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Objective: The microRNA expression profile of plasma exosomes in prostate cancer (PCa)
is of critical importance in the disease exploration. This study aimed to explore the clinical
application of exosomal miRNAs as biomarkers for PCa.

Methods: Exosome-like vesicles of PCa patients and healthy controls were purified by
differential centrifugation. The purified vesicles within the ranges of 50 and 100 nm were
classified as exosomes according to the results of transmission electron microscopy and
Western blot. Both, in vitro and in vivo, validations were performed by small RNA sequen-
cing, CCK8, RT-qPCR, flow cytometry, Western blot, transwell and immunofluorescent
staining assays.

Results: High-throughput sequencing identified that 94 miRNAs were differentially
expressed in PCa patients in comparison with healthy controls (P<0.01; fold change >2).
Among them, 64 miRNAs were upregulated, and 30 miRNAs were downregulated. In
comparison to the healthy controls, the expression levels of miR-217 were significantly
upregulated, while miR-23b-3p were significantly downregulated in the exosomes and serum
collected from PCa patients. Both, in vitro and in vivo, studies revealed that exosomes
secreted by PCa cells with up-regulated miR-217 levels promoted cell proliferation and
invasion, meanwhile, the exosomes with up-regulated miR-23b-3p levels inhibited cell
proliferation and invasion. The epithelial-mesenchymal transition process may have been
involved in the above-mentioned regulation.

Conclusion: This study identified the dysregulated expression of exosomal miRNAs in PCa
patients, including miR-217 and miR-23b-3p, by validating their function on proliferation
and invasion in PCa cells. This regulation may have been affected by the epithelial—
mesenchymal transition process, suggesting that they can be used as potential targets in
the diagnosis and treatment of PCa.
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Introduction

Prostate cancer (PCa) is one of the most common malignant tumors in the male
genitourinary system. In Europe and the United States, PCa has the highest
incidence rate and the third highest mortality rate among male malignant tumors.
In recent years, the incidence of PCa has increased gradually." However, due to the
lack of effective procedures to diagnose early, 80% of the patients in China were
diagnosed with bone metastasis upon their first diagnosis.” The situation in
England,’ Canada,* and the US® is much better, since screening is more widespread.
Still, PCa is a very dangerous type of malignancy. Clinically, common treatment
strategies for PCa include surgery, radiation therapy, and endocrine therapy.
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Endocrine therapy, such as surgical or medical castration
and androgen receptor antagonist, or other antiandrogen
drug treatments, has been the only treatment for advanced
metastatic PCa.® However, according to previous studies,
almost every endocrine therapy-sensitive patient even-
tually develops glucocorticoid resistance, leading to resis-
tance to the endocrine treatment, advancement in the
development of cancer, which causes irreversible clinical
progress, and subsequently death of patients.” With the
development of molecular biology and related fields,
gene therapy nowadays is becoming an important
approach in the early diagnosis and treatment of PCa,
meanwhile biomarkers followed by effective targeted
therapies are also promising. Therefore, research on the
discovery and identification of new biological markers is
urgently needed.

Exosomes were first discovered in the late 80s by
Johnstone et al during their study of vesicle formation in
mature reticulocytes.® Several studies on exosomes have
been published thereafter. The exosome is described as
a spherical vesicle carrier with a diameter between 30
and 100 nm, and a density between 1.10 and 1.18 g/mL,
which is seen as a flat, spherical, or cup-shaped corpuscle
under an electron microscope.” During the formation of
exosomes, polyvesicular corpuscles are formed after
a series of complex mechanisms, following membrane
invagination. Subsequently, the polyvesicle’s intracellular
membrane fuses with the cell membrane to release exo-
somes. Exosomes have a double-capsule-membrane struc-
ture, and are rich in lipids, proteins and nucleic acids. As
of 2020, according to the ExoCarta database (http://www.
exocarta.org/), a total number of 9769 proteins, 3408
mRNA, 2838 miRNA, and 116 lipids have been discov-
ered in exosomes. It was proposed that exosomes, secreted
by certain tumor cells, potentially carry cell adhesion
molecules, metalloproteinases, and tissue-specific proteins,
suggesting a close relationship with the occurrence and
development of tumors.'®'" In addition, exosomes are
abundant in nucleic acids, among which miRNAs and
mRNAs were the first to be discovered, while tRNA,
IncRNA, viral RNA, and other types have been discovered
in further research.'?

