolation of EV’s

We used a standard protocol of differential centrifugation described by Thery et al. [14]
with slight modifications. Briefly, thawed supernatants from UA and UF samples were
diluted with ice-cold PBS or saline, respectively, to a final volume of 35 mL and transferred
to ultracentrifuge tubes (#326823, Beckman Coulter, Brea, CA, USA) to perform the first
ultracentrifugation round at 110,000 g (4 °C) for 2 h with a SW-28 swinging bucket ro-
tor (k factor 245.5; Beckman Coulter). The obtained pellet (containing mostly small EVs)
was resuspended in 5 mL of ice-cold PBS and transferred to small ultracentrifuge tubes
(#326819, Beckman Coulter) and centrifuged again at 110,000x g (4 °C) for 1 h with a
SW-50.1 swinging bucket rotor (k factor 154.5; Beckman Coulter). The final cleared pellet
was resuspended in 120 pL of ice-cold PBS (#70011-044, Gibco, Grand Island, NY, USA);
aliquoted in Eppendorf tubes (Protein LoBind #022431005) for nanoparticle tracking analy-
sis (NTA), transmission electron microscopy (TEM), RNA isolation and protein analysis;
frozen in liquid nitrogen and stored at —80 °C for further analysis.

2.4. Particle Size Distribution and Quantification

The size distribution and concentration of EVs were determined by NTA using a
NanoSight LM10 HS instrument equipped with a NanoSight LM14 unit with onboard
temperature control (Malvern Panalytical Ltd., Malvern, UK), a LM 14C (405 nm, 65 mW)
laser unit and a high-sensitivity camera with a scientific CMOS sensor (C11440-50B, Hama-
matsu Photonics, Hamamatsu City, Japan). All measurements were performed in ac-
cordance with ASTM E2834-12(2018), with the following camera and video processing
setups optimized for EV measurement: Camera Shutter = 1500, Camera Gain = 500, Lower
Threshold = 195, Higher Threshold = 1885, Screen Gain = 10 and Detection Threshold = 8
(Multi). Each sample was diluted with particle-free PBS down to a concentration of about
1.5 x 108 particles/mL. Twelve videos 60 s long each were recorded and processed using
NTA software 2.3 build 33 (Malvern Panalytical Ltd.). The results from all measurements
were combined to obtain a particle size histogram and the total particle concentration
corrected for the dilution factor using the NTA software feature.
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2.5. Transmission Electron Microscopy

The carbon-coated TEM grids (Ted Pella) were treated for 45 s using an Emitech K100X
glow discharge device (Quorum Technologies Ltd., Laughton, UK) to make the carbon
surface hydrophilic and increase the adsorption of the vesicles. The samples of isolated
vesicles were 5- to 40-fold diluted (depending on the NTA-measured concentration) in
PBS to ensure a convenient surface density of the adsorbed particles. The samples were
deposited for 30-60 s, stained with 1% uranyl acetate for 45 s twice and dried. Images (at
least 10 per sample) were obtained using a JEM-1011 transmission electron microscope
(JEOL, Ltd., Akishima, Japan) operating at 80 kV.

2.6. Immunoblotting and Antibodies

The total protein concentration in EV samples and cells lysed in RIPA buffer were
determined using Bradford reagent (#500-0006, Bio-Rad Laboratories, GmbH, Munich,
Germany), according to the manufacturer’s recommendations using a Benchmark Plus
microplate spectrophotometer (Bio-Rad Laboratories). Western blotting was performed
according to the previously described procedure [15]. Briefly, ten micrograms of total
protein were applied to 15% SDS-PAGE, transferred to a PVDF membrane (Merk Mil-
lipore Ltd., Carrigtwohill, Ireland) and blocked with 5% BSA (#0332-100G, VWR Life
Science, Solon, OH, USA) in TBS buffer with 0.1% TWEEN-20 (MP Biomedicals, LLC,
Irvine, CA, USA) for 1 h at room temperature (RT). Membranes were incubated overnight
at 4 °C with primary antibodies, washed three times in TBS/TWEEN-20 and incubated
with secondary antibodies (1 h, RT). Proteins were visualized with an Enhanced Chemilu-
minescence Detection Kit (Millipore). Images were captured using a Kodak GelLogic 2200
Imaging System. The following primary and secondary antibodies and dilutions were used:
anti-Alix (#sc-271975, 1:500; Santa Cruz Biotechnology, Dallas, TX, USA), anti-Flotillin-2
(#34365, 1:1000; Cell Signaling Technology, Topsfield, MA, USA), anti-CD9 (#13174, 1:2000;
Cell Signaling Technology), anti-TSG-101 (ab125011, 1:5000; Abcam, Cambridge, UK),
anti-Caveolin-1 (ab2910, 1:1000; Abcam), anti-PCNA (#sc-7907, 1:500; Santa Cruz Biotech-
nology), anti-mouse goat polyclonal antibodies (#2367, 1:5000; Cell Signaling Technology)
and anti-rabbit goat polyclonal antibodies (#29902, 1:80,000; Cell Signaling Technology).

2.7. RNA Extraction and Measurement

The RNA from EVs was isolated using a Total Exosome RNA & Protein Isolation
Kit (#4478545; Invitrogen, Vilnius, Lithuania), according to the manufacturer’s protocols.
RNA was eluted from the last column with 60 uL of nuclease-free water and stored at
—80 °C until further analysis. A small RNA concentration was measured using the Qubit™
microRNA Assay Kit (Q32881; Invitrogen) according to the manufacturer’s protocol. The
amount, quality and size distribution of isolated RNA were analyzed by an Agilent 2100
Bioanalyzer for small RNA profiles using Small RNA Kits (Agilent Technologies, Santa
Clara, CA, USA).

2.8. Small RNA Deep Sequencing

Total RNA, containing the small RNA fraction, has been converted into cDNA libraries
using 2 pL of total exosomal RNA according to the NEBNext® Multiplex Small RNA Library
Prep Set for Illumina (NEB) (BioLabs Inc., Hitchin, UK) for all the preparations. Next, we
measured the DNA yield and distribution of the fragment lengths of the obtained libraries
using the High Sensitivity DNA Kit on a Bioanalyzer 2100 (Agilent Technologies) and
carried out the selection cDNA according to the miRNA size using the AMPure XP Beads
(BioLabs Inc.) according to the NEB. Sequencing was performed on a HiSeq1500 (Illumina)
instrument by single-end reads of 50 nucleotide lengths with the generation of at least
5 million reads mapped to the human genome (human genome (hg18) assembly version).
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2.9. Bioinformatics

Analysis of the obtained sequence results in FASTA files was performed as follows: the
pipeline was designed to preprocess raw reads to trim and remove adapter sequences and
generate high-quality reads that were mapped to the human genome assembly hg18 (https:
/ /www.ncbinlm.nih.gov/assembly /GCF_000001405.12/, accessed on 27 December 2021),
miRBase v22.1 (https://www.mirbase.org/, accessed on 5 January 2022) and piRBase v2
(http:/ /bigdata.ibp.ac.cn/piRBase/, accessed 12 January 2022). Aligned reads were clas-
sified according Ensembl data annotations (https://www.ensembl.org/info/genome/
genebuild /biotypes.html, accessed on 22 January 2022). Adapters were removed using
cutadapt software (v1.12) (parameters—trim-n-n5-m14), mapped to the genome assemble
hg18 with bowtie software (v0.12.9) (mapping parameters-n 0) and counted the num-
ber of reads with featureCounts (v1.5.0) (parameters-g transcript_id-t miRNA-Q 10-a
hsa.mature.gtf) using the annotations mentioned above. We next used specialized soft-
ware package edgeR (version Galaxy 3.34.0) to analyze the differential expression of miR-
NAs [16].

2.10. Reverse Transcription and Quantitative Real-Time PCR

Stem-loop RT-PCR for miRNA quantification was performed according to the method
described by Chen et al. [17]. All UA-exo miRNA samples were diluted to equal concentra-
tions, and 4 ng of exosomal miRNA was reverse-transcribed using a TagMan™ MicroRNA
Reverse Transcription Kit (#4366596, Applied Biosystems, Vilnius, Lithuania) with 1 pmol
of miRNA-specific stem-loop RT primers. A minus reverse transcriptase control was
performed for each sample to assess the DNA contamination. Reverse transcription prod-
ucts were two-times diluted with nuclease-free water prior to the RT-qPCR performance.
Primers for specific miRNAs were designed using miRBase v22.1 and synthesized by “DNA
synthesis” (Moscow, Russia) (sequences are shown in Supplementary Materials Table S1).
The amplification efficiencies were tested using serial dilutions of cDNA, obtained from the
reverse transcription reaction of corresponding synthesized miRNAs. The PCR parameters
were set to accomplish an efficiency between 95% and 105% for all primer sets. To vali-
date the RNA-sequencing data, we conducted a qPCR analysis of miR-199a-3p, miR-451a,
miR-375-3p, let-7b-5p, miR-16-5p and miR-23a-3p.

RT-qPCR was performed by CFX96 Real-Time PCR Systems (Bio-Rad) using TagMan™
Universal MasterMix II (#4440038, Applied Biosystems) with 20 pmol of forward primers,
10 pmol of universal reverse primer and 6 pmol of TagMan™ miRNA-specific probes in a
20-pL reaction. The cycling conditions were as follows: 50 °C for 2 min, 95 °C for 10 min,
followed by 50 cycles of 95 °C for 15s and Tm for 1 min. The melting temperatures (Tm)
were 59 °C for miR-199a, miR-16 and let-7b; 58 °C for miR-375; 54 °C for miR-451a and
60 °C for miR-23a. The reactions were performed in triplicate, and results with a standard
deviation value < 0.37 were accepted. Bio-Rad CFX Manager software v.3.1 was used
for data analysis and threshold cycle (Ct) value calculations. miRNA expression data
were normalized to miR-23a. Fold changes (FC) were determined using the AACt method,
where ACt = Ct{miRNA) — Ct(miR-23a) and AAC(t) = ACt(sample) — average ACt(control)
and FC = 274ACt,

2.11. Statistical Analysis

A modified version of Fisher’s exact test was used to evaluate the statistical signifi-
cance of differential miRNA expression [16]. Based on NTA-measured particle size and
concentration, values of the mean, mode, percentile data (10th and 90th), standard devia-
tion and confidence interval were calculated using Wolfram Mathematica software. The
Student’s t-test and analysis of variance (ANOVA) were used for the comparison of groups.
The Benjamini—-Hochberg method was used to control the expected proportion of false
hypothesis rejections (FDR), and the obtained value was used to assess the significance of
the result. p-values lower than 0.05 were considered statistically significant. For statistical
analysis, we used specialized software package edgeR (version Galaxy 3.34.0), statistical
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software package GraphPad Prism ver. 8.0.0 package for Windows and the engineering—
mathematical package Wolfram Mathematica ver. 11. The package MS Excel 2016 for
Windows was used for plotting graphs.

3. Results
3.1. Characterization of EVs from Uterine Aspirates

EV preparations were obtained from uterine aspirates and uterine flushes collected
from EOC patients and individuals without a history of cancer. EVs were isolated using the
ultracentrifugation-based method. The size and concentration of the EVs were analyzed by
Nanoparticles Tracking Analysis (Figure 1A,B). EVs’ size and morphology were studied by
transmission electron microscopy (Figure 1C).



Cells 2022, 11, 1064

7 of 19

A 14
1.2
EOC UF
o
£ on
2, 2
£ S 01
§ :
o s 0.08
< 3
£ os N 006
© <
Q S 004
N x
— t 002
< (=}
o 06 S
— S 0
x
= O P P O P O ® P
S 04 / Size, nm
o

0.2

0

O 0 @ g0 A® 0 0 90 00 O (O O @O 90 O o GO @ 1O O O

Size, nm
—— Normal UA —— EOCUA EOC UF
Normal UA EOC UA EOC UF
Combined Confidence Combined Confidence Combined Confidence
mean interval (p=99%) mean interval (p=99%) mean interval (p=99%)
Mean size, nm 125 9 10 126 4 6 103 5 13
Mode, nm 76 5 7 85 4 7 69 3 12
Conc. x 10M2

particles/mL. 15.03 1.24 2.05 13.91 1.12 2.84 1.04 0.13 0.1
B Mean, nm Mode, nm Median, nm 10th percentile, nm 90th percentile, nm
Value SD Value SD Value SD Value SD Value SD
129 7 93 16 113 8 55 4 220 11

c Normal UA

Normal UF
| M b
’id v ;
B

°

W =T e

Figure 1. Analysis of the EV size and morphology. (A) NTA data for evaluation of the EV size
distribution and concentration. Examples of the analysis of EVs isolated from a uterine aspirate of an
ovarian cancer patient (EOC UA), a uterine aspirate of a healthy donor (Normal UA) and a uterine
flush of an ovarian cancer patient (EOC UF). (B) Mean values for the EV size, median and mode over
the entire sampling. (C) TEM analysis of the EV morphology. Examples of EVs isolated from: uterine
aspirates from two healthy donors (Normal UA), uterine aspirate from two EOC patients (EOC UA),
uterine flush from an EOC patient (EOC UF) and uterine flush from a healthy donor (Normal UF).
The scale bars correspond to 500 nm (upper row) and 200 nm (bottom row).

Images of nanoparticles corresponding to exosomes (“cup-shaped” morphology typi-
cal for exosome sizes) were obtained with TEM for all preparations. Surprisingly, the total
amount of EVs extracted from UF was essentially lower than that from UA in all cases (see
Figure 1A,C). We did not conduct the precise comparison of concentration of EVs isolated
from UA and UF, as both fluids cannot be collected from the same patient, and such a task
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would therefore require an additional study using two independent samplings. However,
our observation is that the UA contain higher amounts of EVs, probably due to the fact
that most of the EVs are contained in the mucus component and are not washed out by
the saline. Therefore, for further research, we used UA specimens (N = 10), including five
specimens obtained from patients with a high-grade serous subtype of epithelial ovarian
cancer (the clinical characteristics are summarized in Table 1) and five specimens from
individuals without a history of cancer (healthy individuals).

The mean size of the particles according to the NTA data varied from 97 to 135 nm, with
amode from 67 to 115 nm in different individual EV preparations. The mean size of the EVs
and median over the entire sampling of the preparations were 129.5 nm (SD 7.0) and 113.5
(SD 8.4), respectively (Figure 1B). The EV concentration in the preparations varied from 101
to 10'3 particles per mL (the average EV concentration in UA was 5.60 x 10'2 particles/mL).
The mean size of the EVs, as well as their concentration in preparations obtained from EOC
patients and healthy individuals, had no significant differences (Student’s t-test, p > 0.05).

To confirm the exosomal nature of the vesicles, we further analyzed exosomal markers
in EV preparations by Western blotting. For this task, proteins belonging to different
functional classes and with different intracellular compartmentalizations were selected
in accordance with ISEV recommendations [9]. The results of the analysis of exosomal
markers, including TSG-101 and Alix (components of different subunits of the ESCRT
complexes) and tetraspanin CD9, as well as Flotillin-2 and Caveolin-1 (components of
flat lipid rafts and caveolae), are shown in Figure 2. The PCNA protein was chosen as a
negative control (control for the presence of non-exosomal proteins in EV preparations).
The lysate of the ovarian cancer cells EFO-21 was used for the comparison of protein levels
in the EVs and cells. All proteins were analyzed in a single experiment, making it possible
to compare the ratio of the studied exosomal markers in different EV preparations.

T1 T2 N1 T3 T4 N2 N3 ctrl T5 N4 N5

Alix L eep— ﬁ—

FIOillin-2 | sese— — DD —— | | el

CDY | s e e e Sl | | o

TSG-101 | = === ‘“-—. m

Caveolin-1 |~ ‘~~~‘~ i | | m—

PCNA q

Figure 2. Western blot analysis of exosomal markers TSG-101, Alix, CD9, Flotillin-2 and Caveolin-1
in EVs from the UA of EOC patients (T1-T5) and healthy donors (N1-N5). The PCNA protein was
used to confirm the absence of cellular proteins of non-vesicular origin in EV preparations. Protein

lysate of EFO-21 cells (ctrl.) was used as a molecular weight control and to compare levels of proteins
in cells and EVs.

The results showed that the EVs are enriched in all exosomal markers, except for Alix,
the level of which varied considerably in different EV preparations and was undetectable
in some cases. No differences were found in the content of the exosomal markers between
EVs obtained from healthy subjects and EOC patients.
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3.2. Characterization of Small RNAs Obtained from EV's Isolated from Uterine Aspirates

The obtained and characterized EV samples were further used to analyze the composi-
tion of small RNAs. RNA was isolated using the Total Exosome RNA & Protein Isolation
Kit (#4478545; Invitrogen). The small RNA content and size distribution were analyzed by
capillary microelectrophoresis using the Small RNA kit for 2100 Bioanalyzer Instrument
(Agilent Technologies). The results showed a wide size spectrum of small RNAs, including
a peak of about 23 nucleotides corresponding to miRNAs (Figure 3A). The ratio of RNA of
different sizes varied significantly between EV samples.

A

Total small ncRNA
20% 0.17%
0.84% N TR
1.46%

4.39%
22% \

18%

m25.28%

m61.51%
2%

38% = piRNA = miRNA misc_RNA SIRNA
lincRNA = mRNA = rRNA - small RNA= pseudogene = snRNA = sSnoRNA = scaRNA = vault RNA

Figure 3. Characteristics of small RNAs present in EVs isolated from UA. Agilent Bioanalyzer profiles
of the small RNA. Size distribution and perczentage of the miRNA. (A) Examples of small RNA
analysis for 4 EV preparations ((a,b)—from EOC and (c,d)—from normal UA samples), illustrating
relatively high and low contents of molecules corresponding to the sizes of miRNAs. (B) RNA content
of the EVs according to small RNA-seq data. The mean share percentage for different RNA types
is presented.

Next, we analyzed the composition of small RNA in EVs using NGS small RNA-seq.
The results of the analysis using the corresponding databases (described in Section 2.9
Bioinformatics) confirmed the presence of various RNA species, including regulatory RNAs,
such as snRNA, snoRNA, piRNA, vault RNA, siRNA and scRNA, as well as short fragments
originating from protein coding and structural RNAs, such as rRNA, mRNA, IncRNAs,
various pseudogenes and intergenic repeats, etc. The ratio of different RNA classes varied
markedly in different EV preparations. The mean share percentage of different RNA types
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is shown in Figure 3B. The proportion of miRNA in the small RNA transcriptome ranged
from 1.10% to 7.50% in different individual EV samples, averaging 4.95%.

3.3. Comparison of EV miRNAs Content in UA from EOC Patients and Healthy Individuals

Profiling of the miRNAs revealed more than 700 individual miRNAs presented in
EVs from the UA. The most abundant miRNAs are shown in Figure 4A. Comparison
of the miRNA content in EVs from cancer patients and healthy individuals revealed
57 differentially expressed miRNAs (FDR-adjusted p < 0.05), including 30 downregulated
and 26 upregulated. The MDS plot (multidimensional scaling plot) shows variations among
the miRNA difference expressions shown in Figure 4B.
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Figure 4. Analysis of miRNAs in EVs isolated from the UA of EOC patients and healthy individuals.
(A) The 30 most abundant miRNAs among UA exosomal small RNAs (normalized CPM mappable
miRNAs). (B) MDS plot (multidimensional scaling plot) shows variations among miRNA differential
expression in the analyzed samples, and the distance between sample labels indicates a dissimilarity.
X- and Y-axes are representative of the Euclidean distances between samples, with the x-axis being
dim1 and y-axis being dim2 (logFC); T—EOC samples and N—normal samples. (C) Relative expres-
sion of miR451a, miR199a-3p and miR375-3p in EVs of EOC patients and healthy individuals from
RT-qPCR data. Gene expression data were normalized to miR-23a. Fold changes were calculated as
2785t where ACt = Ct(miRNA) — Ct(miR-23a) and AAC(t) = ACt(sample) — average ACt(control).
Statistical significance: * p-value < 0.05.