Exosomes secreted by tumor cells are referred to as
texosomes (TEX), which is an important component in the
tumor microenvironment. TEX potentially participate, in
the anti-tumorigenicity of proto-oncogenes and the forma-
tion of the internal environment during the anti-tumor
process, through the intercellular transmission responses

of the host, thus affecting the processes of tumor occur-
rence, development, invasion, metastasis, angiogenesis,
immune responses and tumor escape.'® In our study, we
performed miRNA profiling of plasma exosomes from
patients with PCa and healthy controls through high-
throughput sequencing. We further, in vitro and in vivo,
selected, analyzed, and validated specific miRNAs in PCa
cells.

Materials and Methods

Sample Acquisition

Written informed consent was obtained from all partici-
pants prior to the start of this study.10 patients with PCa
were recruited for plasma sample collection at the 3rd
Affiliated Hospital of Soochow University during the per-
iod Jan 2016 to Jan 2018. The patients were between 54
and 79 years old with an average age of 68.27 years-, and
standard deviation (SD) of 4.59 years. The characteristics
of included patients are summarized in Table 1. All
patients underwent biopsy and the pathological diagnosis
confirmed positive PCa. None of the patients had ever
received any radical or curative treatments and were all

Table | Baseline of Patients Included in This Study

Characteristics Patients (n=10)

Age
<60 3
260 7

Seminal vesicle infiltration
Yes 0
No 10

Lymph node metastasis
Yes 0
No 10

Bone metastasis

Yes 0

No 10
Stage

I 0

1] 10

PSA expression
=10 8
<10 2

Gleason Index
27 9
<7 |

Abbreviation: PSA, prostate-specific antigen.
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diagnosed with stage III PCa. Patients with any predispos-
ing systemic disorders were excluded. Another 10 healthy
participants were recruited from the physical examination
center as the control group within the above-mentioned
period of time. The control group had a comparable age
range of 47 to 78 years old, with an average age of 63.83
years- and a SD of 6.53 years. Ten-milliliter EDTA tubes
were used for the collection of blood, by venipuncture,
from the patients at fasting state. The blood samples
underwent centrifugation at 2000 g for 10 min at 4°C.
The extracted samples were stored as 750 pL aliquots at
—80°C. The experiment was approved by the Institutional
Human Experiment and Ethics Committee of the 3rd
Affiliated Hospital of Soochow University. The study
was conducted according to the Declaration of Helsinki.

Cell Culture

PCa cells (PC-3 and DU145) derived from humans were
cultured in RPMI-1640 medium supplemented with 10%
fetal bovine serum and 5% penicillin-streptomycin, and
incubated at 37°C with 5% CO.”

Exosome Preparation and Size

Determination

At 4°C, the plasma samples were centrifuged at 1600 g for
20 min and at 10,000 g for 30 min. The extracted super-
natant was processed with 0.22 um disposable filter units.
The resulting filtration was centrifuged at 100,000 g and
4°C for 2 h. Pellets containing exosomes were washed
with 10 mL PBS, resuspended in 0.1 mL PBS and kept
at —80°C for further experiments. The diameter of the
exosomes was measured with Zetasizer Nano in compli-
ance with the manufacturer’s instructions. An EM-2010
transmission electron microscope (TEM) at x250,000
magnification was used for further examination of the
prepared exosome samples.