Using additional criteria beyond validity (FDR-adjusted p < 0.05), such as a high de-
gree of difference (fold change > four) and high level of representation in EVs (logCPM > 9),
we selected 29 differentially expressed miRNAs, including 18 upregulated and 11 down-
regulated miRNAs in EVs of EOC patients compared to healthy donors (Table 2). The
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list of upregulated miRNAs in a sequence of absolute fold change includes: miR-1246,
miR-200b-5p, miR-375-3p, miR-320a-3p, miR-183-5p, miR-320b, miR-200c-3p, miR-224-5p,
miR-125a-5p, miR-320c, miR-182-5p, miR-200b-3p, miR-9-5p, miR-125b-5p, let-7b-5p, miR-
429, miR-10a-5p and miR-141-3p. The list of downregulated miRNAs in the sequence of ab-
solute fold change includes: miR-451a, miR-542-3p, miR-424-5p, miR-450b-5p, miR-449c-5p,
miR-411-5p, miR-19b-3p, miR-196b-5p, miR-143-3p, miR-23b-3p and miR-199a-3p. Notably,
among the differently expressed miRNAs were known cancer-associated molecules, such
as members of the miR-200 family, including miR-200c, miR-200b, miR-141 and miR-429,
and some others.

Table 2. Selected miRNAs differently expressed in EVs from the UA of EOC patients and healthy

individuals. Criteria for selection: FC > 4, FDR-adjusted p < 0.05, logCPM > 9.

Gene ID logFC logCPM F p Value FDR Fold
hsa-miR-451a —4.2758589 12.4477224 36.9140415 1.29 x 107 3.42 x 10~° 0.052
hsa-miR-542-3p —3.6525866 9.5709767 23.3039465 0.0000014 0.001709212 0.080
hsa-miR-1246 3.8004008 9.0879369 22.5883317 0.0000024 0.001709212 13.933
hsa-miR-375-3p 3.2136512 11.7583475 22.0561752 0.0000027 0.001709212 9.277
hsa-miR-125a-5p 2.9175311 13.6969615 21.0651975 0.0000045 0.001709212 7.556
hsa-miR-320b 2.9883874 12.9093771 20.9288553 0.0000048 0.001709212 7.936
hsa-miR-200c-3p 2.9497286 13.1576673 20.7891165 0.0000052 0.001709212 7.726
hsa-miR-424-5p —3.2575984 10.0135020 20.1278828 0.0000073 0.002145565 0.105
hsa-miR-200b-5p 3.3101791 9.7988733 18.3239500 0.0000187 0.004512432 9.919
hsa-miR-183-5p 3.0544179 9.9486138 17.8818248 0.0000238 0.005116818 8.308
hsa-miR-200b-3p 2.5691068 14.7872804 177661256 0.0000251 0.005116818 5.934
hsa-miR-320c 2.8136239 11.4890222 17.2009005 0.0000338 0.005592499 7.030
hsa-miR-224-5p 2.9448739 10.2072139 17.1046125 0.0000358 0.005592499 7.700
hsa-miR-450b-5p —3.0021235 9.3416476 16.4403970 0.0000508 0.006731828 0.125
hsa-miR-320a-3p 3.0742866 9.1541706 16.2224191 0.0000565 0.006813182 8.423
hsa-let-7b-5p 2.3190987 14.6406996 14.6399033 0.0001311 0.012859111 4.990
hsa-miR-125b-5p 2.3615198 13.7812621 14.4991659 0.0001406 0.012859111 5.139
hsa-miR-182-5p 2.5967790 10.9627996 14.4123220 0.0001484 0.01311557 6.049
hsa-miR-143-3p —2.1783923 15.8799851 13.8648943 0.0001978 0.01604251 0.221
hsa-miR-T196b-5p —2.4547336 11.9317925 13.8508279 0.0001996 0.01604251 0.182
hsa-miR-449¢-5p —2.7414632 9.7370987 13.1831605 0.0002831 0.020700409 0.150
hsa-miR-9-5p 2.5062128 10.4029623 13.0367742 0.0003083 0.020962645 5.681
hsa-miR-19b-3p —2.6217121 9.0047643 12.4768255 0.0004129 0.026072094 0.162
hsa-miR-411-5p —2.7085572 9.3188322 12.2746304 0.0004601 0.028203095 0.153
hsa-miR-10a-5p 2.0485626 14.9248514 11.8254458 0.0005854 0.033030914 4.137
hsa-miR-141-3p 1.9032256 9.1714047 10.9735792 0.0067931 0.040527411 3.740
hsa-miR-429 2.0748839 9.8455066 10.4926311 0.0006894 0.041667954 4213
hsa-miR-23b-3p —2.0119478 14.1412192 10.3749023 0.0009300 0.046277078 0.248
hsa-miR-199a-3p —2.0198928 14.8878751 9.9660032 0.001T188 0.049553691 0.247

LogFC—logarithm of the relative change in miRNA expression, logCPM—Ilogarithm of the number of miRNA
reads per million, F—Fisher’s statistical significance test value, p-value—initial significance level value with
probability p, FDR—p-value corrected (using Benjamini-Hochberg method) to account for false detection results,
FC (fold change)—recalculated change in miRNA expression in folds. An increase (FC > 1, highlighted in red) and
a decrease (FC < 1, highlighted in green) in the miRNA levels in EOC patients compared to healthy individuals
are shown.

To verify the NGS data, we next performed a selective comparison of the levels of
several individual miRNAs from among those differentially expressed in EVs by using
stem-loop RT-qPCR.

For this task, we chose miRNAs from among the most and least differently expressed
in the comparison groups, according to the NGS data. miR451a and miR199a-3p were
chosen from the list of downregulated and miR375-3p from the upregulated molecules.

Based on the NGS results, we did not find known reference molecules to normalize the
RT-gPCR data, i.e., those that would fully meet the criteria for miRNA normalization. For
example, miR16-5p and let-7b-5p, often used for such purpose, were expressed differently
in different EV samples according to both small-RNA-seq and RT-qPCR (Supplementary
Materials Table S2). One of the most equally expressed miRNAs according to the sequencing
and RT-qPCR data was miR23a-3p, which we chose as the reference for the assessment of
miR451a, miR199a-3p and miR375-3p expression using the ACt parameter. The differences
between the studied miRNA levels in the compared groups (fold change) was calculated
using the AACt method. As shown in Figure 4C, miR451a and miR199a were 2.94- and
7.89-fold decreased, respectively, while miR375-3p was 3.05-fold increased in EVs from
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EOC patients compared to the control group (p < 0.05). Thus, the RI-qPCR data are
consistent with the results of deep sequencing and confirmed significant differences in the
miRNA expression profiles in EVs from uterine aspirates from EOC patients and healthy
individuals.

4. Discussion

There are several reasons for the great interest in EVs, especially exosomes, in terms of
cancer markers. First, molecular markers within EVs appear to be more informative than
tissue markers with regards to the search for cancer markers [18]. Since a tumor is a hetero-
geneous population containing cells at different stages of EMT and progression in general,
the molecular composition of biopsy specimens may be fragmentary, i.e., correspond only
to a part of the tumor cell population. At the same time, EVs found in body fluids are
produced by all tumor cells, as well as by tumor-associated stromal cells and can thus more
fully reflect tumor-associated disturbances, including epigenetic changes and signaling
pathway alterations. Compared with liquid cancer biopsy markers—in particular, cell-free
nucleic acids—EV molecules also have several advantages, such as: (i) high stability due to
the surrounding bilayer lipid membrane [19], (ii) enrichment with molecules, particularly
RNA and miRNA, compared to non-vesicular fractions of the same body fluids [20,21] and
even compared to parental cells [22] and (iii) high specificity, since the cell-free molecules
detected in circulation may reflect cell damage or death, whereas EV cargo molecules are
the result of precise selection and targeted loading [23,24].

Regarding RNA, numerous data indicate that cells destine specific molecules for
extracellular release within EVs. For instance, certain miRINAs have been shown to be
preferentially exported and enriched in EVs [25]. This is also confirmed by differences
in the composition of miRNAs between different populations of EVs produced by the
same cells [26,27], as well as by differences between the miRNA profiles of cells and
the vesicles they secrete [22,25,28]. For miRNAs, there are four putative mechanisms
for loading into EVs, including the ceramide-dependent pathway, also known as the
neutral sphingomyelinase 2 (nSMase2)-dependent pathway [29-31], the ribonucleoprotein
(hnRNP)-dependent pathway requiring the involvement of EXO motifs in miRNAs and the
sumoylation of heterogeneous nuclear ribonucleoprotein A2B1 (hnRNPA2B1) [32,33], the
3’-end miRNA sequence-dependent mechanism [34,35] and the miRNA-induced silencing
complex (miRISC)-related pathway [36-38].

Since the discovery that exosomes are involved in the transport of extracellular
RNAs [39,40], there has been ample evidence that exosomal miRNAs may be a very
promising source of disease biomarkers, including cancer markers [41]. At the same time,
progress in this direction is rather slow, which can be explained by a number of reasons.
One of them is the extremely high natural heterogeneity of EVs, including various types
of vesicles (microvesicles, exosomes, apoptotic corpuscles, etc.), which cannot always be
clearly distinguished by size, density, morphology and other physical characteristics [21,42].
Furthermore, a great diversity in molecular composition is shown even for EVs with similar
physical characteristics and originating from the same cells [43-45].

Another reason for the heterogeneity of data on the molecular composition of EVs in
general and their miRNA content in particular is the wide variety of techniques used in
different studies for isolating and analyzing both the EVs themselves and their molecular
compositions [46]. Such a variety of methodological approaches causes a great deal of
inconsistency in the results and severely limits the research on EVs in general. In the context
of EV cancer markers, another major problem is the lack of hitherto generally accepted
criteria and methods for isolating EVs of tumor origin. This problem is further complicated
by the fact that the vast majority of studies use blood (plasma or serum), less often urine,
as the source of EVs. An obvious advantage of such body fluids is the simplicity and
safety of sampling, as well as the relatively large sample volume. However, blood as a
source of EVs has a number of limitations. First of all, the major producers of EVs in the
circulation are blood cells and immune cells, as well as vascular endothelial cells and a
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number of other epithelial cells [19]. Only a very small proportion of vesicles in the total
pool of EVs in the blood is of tumor origin (probably less than 1%) [4,5]. In addition, a large
number of ribonucleoprotein complexes and lipoproteins (including HDL and LDL) with
similar physical characteristics to exosomes are present in blood, which almost inevitably
contaminate the EV preparations with proteins and RNAs of non-vesicular origin [42].

In view of the above, more promising sources of EVs for the search of cancer markers
seem to be “local” fluids formed in the areas of primary tumor growth, because the
percentage of EVs of tumor origin in such fluids should be significantly higher. These body
fluids include ascitic, pleural, peritoneal and some other fluids [47-50]. However, they are
formed due to pathological processes (such as cancer and inflammatory diseases) and have
no counterpart in healthy individuals. For this reason, they appear to be a useful source
of EV markers for tumor staging, prognosis assessment and prediction of the response to
therapy but are unlikely to be a suitable source of diagnostic markers, especially for early
cancer detection.

Uterine aspirates appear to be a promising source of EVs for the search for diagnostic
markers of gynecological cancers because, on the one hand, they should contain a high
proportion of EVs produced by epithelial cells of the female reproductive tract and, on
the other hand, can be obtained from both cancer patients and healthy individuals. To
our surprise, to date, there have been only a handful of papers analyzing the composition
of EVs from human uterine fluid, all of which have not been related to cancer research.
In 2016, Campoy et al. first showed the principle possibility of isolating exosomes from
uterine aspirates [6]. However, for RNA isolation from EVs and subsequent analysis by
RT-qPCR, the authors pooled preparations from different individuals, which was probably
due to the small volume of individual samples and insufficient amount of EVs for RNA
isolation and further analysis. In an earlier study, the presence of EVs in uterine lavages
was also shown, however, the vesicles were not fully evaluated, according to the ISEV
guidelines, which were defined later [51]. Several later published studies have used flushes
from the uterine cavity as a similar source of exosomes [7,8]. Remarkably, when comparing
the mucous and the liquid fractions of uterine flushes, as well as the cervical brush-derived
material, it was found that the liquid fraction of uterine flushing was enriched in EVs,
exosomal proteins and small RNAs [7].

Here, we first conducted the isolation of EVs from uterine aspirates from cancer
patients and healthy subjects and compared the miRNA profiles in the obtained EV prepa-
rations. The choice of EOC as a type of gynecological cancer was determined due to
several reasons. First, ovarian cancer is still the leading cause of cancer deaths in women
worldwide, with the majority of cases being diagnosed at stages III to IV, which largely
determines the high mortality rate from this disease—the second highest mortality among
gynecological cancers worldwide [52,53]. The search for markers for the early diagnosis
of OC is therefore an extremely urgent task. The first evidence is emerging that exosomal
miRNAs can serve as such markers [54]. Secondly, there is now increasing evidence that
clinical material from the uterine cavity can be a source of OC markers. The presence
of tubo-ovarian cancer cells in the uterine cavity and cervical canal was first shown as
early as 1985 [55]. In later published works, cells of peritoneal carcinoma, fallopian tube
cancer and OC of various histological forms were found in uterine flushings and cervical
smears [10]. The results of whole-exome sequencing revealed the presence of mutations
associated with OC in DNA samples from the Papanicolaou test. The authors found tumor
cells in 100% of the clinical samples for endometrial cancer and 41% for OC [13]. Genomic
alterations characteristic of OC were also found in lavages of the uterine cavity in 80% of
OC patients [12]. In 2018, Wang et al. reported the detection of endometrial and ovarian
cancers based on genetic changes in DNA extracted from uterine and cervical fluids [11].

It is also important to emphasize the safety of sampling from the uterine cavity and
cervical canal, which allows a noninvasive biopsy to be performed at routine preventive
testing, including among women at risk of gynecological cancer. Thus, given the detection
of cell morphologically and genetically corresponding to OC in the uterine cavity, along
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with the increased production of EVs by malignant cells compared to normal cells [56], it
can be assumed that uterine aspirates from OC patients will be enriched in EVs originating
from tumor cells. In this case, the molecular composition of EVs, including the small RNA
content, in the UA of OC patients and healthy subjects will differ, and these differences
could be further used to develop OC markers.

To test this hypothesis, we compared miRNA profiles in EVs obtained from UA from
EOC patients and healthy donors. The results obtained using a small pilot sample showed
significant differences in the expression of more than 50 miRNAs. Using more stringent
criteria, including a marked difference in miRNA expression (FC > 4) and high level of
representation in the EVs (LogCPM > 9), we revealed 29 differentially expressed RNAs,
including 18 upregulated and 11 downregulated in the RNA patient samples.

Interestingly, among the differentially expressed miRNAs, we found a number of
known cancer-associated molecules. For example, among the miRNAs elevated in the EOC
samples were all members of the miR-200 family, including miR-200b, miR-200c, miR-141,
miR-429 and miR-200a (the latter was not included in the list, as the FC value was less
than 4 (namely 2.8). miR-200 family members are known tumor promotors, regulating
mesenchymal-epithelial transition by targeting E-cadherin [57,58]. The increased expres-
sion of miR-200 family in ovarian cancer has been shown repeatedly in both tissues and
body fluids of patients [59-63]. Moreover, members of the miR-200 family are considered
as promising markers for liquid biopsy of OC, since their increase in blood has been shown
in numerous studies [64]. Kan et al. found that miR-200a, miR-200b and miR-200c are
highly expressed in sera from serous cancer patients compared to healthy controls, with
miR-200c being most significantly different between the two groups [65]. Similarly, the
upregulated levels of miR-200a, miR-200b and miR-200c were detected in the sera of EOC
patients compared to the healthy group [66]. miR-200c and miR-141 were found signifi-
cantly elevated in the EOC patient sera when compared to healthy controls [67]. Increased
miR-200a and miR-141 levels in the plasma from OC patients compared to the healthy
controls has also been confirmed in the study of Zheng et al. [68]. Moreover, the levels of
miR-200a, miR-200b and miR-200c in the circulation correlated with the disease stage and
reflected their enhanced expression in tissues [69]. Elevated levels of the miR-200 family
have also been shown in EVs. Thus, Taylor et al. analyzed miRNA profiles in EpCAM+
exosomes and found increased levels of miR-141, miR-200a, miR-200c, miR-200b, miR-203
and miR-205 in serum from patients with serous papillary adenocarcinoma compared to
patients with benign tumors and healthy individuals [70].

Another miRNA that we found to increase dramatically in EVs from EOC patients
compared to normal controls is miR-1246. miR-1246 is considered as oncomiR for various
cancer types, including OC [71,72]. The diagnostic value of this miRNA has been shown
for various cancer types, with elevated levels being detected in the blood, which is of
additional interest in the context of liquid biopsy diagnosis [73,74], including the diagnosis
of high-grade serous ovarian carcinoma [75]. Increased levels of this miRNA in EVs from
body fluids have also been repeatedly shown for various types of cancer [76-78].

Among the miRNAs decreased in EOC patients, we found several molecules with
known tumor-suppressor activity, such as miR-451a;, miR-199a and some others. Although
the role of miR-451a in tumor progression is not well-defined, changes in its expression
are characteristic of many types of cancer, most of which show downregulation of this
miRNA [79]. Reduced expression of miR-451 has also been shown for EOC. Moreover,
low levels of miR-451 were associated with the advanced FIGO stage, high serum CA-125
levels, LN metastasis and poor prognosis for EOC patients [80]. Comparison of the miRNA
levels in OC and endometriosis samples revealed significantly reduced levels of miR-451
in ovarian tumors [81]. Ji et al. identified four miRNAs, including miR-451, that could be
used to distinguish between OC samples and healthy controls [82]. Notably, several studies
on miRNA profiling in tissues and serum of OC patients found a simultaneous increase in
the miR-200 family and a decrease in miR-451 compared to the controls [83,84].
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Another example of miRNA that has been significantly reduced according to our
results in OC-derived EVs is miR-199a. The tumor suppressive activity of this miRNA for
OC had been shown previously and appears to be related to the suppression of angiogene-
sis [85]. Reduced levels of this miRNA in OC cells and tissues have also been shown in other
studies, and, as with miR-451a, a decrease in miR-199a was detected simultaneously with an
increase in the miR-200 family [86]. Furthermore, the combination of increased expression
of miR-200, miR-141, miR-429, miR-18a and miR-93 and decreased expression of miR-199a
and let-7b has been associated with poor prognosis in serous ovarian carcinoma [87].