Western Blot

Protein samples were prepared in RIPA lysis buffer
(Abcam, ab156034 with protease inhibitor cocktail).
The protein concentration of the samples was tested
with a BCA protein assay kit (Abcam, abl102536).
Aliquots of 20 pg protein was fractionated with 10%
SDS-PAGE gel and transferred to nitrocellulose mem-
branes. The membranes were blocked in 5% skimmed
milk, dissolved in PBST (0.5% Tween-20) buffer for
2 h at room temperature, and incubated with the

following primary antibodies: rabbit anti-7SG/01
(Abcam, abl25011, 1/1000), mouse anti-HSP70
(Abcam, abl181606, 1/1000), rabbit anti-E-cadherin

(ab15148) (1/500), or rabbit anti-Vimentin (ab92547)
(1/1000) at 4°C overnight. Secondary antibodies (1/
1000) were subsequently incubated with the membranes
at room temperature for 1 h. Positive staining was
visualized on X-ray films with Pierce enhanced chemi-
luminescent visualization reagents.

Exosomal RNA’s Isolation and Small RNA

Sequencing

To obtain exosomal total RNA from the plasma samples,
RNeasy Mini Spin kit (QIAGEN, Cat No./ID: 74104) was
applied as per manufacturer’s instructions. The concentra-
tion and purity of the RNA extractions were detected with
the Agilent 2100 bioanalyzer system. Small RNA sequen-
cing was conducted with the BGISEQ-500 sequencer.
Significantly interfered results were ignored, and distinc-
tive adaptor sequences or RNA small sequences, which
had perfect matches in the human genome database (http://
ncbi.nlm.nih.gov/genomes/Homo sapiens), were deemed

valid for the subsequent analytical procedures. Based on
the seed sequences, target mRNAs were identified with
TargetScan (version 7.2; http://www.targetscan.org/vert

72/). The expression levels of miRNA were analyzed
according to the frequency of detection with the DEGseq
method."*

Target Gene and Pathway Enrichment
Analysis

Target genes for the miRNAs of interest were researched
within three databases: TargetScan,'”> miRanda'® and
RNAhybrid.!” The pathway analysis of the target genes
included Gene Ontology (GO) functional annotation'® and
Kyoto Encyclopedia of Genes and Genomes (KEGG)
pathway enrichment analysis,'® and was performed with
DIANA TOOLS (http://snf-515788.vm.okeanos.grnet.gr/).

Plasma RNA Extraction

The total RNA of the plasma samples was extracted with
miRNeasy Serum/Plasma kit in accordance with the man-
ufacturer’s instructions. After extracting, it was suspended
in 14 pL nuclease-free water. The concentration of the
RNA samples was measured with a NanoDrop ND-2000
spectrophotometer.
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Quantitative Polymerase Chain Reaction
(gPCR)

cDNA was reverse transcribed from total RNA with the
Qiagen miScript II RT kit and gPCR was conducted with
the Qiagen miScript SYBR Green PCR kit, both in accor-
dance with the manufacturer’s instructions. The miScript
primers were used as shown in Table 2. The Cq values
described
previously.”’ Relative fold-changes were estimated with
the 2-AACq method.?'

were normalized to synthetic spike as

Cell Transfection

50 nm miRNA-217 mimic and miRNA-23b-3p mimic
were transfected into the PC-3 and DU145 cells using
Lipofectamine™ 2000 (Invitrogen). The exosomes were

Table 2 miScript Primers Used in This Study

isolated from transfected cells for further validating
assays. miRNA-217 mimic and miRNA-23b-3p mimic
obtained from GenePharma

were (GenePharma

Corporation, Shanghai, China).

Cell Proliferation Assay

PCa cells that were stimulated with negative control (NC),
tumor-secreted exosomes, derived from normal PCa cells
(PC-3 and DU145), and tumor-secreted exosomes derived
from miR-217 or miR-23b-3p up-regulated PC-3 and
DU145 cells, were seeded in 96-well culture plates.
Next, the respective levels of cell proliferation were mea-
sured with CCK-8 (Dojindo, Japan) following the manu-
facturer’s instructions, at the timepoints 24, 48, 72, and
96 h onwards.