In sum, we showed for the first time that EVs, including small EVs, corresponding
to exosomes, can be successfully isolated from individual clinical specimens of uterine
aspirates and can be used to search for diagnostic markers of gynecological cancers. Initial
experiments on exosomal miRNA profiling, performed by small RNA-seq technique using
a pilot set of EOC and control samples revealed a number of differently expressed miR-
NAs, including miRNA molecules previously shown to be associated with ovarian cancer.
Further studies using an expanded sample of uterine aspirates obtained from patients at
different stages of the disease will help to identify exosomal miRNAs as potential markers
of ovarian cancer, including for early diagnosis of EOC.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/cells11071064/s1: Table S1: Sequences of reverse transcription
primers used, and sequences of RT-qPCR primers and TagMan™ probes used. Table S2: Ct values
and standard deviation of hsa-miR-451a, hsa-miR-199a-3p, hsa-miR-375-3p, hsa-miR-23a-3p, hsa-
miR-16-5p and let-7b-5p levels obtained by RT-qPCR in EVs isolated from UA of EOC patients and
healthy individuals.

Author Contributions: Conceptualization, E.M.T.; methodology, EM.T. and S.V.V,; software, A.VK,;
formal analysis, A.V.K,; investigation, G.O.S., AD.E,, N.VE,, D.VB,, S.A.G. and D.A.D,; resources,
KI1.Z., data curation, K.I.Z. and G.O.S.; writing—original draft preparation, EM.T.; writing—review
and editing, EM.T. and G.O.S. All authors have read and agreed to the published version of
the manuscript.

Funding: This work was supported by the Russian Science Foundation (grant number 22-15-00373).

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the N.N. Blokhin National Medical Research Center of
Oncology Ethics Committee (approval date September 2018).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study. Written informed consent has been obtained from the patients to publish this paper.

Data Availability Statement: The data presented in this study are available in the article and Supple-
mentary Materials.

Acknowledgments: We would like to thank User Facilities Center “Electron microscopy in life sci-
ences” of Lomonosov Moscow State University for giving us the opportunity to conduct TEM analysis.

Conflicts of Interest: The authors declare no conflict of interest.

1. Colombo, M.; Raposo, G.; Théry, C. Biogenesis, Secretion, and Intercellular Interactions of Exosomes and Other Extracellular
Vesicles. Annu. Rev. Cell Dev. Biol. 2014, 30, 255-289. [CrossRef] [PubMed]

2. Amintas, S.; Vendrely, V.; Dupin, C.; Buscail, L.; Laurent, C.; Bournet, B.; Merlio, ].-P.; Bedel, A.; Moreau-Gaudry, E; Boutin, J.;
et al. Next-Generation Cancer Biomarkers: Extracellular Vesicle DNA as a Circulating Surrogate of Tumor DNA. Front. Cell Dev.
Biol. 2021, 8, 8. [CrossRef] [PubMed]

3. Abhange, K.; Makler, A.; Wen, Y,; Ramnauth, N.; Mao, W.; Asghar, W.; Wan, Y. Small extracellular vesicles in cancer. Bioact. Mater.
2021, 6, 3705-3743. [CrossRef] [PubMed]

4. Li, Y; He, X,; Li, Q.; Lai, H.; Zhang, H.; Hu, Z,; Li, Y.; Huang, S. EV-origin: Enumerating the tissue-cellular origin of circulating
extracellular vesicles using exLR profile. Comput. Struct. Biotechnol. J. 2020, 18, 2851-2859. [CrossRef]


https://www.mdpi.com/article/10.3390/cells11071064/s1
https://www.mdpi.com/article/10.3390/cells11071064/s1
http://doi.org/10.1146/annurev-cellbio-101512-122326
http://www.ncbi.nlm.nih.gov/pubmed/25288114
http://doi.org/10.3389/fcell.2020.622048
http://www.ncbi.nlm.nih.gov/pubmed/33604335
http://doi.org/10.1016/j.bioactmat.2021.03.015
http://www.ncbi.nlm.nih.gov/pubmed/33898874
http://doi.org/10.1016/j.csbj.2020.10.002

Cells 2022, 11, 1064 16 of 19

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Rikkert, L.G.; Beekman, P.; Caro, J.; Coumans, FE.A.W.; Enciso-Martinez, A.; Jenster, G.; Le Gac, S.; Lee, W.; Van Leeuwen, T.G.;
Loozen, G.B.; et al. Cancer-ID: Toward Identification of Cancer by Tumor-Derived Extracellular Vesicles in Blood. Front. Oncol.
2020, 10, 608. [CrossRef]

Campoy, I.; Lanau, L.; Altadill, T.; Sequeiros, T.; Cabrera, S.; Cubo-Abert, M.; Pérez-Benavente, A.; Garcia, A.; Borros, S.;
Santamaria, A.; et al. Exosome-like vesicles in uterine aspirates: A comparison of ultracentrifugation-based isolation protocols. J.
Transl. Med. 2016, 14, 180. [CrossRef]

Luddi, A.; Zarovni, N.; Maltinti, E.; Governini, L.; De Leo, V.; Cappelli, V.; Quintero, L.; Paccagnini, E.; Loria, F.; Piomboni, P.
Clues to Non-Invasive Implantation Window Monitoring: Isolation and Characterisation of Endometrial Exosomes. Cells 2019, 8,
811. [CrossRef]

Li, T.; Greenblatt, E.M.; Shin, M.E.; Brown, T.J.; Chan, C. Cargo small non-coding RNAs of extracellular vesicles isolated from
uterine fluid associate with endometrial receptivity and implantation success. Fertil. Steril. 2021, 115, 1327-1336. [CrossRef]
Théry, C.; Witwer, KW.; Aikawa, E.; Alcaraz, M.].; Anderson, J.D.; Andriantsitohaina, R.; Antoniou, A.; Arab, T.; Archer, F,;
Atkin-Smith, G.K.; et al. Minimal information for studies of extracellular vesicles 2018 (MISEV2018): A position statement of the
International Society for Extracellular Vesicles and update of the MISEV2014 guidelines. J. Extracell. Vesicles 2018, 7, 1535750.
[CrossRef]

Otsuka, I.; Kameda, S.; Hoshi, K. Early detection of ovarian and fallopian tube cancer by examination of cytological samples from
the endometrial cavity. Br. J. Cancer 2013, 109, 603-609. [CrossRef]

Wang, Y.; Li, L.; Douville, C.; Cohen, ].D.; Yen, T.-T,; Kinde, I.; Sundfelt, K.; Kjeer, S.K.; Hruban, R.H.; Shih, I.-M.; et al. Evaluation
of liquid from the Papanicolaou test and other liquid biopsies for the detection of endometrial and ovarian cancers. Sci. Transl.
Med. 2018, 10, eaap8793. [CrossRef] [PubMed]

Maritschnegg, E.; Wang, Y.; Pecha, N.; Horvat, R.; Van Nieuwenhuysen, E.; Vergote, I.; Heitz, F; Sehouli, J.; Kinde, I.; Diaz, L.A,;
et al. Lavage of the Uterine Cavity for Molecular Detection of Miillerian Duct Carcinomas: A Proof-of-Concept Study. J. Clin.
Oncol. 2015, 33, 4293-4300. [CrossRef] [PubMed]

Kinde, I; Bettegowda, C.; Wang, Y.; Wu, J.; Agrawal, N.; Shih, I.-M.; Kurman, R.; Dao, F; Levine, D.A.; Giuntoli, R.; et al.
Evaluation of DNA from the Papanicolaou Test to Detect Ovarian and Endometrial Cancers. Sci. Transl. Med. 2013, 5, 167ra4.
[CrossRef] [PubMed]

Thery, C.; Clayton, A.; Amigorena, S.; Raposo, G. Isolation and characterization of exosomes from cell culture supernatants and
biological fluids. In Current Protocols in Cell Biology; John Wiley & Sons, Inc.: Hoboken, NJ, USA, 2006.

Skryabin, G.O.; Komelkov, A.V.; Galetsky, S.A.; Bagrov, D.V.; Evtushenko, E.G.; Nikishin, LI.; Zhordaniia, K.I.; Savelyeva, E.E.;
Akselrod, M.E.; Palanidi, I.G.; et al. Stomatin is highly expressed in exosomes of different origin and is a promising candidate as
an exosomal marker. J. Cell. Biochem. 2021, 122, 100-115. [CrossRef] [PubMed]

Robinson, M.D.; McCarthy, D.J.; Smyth, G.K. EdgeR: A Bioconductor package for differential expression analysis of digital gene
expression data. Bioinformatics 2010, 26, 139-140. [CrossRef] [PubMed]

Chen, C; Ridzon, D.A.; Broomer, A.].; Zhou, Z.; Lee, D.H.; Nguyen, J.T.; Barbisin, M.; Xu, N.L.; Mahuvakar, V.R.; Andersen, M.R,;
et al. Real-time quantification of microRNAs by stem-loop RT-PCR. Nucleic Acids Res. 2005, 33, €179. [CrossRef]

Tamura, T.; Yoshioka, Y.; Sakamoto, S.; Ichikawa, T.; Ochiya, T. Extracellular vesicles as a promising biomarker resource in liquid
biopsy for cancer. Extracell. Vesicles Circ. Nucleic Acids 2021, 2, 148-174. [CrossRef]

Alberro, A.; Iparraguirre, L.; Fernandes, A.; Otaegui, D. Extracellular Vesicles in Blood: Sources, Effects, and Applications. Int. J.
Mol. Sci. 2021, 22, 8163. [CrossRef]

Cheng, L.; Sharples, R.A ; Scicluna, B.J.; Hill, A.F. Exosomes provide a protective and enriched source of miRNA for biomarker
profiling compared to intracellular and cell-free blood. J. Extracell. Vesicles 2014, 3, 23743. [CrossRef]