Flow Cytometry

Apoptosis analysis was performed with the Annexin
V-FITC kit as previously described. In brief, PCa cells
stimulated with NC, tumor-secreted exosomes derived
from PC-3 and DU145 cells, and tumor-secreted exosomes
derived from miR-217 or miR-23b-3p up-regulated PC-3
and DU145 cells, were used for flow cytometry analysis.
The derived data were processed with CellQuest software
(BD Biosciences). Cell cycle distribution was analyzed by
FACS Calibur flow cytometer (BD).

Transwell Assay

The evaluation of cellular mobility was performed by
transwell assays. In brief, the above-mentioned treated
PCa cells were incubated in the upper chamber of the
transwell chambers (Corning costar, 8-um pore size;
Cambridge, USA), while 20% serum, serving as chemoat-
tractant, was added into the lower chamber. After incuba-
tion for 48 h, the filter was fixed with methanol and 0.1%
crystal violet, and stained. The cells were measured with
a microscope on the bottom side of the filter. Each trial
was conducted in triplicates.

Immunofluorescent Staining (IF)

Briefly, the PCa cells were orderly incubated with
(Abcam, abl1512,
10 pg/mL), mouse monoclonal anti-Vimentin (Abcam,
ab8978, 1 pg/mL), Alexa®488-conjugated goat anti-
rabbit secondary antibody (Thermo Fisher, CA, USA),
and the nuclear stain Hoechst 34,580 (Molecular Probes,
Thermo Fisher, CA, USA, 5 pg/mL). Images were
obtained by using the Zeiss confocal microscope.

rat monoclonal anti-E-cadherin

ID Sequences
miR-941 Forward: 5'- ATCGTGCTCTTGTACCAGCC-3’
Reverse: 5- CTAGCGAGCCTCATTCAGTG-3’
miR-147a Forward: 5'- TCTAAAGACAACATTTCTGCACAC-3'
Reverse: 5'- AATCTAGCAGAAGCATTTCCACAC-3’
miR-659-3p Forward: 5'- ACCGACCCTCGATTTGGTTC -3’
Reverse: 5- GACATTGTTGGGGACCCTCC -3’
miR-520a-3p Forward: 5'- GTGACCCTCCAGAGGGAAGTA -3’
Reverse: 5- CGAAACAGTCCAAAGGGAAGC -3’
let-7d-5p Forward: 5'- CCTAGGAAGAGGTAGTAGGTTGC -3’
Reverse: 5'- AAGAAAGGCAGCAGGTCGTA -3’
miR-127-5p Forward: 5'- GATCACTGTCTCCAGCCTGC -3’
Reverse: 5'- GATGAGACTTCCGACCAGCC -3’
miR-217 Forward: 5'- CGCAGATACTGCATCAGGAA -3’
Reverse: 5'- CTGAAGGCAATGCATTAGGAACT -3’
miR-422a Forward: 5'- AGCACTGGACTTAGGGTCAGA -3’
Reverse: 5'- GACAAAGCTTGGCTCAGGGA -3’
miR-519a-3p Forward: 5'- GCTGTGACACTCTAGAGGGAAG -3’
Reverse: 5'- AACAGTAACACTCTAAAAGGATGC -3’
miR-606 Forward: 5'- CTATGATGAGGTGTGCCATCCA -3’
Reverse: 5'- TGGTCAGGCACTTGTATCTTTGA -3’
miR-148a-3p Forward: 5- AGGAGGGCTACCTGGCTAAA -3’
Reverse: 5- CGTCTCCATCTTCGTCCTCG -3’
miR-506-5p Forward: 5'- AGTGCCTTATTCAGGAAGGTGT -3’
Reverse: 5- CCACCACAAATGTTGTCCATGT -3’
miR-23b-3p Forward: 5'- GGGTTCCTGGCATGCTGATT -3’
Reverse: 5'- TCGTGGTTGCGTGGTAATCC -3’
U6 Forward: 5'-CTCGCTTCGGCAGCACA-3'
Reverse: 5-AACGCTTCACGAATTTGCGT-3’
[ 1598 submit your manuscript
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In vivo Assay

The animal experiments were approved by the Institutional
Animal Care and Use Committee of the 3rd Affiliated
Hospital of Soochow University. NIH principles of labora-
tory animal care were strictly adhered to guarantee welfare
of the animals. PC-3 (1 x 10°) and DU145 (1 x 10°) cells
with different exosome-treatment were subcutaneously
inoculated into the left upper, right upper, and right
lower limbs of 4-week-old BALB/C nude mice. After 4
weeks, the mice were sacrificed, and the xenografts were
separated, weighed and measured. The volume was calcu-
lated according to the following formula: volume (cm®) =
(width? xlength)/2.

Immunohistochemistry (IHC)

From formalin-fixed and paraffin-embedded blocks,
4-micron sections were cut and placed on charged slides.
The sections were pre-treated using heat-mediated antigen
retrieval with sodium citrate buffer (pH 6, epitope retrieval
solution 1) for 20 min. Rabbit monoclonal Vimentin anti-
bodies (Abcam, ab92547, 1/200 dilution) were incubated
for 15 min and detected using a HRP-conjugated compact
polymer system. DAB was used as the chromogen. Then,

the sections were counterstained with haematoxylin and

A C

mounted with DPX. An IHC score was assigned, by two
pathologists, according to the following criteria: 3+,
intense, granular cytoplasmic staining; 2+, moderate,
smooth cytoplasmic staining; 1+, faint cytoplasmic stain-
ing in >10% of tumor cells; and 0, no staining.

Statistical Analysis

GraphPad Prism 5 was used for all the statistical analyses.
The comparison of two groups of data was conducted with
the unpaired one-tailed z-test. P<0.05 was defined as sta-
tistically significant.

Results
Plasma Exosomes Isolated from PCa

Patients

The age ranges of the two groups, 10 patients with PCa and
10 healthy controls, were comparable without a statistically
significant inter-group difference (P>0.05). TEM images
(Figure 1A and B) revealed that the plasmatic extracellular
vehicles (EVs), in both groups, were spherical vesicles with
diameters ranging between 50 and 100 nm, which were
similar to that of the exosomes (Figure 1C). Moreover, two
identified exosome markers, HSP70 and TSG101, were pre-
sent in the EVs from both groups (Figure 1D).

=== Health control
== Prostatic cancer
50 100 150 200
Particle size (nm)
Health Control Prostatic Cancer
HSP70 R e
TSG101 45 kDa
GAPDH | — — — — 30 KDa

Figure | Identification of vesicles similar to exosomes. Diameter range of those exosome-like vesicles that were isolated from (A) normal controls and (B) PCa patients.
(C) TEM results of the exosome-like vesicles from normal controls and PCa patients. (D) Western blot of HSP70 and TSG101 proteins in the vesicles. HSP70, heat-shock-

protein 70 KDa; TSG101, Tumor susceptibility gene 101.
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Differentially Expressed miRNAs in