Jeppesen, D.K,; Fenix, A.M.; Franklin, ].L.; Higginbotham, ].N.; Zhang, Q.; Zimmerman, L.J.; Liebler, D.C.; Ping, J.; Liu, Q.; Evans,
R.; et al. Reassessment of Exosome Composition. Cell 2019, 177, 428-445.e18. [CrossRef]

Nolte’T Hoen, E.N.M.; Buermans, H.PJ.; Waasdorp, M.; Stoorvogel, W.; Wauben, M.H.M.; 't Hoen, P.A.C. Deep sequencing of
RNA from immune cell-derived vesicles uncovers the selective incorporation of small non-coding RNA biotypes with potential
regulatory functions. Nucleic Acids Res. 2012, 40, 9272-9285. [CrossRef] [PubMed]

O’Brien, J.; Hayder, H.; Zayed, Y.; Peng, C. Overview of MicroRNA Biogenesis, Mechanisms of Actions, and Circulation. Front.
Endocrinol. 2018, 9, 402. [CrossRef] [PubMed]

Wei, H.; Chen, Q.; Lin, L.; Sha, C.; Li, T.; Liu, Y; Yin, X.; Xu, Y.; Chen, L.; Gao, W.,; et al. Regulation of exosome production and
cargo sorting. Int. J. Biol. Sci. 2021, 17, 163-177. [CrossRef] [PubMed]

Guduric-Fuchs, J.; O’Connor, A.; Camp, B.; O’'Neill, C.L.; Medina, R.J.; A Simpson, D. Selective extracellular vesicle-mediated
export of an overlapping set of microRNAs from multiple cell types. BMC Genom. 2012, 13, 357. [CrossRef]

Lunavat, T.R.; Cheng, L.; Kim, D.-K.; Bhadury, J.; Jang, S.C.; Lasser, C.; Sharples, R.A.; Lopez, M.D.; Nilsson, J.; Gho, Y.S.; et al.
Small RNA deep sequencing discriminates subsets of extracellular vesicles released by melanoma cells-Evidence of unique
microRNA cargos. RNA Biol. 2015, 12, 810-823. [CrossRef]

Palma, J.; Yaddanapudi, S.C.; Pigati, L.; Havens, M.A ; Jeong, S.; Weiner, G.A.; Weimer, KM.E.; Stern, B.; Hastings, M.L.; Duelli,
D.M. MicroRNAs are exported from malignant cells in customized particles. Nucleic Acids Res. 2012, 40, 9125-9138. [CrossRef]
Taylor, D.D.; Gercel-Taylor, C. The origin, function, and diagnostic potential of RNA within extracellular vesicles present in
human biological fluids. Front. Genet. 2013, 4, 142. [CrossRef]


http://doi.org/10.3389/fonc.2020.00608
http://doi.org/10.1186/s12967-016-0935-4
http://doi.org/10.3390/cells8080811
http://doi.org/10.1016/j.fertnstert.2020.10.046
http://doi.org/10.1080/20013078.2018.1535750
http://doi.org/10.1038/bjc.2013.402
http://doi.org/10.1126/scitranslmed.aap8793
http://www.ncbi.nlm.nih.gov/pubmed/29563323
http://doi.org/10.1200/JCO.2015.61.3083
http://www.ncbi.nlm.nih.gov/pubmed/26552420
http://doi.org/10.1126/scitranslmed.3004952
http://www.ncbi.nlm.nih.gov/pubmed/23303603
http://doi.org/10.1002/jcb.29834
http://www.ncbi.nlm.nih.gov/pubmed/32951259
http://doi.org/10.1093/bioinformatics/btp616
http://www.ncbi.nlm.nih.gov/pubmed/19910308
http://doi.org/10.1093/nar/gni178
http://doi.org/10.20517/evcna.2021.06
http://doi.org/10.3390/ijms22158163
http://doi.org/10.3402/jev.v3.23743
http://doi.org/10.1016/j.cell.2019.02.029
http://doi.org/10.1093/nar/gks658
http://www.ncbi.nlm.nih.gov/pubmed/22821563
http://doi.org/10.3389/fendo.2018.00402
http://www.ncbi.nlm.nih.gov/pubmed/30123182
http://doi.org/10.7150/ijbs.53671
http://www.ncbi.nlm.nih.gov/pubmed/33390841
http://doi.org/10.1186/1471-2164-13-357
http://doi.org/10.1080/15476286.2015.1056975
http://doi.org/10.1093/nar/gks656
http://doi.org/10.3389/fgene.2013.00142

Cells 2022, 11, 1064 17 of 19

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Trajkovic, K.; Hsu, C.; Chiantia, S.; Rajendran, L.; Wenzel, D.; Wieland, F,; Schwille, P.; Briigger, B.; Simons, M. Ceramide Triggers
Budding of Exosome Vesicles into Multivesicular Endosomes. Science 2008, 319, 1244-1247. [CrossRef]

Kosaka, N.; Iguchi, H.; Yoshioka, Y.; Takeshita, F.; Matsuki, Y.; Ochiya, T. Secretory mechanisms and intercellular transfer of
MicroRNAs in living cells. . Biol. Chem. 2010, 285, 17442-17452. [CrossRef]

Kosaka, N.; Iguchi, H.; Hagiwara, K.; Yoshioka, Y.; Takeshita, F.; Ochiya, T. Neutral Sphingomyelinase 2 (nSMase2)-dependent
Exosomal Transfer of Angiogenic MicroRNAs Regulate Cancer Cell Metastasis. J. Biol. Chem. 2013, 288, 10849-10859. [CrossRef]
Villarroya-Beltri, C.; Gutierrez-Vazquez, C.; Sanchez-Cabo, F; Pérez-Hernandez, D.; Vazquez, ].; Martin-Cofreces, N.; Martinez-
Herrera, D.J.; Pascual-Montano, A.; Mittelbrunn, M.; Sanchez-Madrid, F. Sumoylated hnRNPA2B1 controls the sorting of miRNAs
into exosomes through binding to specific motifs. Nat. Commun. 2013, 4, 2980. [CrossRef] [PubMed]

Kim, K.M.; Abdelmohsen, K.; Mustapic, M.; Kapogiannis, D.; Gorospe, M. RNA in Extracellular Vesicles. Wiley Interdiscip. Rev.
RNA 2017, 8, €1413. [CrossRef] [PubMed]

Koppers-Lalic, D.; Hackenberg, M.; Bijnsdorp, I.V.; van Eijndhoven, M.A.; Sadek, P; Sie, D.; Zini, N.; Middeldorp, J.; Ylstra, B.; de
Menezes, R.X; et al. Nontemplated Nucleotide Additions Distinguish the Small RNA Composition in Cells from Exosomes. Cell
Rep. 2014, 8, 1649-1658. [CrossRef] [PubMed]

Zhang, ].; Li, S.; Li, L.; Li, M.; Guo, C.; Yao, J.; Mi, S. Exosome and Exosomal MicroRNA: Trafficking, Sorting, and Function.
Genom. Proteom. Bioinform. 2015, 13, 17-24. [CrossRef]

Gibbings, D.J.; Ciaudo, C.; Erhardt, M.; Voinnet, O. Multivesicular bodies associate with components of miRNA effector complexes
and modulate miRNA activity. Nat. Cell Biol. 2009, 11, 1143-1149. [CrossRef]

Frank, F; Sonenberg, N.; Nagar, B. Structural basis for 5'-nucleotide base-specific recognition of guide RNA by human AGO2.
Nature 2010, 465, 818-822. [CrossRef]

Lee, Y.S.; Pressman, S.; Andress, A.P; Kim, K.; White, J.L.; Cassidy, ].J.; Li, X.; Lubell, K.; Lim, D.-H.; Cho, L.S,; et al. Silencing by
small RNAs is linked to endosomal trafficking. Nat. Cell Biol. 2009, 11, 1150-1156. [CrossRef]

Skog, J.; Wiirdinger, T.; Van Rijn, S.; Meijer, D.H.; Gainche, L.; Curry, W.T,, Jr.; Carter, B.S.; Krichevsky, A.M.; Breakefield, X.O.
Glioblastoma microvesicles transport RNA and proteins that promote tumour growth and provide diagnostic biomarkers. Nat.
Cell Biol. 2008, 10, 1470-1476. [CrossRef]

Valadi, H.; Ekstrom, K.; Bossios, A.; Sjostrand, M.; Lee, ].J.; Lotvall, J.O. Exosome-mediated transfer of mRNAs and microRNAs is
a novel mechanism of genetic exchange between cells. Nat. Cell Biol. 2007, 9, 654—-659. [CrossRef]

Nik Mohamed Kama, N.N.S.B.; Shahidan, W.N.S. Non-Exosomal and Exosomal Circulatory MicroRNAs: Which Are More Valid
as Biomarkers? Front. Pharmacol. 2020, 10, 1500. [CrossRef]

Mateescu, B.; Kowal, E.J.K.; Van Balkom, B.W.M.; Bartel, S.; Bhattacharyya, S.N.; Buzas, E.I; Buck, A.H.; de Candia, P.; Chow,
FEW.N; Das, S.; et al. Obstacles and opportunities in the functional analysis of extracellular vesicle RNA—An ISEV position paper.
J. Extracell. Vesicles 2017, 6, 1286095. [CrossRef] [PubMed]

Bobrie, A.; Colombo, M.; Krumeich, S.; Raposo, G.; Théry, C. Diverse subpopulations of vesicles secreted by different intracellular
mechanisms are present in exosome preparations obtained by differential ultracentrifugation. J. Extracell. Vesicles 2012, 1, 18397.
[CrossRef] [PubMed]

Chen, Q.; Takada, R.; Noda, C.; Kobayashi, S.; Takada, S. Different populations of Wnt-containing vesicles are individually
released from polarized epithelial cells. Sci. Rep. 2016, 6, 35562. [CrossRef]