Exosomes

With the settings of 2-fold change and P<0.01 as cutoff
value, the expression of 94 miRNAs of the exosomes col-
lected from the PCa patients were significantly different
compared to the healthy controls. Among them, 64
miRNAs had increased expression and 30 miRNAs had
decreased expression in the exosomes. The 10 miRNAs
with most upregulated expression include: hsa-miR-659-
3p, hsa-miR-18a-5p, hsa-miR-127-5p, hsa-miR-941, hsa-
miR-147a, hsa-miR-422a, hsa-miR-4704-5p, hsa-miR
-4799-5p, hsa-miR-663a, and hsa-miR-551b-5p. In addition,
the 10 miRNAs with most downregulated expression
include: hsa-miR-29¢c-3p, hsa-miR-519a-3p, hsa-miR-636,
hemv-miR-UL70-5p, hsa-miR-4255, hsa-miR-4755-5p, hsa-
miR-606, hsa-miR-5571-3p, hsa-miR-3064-5p, and hivl-
miR-TAR-3p. The heatmap and volcano plot with red and
green spots to indicate the miRNAs with significantly dif-
ferent levels of expression, are shown in Figure 2A and B.

TGF-beta signaling pathway

Nogative log10 transformed qvaluo.

Enriched Biological Processes and
Molecular Functions (KEGG) Analysis

KEGG pathway analysis demonstrated that most of the rele-
vant genes were primarily involved as miRNAs in cancer and
phagosomes in mucin-type O-Glycan biosynthesis, metabo-
lism of xenobiotics by cytochrome P450 as well as the TGF-
beta signaling pathway. GO analysis for the relevant genes of
the miRNAs of interest demonstrated that, most of them
related to the functions of positive regulation of cell migra-
tion, cellular nitrogen compound metabolic process, orga-
nelle, biosynthetic process, cell adhesion, small molecule
metabolic process, catabolic process, collagen catabolic pro-
cess and extracellular matrix organization. Above-mentioned
results are shown in Figure 2C. Interestingly, the TGF-beta
signaling pathway, positive regulation of cell migration and
cell adhesion were found to be involved in the differentially
expressed exosomal miRNAs, indicating that the regulation
of epithelial-to-mesenchymal transition (EMT) potentially

exists in the PCa serum exosome.

Count
0
o
o
0«
)

neglog10_Qualue
125
100
75
50
25

negLog10_Qualue
Count

5
@ 500

4 @ 1o
2 @ 1500

" Log2 fold change

Figure 2 (A) Top differentially expressed miRNAs between were showed as a heat map (> 2-fold; P<0.01). (B) Volcano plot. Plotted along the x-axis were the means of log2
fold-change, and along the y-axis the negative logarithm of P values was plotted. Red spots showed enhanced miRNAs and green spots showed inhibited miRNAs with
a >2.0-fold change. (C) Top Kyoto Encyclopedia of Genes and Genomes pathways and Gene ontology influenced by the relevant genes for the miRNAs of interest.
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miRNA Expression Level

According to miRNA profiling, the relative expression
levels of miR-147a, miR-659-3p, miR-520a-3p, let-7d-
5p, miR-127-5p, miR-217, miR-422a, miR-519a-3p,
miR-606, miR-148a-3p, miR-506-5p, and miR-23b-3p
were investigated. Among them, miR-147a, miR-659-3p,
miR-520a-3p, let-7d-5p, miR-127-5p, miR-217, and miR-
422a were found to be upregulated and miR-519a-3p,
miR-606, miR-148a-3p, miR-506-5p, and miR-23b-3p
were downregulated in plasma exosomes of the PCa
patients. Further confirmed by qPCR, miR-127-5p and
miR-217 were upregulated, while miR-148a-3p and miR-
23b-3p were significantly downregulated in the exosomes
of PCa patients, in comparison to the healthy controls
(Figure 3A). The level of miR-127-5p, miR-217, miR-
148a-3p and miR-23b-3p were also measured in the
serum of PCa patients. The results indicated that miR-
217 was upregulated and miR-23b-3p downregulated
(Figure 3B). In addition, the elevated expression of miR-
217 and miR-23b-3p were confirmed, in PCa cells and
exosomes derived from the corresponding PCa cells,
when transfected with each miRNA mimic (Figure 3C
and D). The normal PC-3 cells were treated with NC and
exosomes were derived from normal PC-3 cells and miR-

217-overexpressed PC-3 cells, while normal DU145 cells
were treated with NC and exosomes were derived from
normal DU145 cells and miR-23b-3p-overexpressed
DU145 cells. The level of miR-217 and miR-23b-3p was
examined in the aforementioned groups, respectively. As
expected, miR-217 and miR-23b-3p were more expressed
in miR-217-overexpressed PC-3 exosome treated PC-3
cells and miR-23b-3p-overexpressed DU145 exosome
treated DU145 cells, respectively, compared to the control
groups (Figure 3E).

Proliferation and Invasion of Exosomal
miR-217 and miR-23b-3p Regulated PCa
Cells

Gain-of-function assays were carried out to investigate the
carcinogenic or carcinostatic role of miR-217 and miR-
23b-3p derived from PCa-secreted plasma exosomes. The
PC-3 and DU145 cells were treated as shown in Figure 3E.
The cell proliferation in the miR-217-mimic PC-3 exo-
somes group was increased (Figure 4A), while it was
decreased in the miR-23b-3p-mimic DU145 exosomes
group (Figure 4B), compared with the corresponding con-
trol groups. Promoted G2/M cycle (Figure 4C) and inhib-
ited cell apoptosis rates (Figure 4E), and inhibited G2/M
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DU145 cells *P < 0.05, **P < 0.01.

cycle (Figure 4D) and enhanced cell apoptosis rates
(Figure 4F), were demonstrated in the miR-217-mimic
PC-3 exosomes group and miR-23b-3p-mimic DU145
exosomes group, respectively. Treatment with miR-217-
mimic PC-3 exosomes enhanced the cell invasive capacity
in the PC-3 cells (Figure 4G), while it diminished the cell
invasive capacity in DU145 cells when treated with miR-
23b-3p-mimic DU145 exosomes, which was proven by the
transwell assay (Figure 4H). These differences were sta-
tistically significant (P<0.05).

Exosomal miR-217 and miR-23b-3p
Regulate E-Cadherin, N-Cadherin and

Vimentin Expression in PCa Cells

To investigate whether exosomal miR-217 and miR-23b-3p
affect the EMT in PCa cells, PC-3 and DU145 cells were
treated with NC and miR-217-mimic PC-3 exosomes or
DU145
Western blot assay was conducted for the expression of
E-cadherin, and Vimentin. The results showed that the

miR-23b-3p-mimic exosomes, respectively.

expression of E-cadherin was enhanced and the expression
of Vimentin was restrained in the miR-23b-3p-mimic DU145
exosomes group, and vice versa in the miR-217-mimic PC-3
exosomes group (Figure 5A). These results were also con-
firmed by IF (Figure 5B), which preliminarily supported our
hypothesis.

Validating Assays in vivo

The xenografts treated with miR-217-mimic exosomes were
larger in size and heavier in weight compared to the ones of
the Up-regulated-miR-23b-3pDU145 exosomes group
(Figure 6A). The expression of miR-217, miR-23b-3p, and
Vimentin, in removed tumor tissues, were analyzed by qPCR
and IHC. As shown in Figure 6B, miR-217 and miR-23b-3p
were more up-regulated in tumor tissue of the miRNA-mimic
exosome treated group than other groups. Vimentin was more
expressed in tissues of the miR-217-mimic PC-3 exosomes
treated group and less expressed in tissues of the miR-23b-
3p-mimic DU145 exosomes treated group compared to other
groups (Figure 6C). These differences were statistically sig-
nificant (P<0.05).
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Discussion