Wang, X.; Wilkinson, R ; Kildey, K.; Ungerer, ].PJ.; Hill, M.M.; Shah, A.K.; Mohamed, A.; Dutt, M.; Molendijk, J.; Healy, H.; et al.
Molecular and functional profiling of apical versus basolateral small extracellular vesicles derived from primary human proximal
tubular epithelial cells under inflammatory conditions. J. Extracell. Vesicles 2021, 10, €12064. [CrossRef] [PubMed]

Van Deun, J.; Mestdagh, P.; Sormunen, R.; Cocquyt, V.; Vermaelen, K.; Vandesompele, J.; Bracke, M.; De Wever, O.; Hendrix, A.
The impact of disparate isolation methods for extracellular vesicles on downstream RNA profiling. J. Extracell. Vesicles 2014, 3,
24858. [CrossRef] [PubMed]

Ohzawa, H.; Kumagai, Y.; Yamaguchi, H.; Miyato, H.; Sakuma, Y.; Horie, H.; Hosoya, Y.; Lefor, A.K,; Sata, N.; Kitayama, J.
Exosomal microRNA in peritoneal fluid as a biomarker of peritoneal metastases from gastric cancer. Ann. Gastroenterol. Surg.
2020, 4, 84-93. [CrossRef]

Tokuhisa, M.; Ichikawa, Y.; Kosaka, N.; Ochiya, T.; Yashiro, M.; Hirakawa, K.; Kosaka, T.; Makino, H.; Akiyama, H.; Kunisaki, C.;
et al. Exosomal miRNAs from Peritoneum Lavage Fluid as Potential Prognostic Biomarkers of Peritoneal Metastasis in Gastric
Cancer. PLoS ONE 2015, 10, e0130472. [CrossRef]

Nazri, HM.; Imran, M.; Fischer, R.; Heilig, R.; Manek, S.; Dragovic, R.A.; Kessler, B.; Zondervan, K.T.; Tapmeier, T.T.; Becker, C.M.
Characterization of exosomes in peritoneal fluid of endometriosis patients. Fertil. Steril. 2020, 113, 364-373.e2. [CrossRef]
Yamamoto, C.M.; Oakes, M.L.; Murakami, T.; Muto, M.G.; Berkowitz, R.S.; Ng, S.-W. Comparison of benign peritoneal fluid- and
ovarian cancer ascites-derived extracellular vesicle RNA biomarkers. J. Ovarian Res. 2018, 11, 20. [CrossRef]

Ng, YH.; Rome, S.; Jalabert, A ; Forterre, A.; Singh, H.; Hincks, C.L.; Salamonsen, L.A. Endometrial Exosomes/Microvesicles in
the Uterine Microenvironment: A New Paradigm for Embryo-Endometrial Cross Talk at Implantation. PLoS ONE 2013, 8, e58502.
[CrossRef]

Lheureux, S.; Msc, M.B.; Oza, A.M. Epithelial ovarian cancer: Evolution of management in the era of precision medicine. CA
Cancer J. Clin. 2019, 69, 280-304. [CrossRef] [PubMed]


http://doi.org/10.1126/science.1153124
http://doi.org/10.1074/jbc.M110.107821
http://doi.org/10.1074/jbc.M112.446831
http://doi.org/10.1038/ncomms3980
http://www.ncbi.nlm.nih.gov/pubmed/24356509
http://doi.org/10.1002/wrna.1413
http://www.ncbi.nlm.nih.gov/pubmed/28130830
http://doi.org/10.1016/j.celrep.2014.08.027
http://www.ncbi.nlm.nih.gov/pubmed/25242326
http://doi.org/10.1016/j.gpb.2015.02.001
http://doi.org/10.1038/ncb1929
http://doi.org/10.1038/nature09039
http://doi.org/10.1038/ncb1930
http://doi.org/10.1038/ncb1800
http://doi.org/10.1038/ncb1596
http://doi.org/10.3389/fphar.2019.01500
http://doi.org/10.1080/20013078.2017.1286095
http://www.ncbi.nlm.nih.gov/pubmed/28326170
http://doi.org/10.3402/jev.v1i0.18397
http://www.ncbi.nlm.nih.gov/pubmed/24009879
http://doi.org/10.1038/srep35562
http://doi.org/10.1002/jev2.12064
http://www.ncbi.nlm.nih.gov/pubmed/33643548
http://doi.org/10.3402/jev.v3.24858
http://www.ncbi.nlm.nih.gov/pubmed/25317274
http://doi.org/10.1002/ags3.12296
http://doi.org/10.1371/journal.pone.0130472
http://doi.org/10.1016/j.fertnstert.2019.09.032
http://doi.org/10.1186/s13048-018-0391-2
http://doi.org/10.1371/journal.pone.0058502
http://doi.org/10.3322/caac.21559
http://www.ncbi.nlm.nih.gov/pubmed/31099893

Cells 2022, 11, 1064 18 of 19

53.

54.

55.
56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Sung, H.; Ferlay, |.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN
Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer |. Clin. 2021, 71, 209-249. [CrossRef]
[PubMed]

Yokoi, A.; Yoshioka, Y.; Hirakawa, A.; Yamamoto, Y.; Ishikawa, M.; Ikeda, S.-1.; Kato, T.; Niimi, K.; Kajiyama, H.; Kikkawa, F.; et al.
A combination of circulating miRNAs for the early detection of ovarian cancer. Oncotarget 2017, 8, 89811-89823. [CrossRef]
Takashina, T.; Ito, E.; Kudo, R. Cytologic diagnosis of primary tubal cancer. Acta Cytol. 1985, 29, 367-372.

Whiteside, T.L. Tumor-Derived Exosomes and Their Role in Cancer Progression. Adv. Clin. Chem. 2016, 74, 103-141. [CrossRef]
[PubMed]

Park, S.-M.; Gaur, A.B.; Lengyel, E.; Peter, M.E. The miR-200 family determines the epithelial phenotype of cancer cells by
targeting the E-cadherin repressors ZEB1 and ZEB2. Genes Dev. 2008, 22, 894-907. [CrossRef]

Gregory, P.A.; Bert, A.G.; Paterson, E.L.; Barry, S.C.; Tsykin, A.; Farshid, G.; Vadas, M.A.; Khew-Goodall, Y.; Goodall, G.]J. The
miR-200 family and miR-205 regulate epithelial to mesenchymal transition by targeting ZEB1 and SIP1. Nat. Cell Biol. 2008, 10,
593-601. [CrossRef]

Yang, J.; Zhou, Y.; Junzheng, Y.; Huang, K.-C.; Ni, X.; Choi, P-W.; Hasselblatt, K.; Muto, M.G.; Welch, W.R.; Berkowitz, R.S.
Characterization of MicroRNA-200 pathway in ovarian cancer and serous intraepithelial carcinoma of fallopian tube. BMC Cancer
2017, 17, 422. [CrossRef]

Hales, K.H.; Speckman, S.C.; Kurrey, N.K.; Hales, D.B. Uncovering molecular events associated with the chemosuppressive
effects of flaxseed: A microarray analysis of the laying hen model of ovarian cancer. BMC Genom. 2014, 15, 709. [CrossRef]
Choi, P-W.,; So, WW.; Yang, J.; Liu, S.; Tong, KK.; Kwan, KM.; Kwok, J.S.-L.; Tsui, SK.W.; Ng, 5.-K.; Hales, K.H.; et al.
MicroRNA-200 family governs ovarian inclusion cyst formation and mode of ovarian cancer spread. Oncogene 2020, 39, 4045-4060.
[CrossRef]

Choi, PW.; Ng, S.W. The Functions of MicroRNA-200 Family in Ovarian Cancer: Beyond Epithelial-Mesenchymal Transition. Int.
J. Mol. Sci. 2017, 18, 1207. [CrossRef] [PubMed]

Savolainen, K.; Scaravilli, M.; Ilvesmaki, A.; Staff, S.; Tolonen, T.; Médenpad, J.U.; Visakorpi, T.; Auranen, A. Expression of the
miR-200 family in tumor tissue, plasma and urine of epithelial ovarian cancer patients in comparison to benign counterparts.
BMC Res. Notes 2020, 13, 311. [CrossRef]

Choi, P.-W.; Bahrampour, A.; Ng, S.-K,; Liu, S.K,; Qiu, W,; Xie, F; Kuo, W.P; Kwong, ].; Hales, K.H.; Hales, D.B.; et al.
Characterization of miR-200 family members as blood biomarkers for human and laying hen ovarian cancer. Sci. Rep. 2020, 10,
20071. [CrossRef] [PubMed]

Kan, CW.S.; Hahn, M.A ; Gard, G.B.; Maidens, ].; Huh, ].Y.; Marsh, D.]J.; Howell, V.M. Elevated levels of circulating microRNA-200
family members correlate with serous epithelial ovarian cancer. BMC Cancer 2012, 12, 627. [CrossRef] [PubMed]

Zuberi, M.; Mir, A.R.; Das, J.; Ahmad, I; Javid, ]J.; Yadav, P.; Masroor, M.; Ahmad, S.; Ray, P.C.; Saxena, A. Expression of
serum miR-200a, miR-200b, and miR-200c as candidate biomarkers in epithelial ovarian cancer and their association with
clinicopathological features. Clin. Transl. Oncol. 2015, 17, 779-787. [CrossRef] [PubMed]

Gao, Y.-C.; Wu, J. MicroRNA-200c and microRNA-141 as potential diagnostic and prognostic biomarkers for ovarian cancer.
Tumor Biol. 2015, 36, 4843-4850. [CrossRef]

Zheng, H.; Zhang, L.; Zhao, Y.; Yang, D.; Song, F.; Wen, Y.; Hao, Q.; Hu, Z.; Zhang, W.; Chen, K. Plasma miRNAs as Diagnostic
and Prognostic Biomarkers for Ovarian Cancer. PLoS ONE 2013, 8, e77853. [CrossRef]

Pendlebury, A.; Hannan, N.J.; Binder, N.; Beard, S.; McGauran, M.; Grant, P.; Tong, S.; Whitehead, C.L. The circulating microRNA-
200 family in whole blood are potential biomarkers for high-grade serous epithelial ovarian cancer. Biomed. Rep. 2017, 6, 319-322.
[CrossRef]

Taylor, D.D.; Gercel-Taylor, C. MicroRNA signatures of tumor-derived exosomes as diagnostic biomarkers of ovarian cancer.
Guynecol. Oncol. 2008, 110, 13-21. [CrossRef]

Xu, Y.-E; Hannafon, B.N.; Khatri, U.; Gin, A.; Ding, W.-Q. The origin of exosomal miR-1246 in human cancer cells. RNA Biol. 2019,
16,770-784. [CrossRef]

Cha, S.Y,; Choi, YH.; Hwang, S.; Jeong, J.-Y.; An, H.J. Clinical Impact of microRNAs Associated With Cancer Stem Cells as a
Prognostic Factor in Ovarian Carcinoma. J. Cancer 2017, 8, 3538-3547. [CrossRef] [PubMed]

Ishige, F.; Hoshino, I.; Iwatate, Y.; Chiba, S.; Arimitsu, H.; Yanagibashi, H.; Nagase, H.; Takayama, W. MIR1246 in body fluids as a
biomarker for pancreatic cancer. Sci. Rep. 2020, 10, 8723. [CrossRef] [PubMed]

Salah, M.; Shaheen, I.; El-Shanawany, P.; Saad, N.E.; Saad, R.; El Guibaly, M.; Momen, N. Detection of miR-1246, miR-23a and
miR-451 in sera of colorectal carcinoma patients: A case-control study in Cairo University hospital. Afr. Health Sci. 2020, 20,
1283-1291. [CrossRef] [PubMed]

Todeschini, P.; Salviato, E.; Paracchini, L.; Ferracin, M.; Petrillo, M.; Zanotti, L.; Tognon, G.; Gambino, A.; Calura, E.; Caratti,
G.; et al. Circulating miRNA landscape identifies miR-1246 as promising diagnostic biomarker in high-grade serous ovarian
carcinoma: A validation across two independent cohorts. Cancer Lett. 2017, 388, 320-327. [CrossRef] [PubMed]

Li, X.J.; Ren, Z.].; Tang, ].H.; Yu, Q. Exosomal MicroRNA MiR-1246 Promotes Cell Proliferation, Invasion and Drug Resistance by
Targeting CCNG2 in Breast Cancer. Cell. Physiol. Biochem. 2017, 44, 1741-1748. [CrossRef] [PubMed]

Wei, C.; Li, Y.; Huang, K; Li, G.; He, M. Exosomal miR-1246 in body fluids is a potential biomarker for gastrointestinal cancer.
Biomark. Med. 2018, 12, 1185-1196. [CrossRef] [PubMed]


http://doi.org/10.3322/caac.21660
http://www.ncbi.nlm.nih.gov/pubmed/33538338
http://doi.org/10.18632/oncotarget.20688
http://doi.org/10.1016/bs.acc.2015.12.005
http://www.ncbi.nlm.nih.gov/pubmed/27117662
http://doi.org/10.1101/gad.1640608
http://doi.org/10.1038/ncb1722
http://doi.org/10.1186/s12885-017-3417-z
http://doi.org/10.1186/1471-2164-15-709
http://doi.org/10.1038/s41388-020-1264-x
http://doi.org/10.3390/ijms18061207
http://www.ncbi.nlm.nih.gov/pubmed/28587302
http://doi.org/10.1186/s13104-020-05155-6
http://doi.org/10.1038/s41598-020-77068-0
http://www.ncbi.nlm.nih.gov/pubmed/33208870
http://doi.org/10.1186/1471-2407-12-627
http://www.ncbi.nlm.nih.gov/pubmed/23272653
http://doi.org/10.1007/s12094-015-1303-1
http://www.ncbi.nlm.nih.gov/pubmed/26063644
http://doi.org/10.1007/s13277-015-3138-3
http://doi.org/10.1371/journal.pone.0077853
http://doi.org/10.3892/br.2017.847
http://doi.org/10.1016/j.ygyno.2008.04.033
http://doi.org/10.1080/15476286.2019.1585738
http://doi.org/10.7150/jca.20348
http://www.ncbi.nlm.nih.gov/pubmed/29151939
http://doi.org/10.1038/s41598-020-65695-6
http://www.ncbi.nlm.nih.gov/pubmed/32457495
http://doi.org/10.4314/ahs.v20i3.33
http://www.ncbi.nlm.nih.gov/pubmed/33402976
http://doi.org/10.1016/j.canlet.2016.12.017
http://www.ncbi.nlm.nih.gov/pubmed/28017893
http://doi.org/10.1159/000485780
http://www.ncbi.nlm.nih.gov/pubmed/29216623
http://doi.org/10.2217/bmm-2017-0440
http://www.ncbi.nlm.nih.gov/pubmed/30235938

Cells 2022, 11, 1064 19 of 19

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Shi, Y;; Wang, Z.; Zhu, X.; Chen, L.; Ma, Y,; Wang, J.; Yang, X.; Liu, Z. Exosomal miR-1246 in serum as a potential biomarker for
early diagnosis of gastric cancer. Int. J. Clin. Oncol. 2019, 25, 89-99. [CrossRef]

Bai, H.; Wu, S. miR-451: A Novel Biomarker and Potential Therapeutic Target for Cancer. OncoTargets Ther. 2019, 12, 11069-11082.
[CrossRef]

Ling, S.; Ruiqgin, M.; Guohong, Z.; Ying, W. Expression and prognostic significance of microRNA-451 in human epithelial ovarian
cancer. Eur. J. Gynaecol. Oncol. 2015, 36, 463—468.

Wu, R.L; Ali, S.; Bandyopadhyay, S.; Alosh, B.; Hayek, K.; Daaboul, M.F.; Winer, I.; Sarkar, FH.; Ali-Fehmi, R. Comparative
Analysis of Differentially Expressed miRNAs and their Downstream mRNAs in Ovarian Cancer and its Associated Endometriosis.
J. Cancer Sci. Ther. 2015, 7, 258-265. [CrossRef]

Ji, T.; Zheng, Z.-G.; Wang, E-M.; Xu, L.-].; Li, L.-F; Cheng, Q.-H.; Guo, ]J.-F; Ding, X.-F. Differential microRNA expression by
Solexa sequencing in the sera of ovarian cancer patients. Asian Pac. ]. Cancer Prev. 2014, 15, 1739-1743. [CrossRef] [PubMed]
Oliveira, D.N.P; Carlsen, A.L.; Heegaard, N.H.H.; Prahm, K.P,; Christensen, 1.].; Hogdall, C.K.; Hogdall, E.V. Diagnostic plasma
miRNA-profiles for ovarian cancer in patients with pelvic mass. PLoS ONE 2019, 14, e0225249. [CrossRef]

Chen, S.E; Liu, Z.; Chaurasiya, S.; Dellinger, T.; Lu, J.; Wu, X,; Qin, H.; Wang, J.; Fong, Y.; Yuan, Y.-C. Identification of core
aberrantly expressed microRNAs in serous ovarian carcinoma. Oncotarget 2018, 9, 20451-20466. [CrossRef] [PubMed]

He, ].; Jing, Y.; Li, W,; Qian, X.; Xu, Q.; Li, E-S.; Liu, L.-Z; Jiang, B.-H.; Jiang, Y. Roles and Mechanism of miR-199a and miR-125b
in Tumor Angiogenesis. PLoS ONE 2013, 8, e56647. [CrossRef]

Torio, M.V.; Visone, R.; Di Leva, G.; Donati, V.; Petrocca, F.; Casalini, P.; Taccioli, C.; Volinia, S.; Liu, C.-G.; Alder, H.; et al.
MicroRNA Signatures in Human Ovarian Cancer. Cancer Res. 2007, 67, 8699-8707. [CrossRef] [PubMed]

Nam, E.J.; Yoon, H.; Kim, SSW.; Kim, H; Kim, Y.T.; Kim, ].H.; Kim, ] W,; Kim, S. MicroRNA Expression Profiles in Serous Ovarian
Carcinoma. Clin. Cancer Res. 2008, 14, 2690-2695. [CrossRef]


http://doi.org/10.1007/s10147-019-01532-9
http://doi.org/10.2147/OTT.S230963
http://doi.org/10.4172/1948-5956.1000359
http://doi.org/10.7314/APJCP.2014.15.4.1739
http://www.ncbi.nlm.nih.gov/pubmed/24641401
http://doi.org/10.1371/journal.pone.0225249
http://doi.org/10.18632/oncotarget.24942
http://www.ncbi.nlm.nih.gov/pubmed/29755664
http://doi.org/10.1371/journal.pone.0056647
http://doi.org/10.1158/0008-5472.CAN-07-1936
http://www.ncbi.nlm.nih.gov/pubmed/17875710
http://doi.org/10.1158/1078-0432.CCR-07-1731

	Introduction 
	Materials and Methods 
	Clinical Specimens and Patient Consent 
	Sample Processing 
	Isolation of EVs 
	Particle Size Distribution and Quantification 
	Transmission Electron Microscopy 
	Immunoblotting and Antibodies 
	RNA Extraction and Measurement 
	Small RNA Deep Sequencing 
	Bioinformatics 
	Reverse Transcription and Quantitative Real-Time PCR 
	Statistical Analysis 

	Results 
	Characterization of EVs from Uterine Aspirates 
	Characterization of Small RNAs Obtained from EVs Isolated from Uterine Aspirates 
	Comparison of EV miRNAs Content in UA from EOC Patients and Healthy Individuals 

	Discussion 
	References