Despite the important regulatory function of serum exo-
some miRNA in PCa, interest in this area is still limited. In
our study, we compared exosome miRNA expression, in
the serum of healthy subjects and PCa patients, to identify
a characteristic pattern of miRNAs that could be used as
a standard criterion for “liquid biopsy” in this specific
patient population. In our analysis, a total of 64 up-
regulated and 30 down-regulated miRNAs were discov-
ered in the circulating exosomes, which could be related to
tumor cell proliferation. Among them, miR-217 and miR-
23b-3p were demonstrated, through a series of in vitro and
in vivo assays, to regulate the proliferation and invasion
ability of PCa cells via EMT. This novel finding contri-
butes to the potential establishment of criteria for “liquid
biopsy” in PCa. Neoplastic miRNAs of tumor cells could
be transferred to other sites through exosomes, resulting in
uncontrolled proliferation of tumor cells beyond the pri-
mary site (metastasis). On the other hand, tumor cells
remain in the state of proliferation by eliminating the
miRNAs of tumor suppressors. A previous study by
Josson et al demonstrated that miR-409 in the PCa exo-
some was able to inhibit the process of enhancement in the
formation of MET by the RAS suppressor protein 1
(RSUI) and matrix antigens.”* Other studies also found
that miR-21 and miR-141 in the exosomes of PCa patients
were able to regulate the activation of osteoclasts and
osteoblasts in the tumor microenvironment, which may
contribute to the promotion of bone metastasis.”>**
Using RNA expression microarray, Corcoran et al*> dis-
covered four miRNAs, miR-598, miR-34a, miR-146a and
miR-148a, that participated in the docetaxel resistance of
PCa. Among which, miR-34a contributed to the docetaxel
resistance through the regulation of BCL-2.

Recently, results of the differentially expressed
miRNAs of tumors and matched normal tissues were
deemed controversial, which is potentially due to the
small sample sizes and variation in adopted techniques.
Furthermore, the influence of other factors, such as sex,
comorbidities (eg, immune status), social habits and age,
on the expression level are still unknown. Overall, the
alteration in the miRNA expression levels needs to be
interpreted cautiously. Arroyo et al suggested that most
circulating miRNAs existed in non-membrane-bound
forms, consistent with ribonucleoprotein complexes,
while only few existed in macrovesicles and exosomes.*®

Exosomes are membrane-bound vesicles with diameters

between 50 and 90 nm, which are generated from multi-
vesicular bodies, and released from cells to circulation
through the process of exocytosis.”’ The exosomes are
believed to participate in intercellular communication,
since it was proposed that exosomes and Argonaute 2
(the effective component of the miRNA-induced silencing
complex) can protect circulating miRNAs from degrading
by RNase. In this study, we further validated tumor inhibi-
tion and promotion functions of miRNAs in exosomes,
and found that it could be more suitable as a biomarker
than circulating miRNAs in plasma. Multiple studies
reported similar results. Bryant et al’® found that the
expression levels of exosomal miR-141 and miR-375 in
patients with metastatic PCa were higher than those in
healthy controls, and suggested that they could be used
as biomarkers for the diagnosis of PCa. Consistently, Li
et al*” also found comparable results in their study. Huang
et al’® demonstrated that high expression levels of serum
exosomal miR-1290 and miR-375, negatively correlated
with the survival rates of glucocorticoid-resistant PCa,
suggesting that they could be used as biomarkers for the

prognosis of such patients. Bhagirath et al*'

suggested that
the exosomal miR-1246 level was related to the patholo-
gical grade, positive transfer and poor prognosis of PCa,
and could, therefore, be used as a biomarker for the diag-
1*? also found that the

exosomal expression levels of miR-195 and let-7i were

nosis of PCa. Moreover, Mahn et a

related to the Gleason Score and the postoperative positive
margin, suggesting that they could be used to distinguish
localized PCa and benign prostatic hyperplasia. Although
the level of circulating miRNAs in exosomes is low, it has
been proven that cancer cells significantly increase the
circulating exosomes, suggesting that this increase in exo-
somal miRNA level is potentially tumor related. The inter-
pretation of our study is limited, due to the small sample
size and lack of analysis of cases after treatments.
However, it can provide directions for further studies.
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