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Epithelial cells derived exosomal miR-203a-
3p facilitates stromal inflammation of type
lIIA chronic prostatitis/chronic pelvic pain
syndrome by targeting DUSP5 and increasing
MCP-1 generation
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Abstract

Increased proinflammatory cytokines and infiltration of inflammatory cells in the stroma are important pathological
features of type IlIA chronic prostatitis/chronic pelvic pain syndrome (CP/CPPS-A), and the interaction between
stromal cells and other cells in the inflammatory microenvironment is closely related to the inflammatory process
of CP/CPPS-A. However, the interaction between stromal and epithelial cells remains unclear. In this study,
inflammatory prostate epithelial cells (PECs) released miR-203a-3p-rich exosomes and facilitated prostate stromal
cells (PSCs) inflammation by upregulating MCP-1 expression. Mechanistically, DUSP5 was identified as a novel
target gene of miR-203a-3p and regulated PSCs inflammation through the ERK1/2/MCP-1 signaling pathway.
Meanwhile, the effect of exosomes derived from prostatic fluids of CP/CPPS-A patients was consistent with that of
exosomes derived from inflammatory PECs. Importantly, we demonstrated that miR-203a-3p antagomirs-loaded
exosomes derived from PECs targeted the prostate and alleviated prostatitis by inhibiting the DUSP5-ERK1/2
pathway. Collectively, our findings provide new insights into underlying the interaction between PECs and PSCs in
CP/CPPS-A, providing a promising therapeutic strategy for CP/CPPS-A.

Keywords CP/CPPS-A, Exosomes, miR-203a-3p, DUSP5, Inflammation

fGuojing Song and Fuhan Zhao contributed equally to this work. 'Department of Urology, Southwest Hospital, Army Medical University
(Third Military Medical University), Chongging 400038, China
*Correspondence: ’Department of Biochemistry and Molecular Biology, College of Basic
Zhansong Zhou Medical Science, Army Medical University (Third Military Medical
72568754186@163.com University), Chongging 400038, China
Gang Huang 3Department of Center of Smart Laboratory and Molecular Medicine,
cghuanggang@aliyun.com School of Medicine, Chongging University, Chongging 400044, China
Wenhao Shen

chonggingswh@aliyun.com

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use,
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this

article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available
in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12951-024-02513-5&domain=pdf&date_stamp=2024-5-9

Song et al. Journal of Nanobiotechnology (2024) 22:236

Introduction

Chronic prostatitis/chronic pelvic pain syndrome (CP/
CPPS) is a widespread condition that affects men across
a broad age spectrum, characterized by significant
symptoms such as pelvic pain, varying degrees of void-
ing issues, and sexual dysfunction [1, 2]. However, the
underlying causes, pathogenesis, and the most effective
treatment for CP/CPPS remain poorly understood [3,
4]. While the exact pathophysiology mechanism of CP/
CPPS is not well known, it has been demonstrated that
inflammatory factors secreted by stromal cells play a crit-
ical role [5, 6]. Some scholars even believe that CP/CPPS
could be defined as a prostatic stromal disease [7]. Previ-
ous studies have confirmed that the interaction between
stromal cells and other cells in the inflammatory micro-
environment is closely linked to the inflammatory pro-
cess of CP/CPPS [8, 9]. CP/CPPS is further categorized
into IIIA and IIIB, with Type IIIA referring to inflamma-
tory CP/CPPS. Patients with Type IIIA CP/CPPS exhibit
more severe and frequent symptoms compared to those
with noninflammatory CP/CPPS (Type IIIB) [10]. Nev-
ertheless, the interaction between prostate stromal cells
(PSCs) and prostate epithelial cells (PECs), which are the
primary cells responsible for secreting prostate fluid and
maintaining prostate homeostasis, remains unclear in the
context of CP/CPPS-A [11, 12]. Therefore, elucidating
the interaction between PECs and PSCs in the inflam-
matory microenvironment is crucial to improving the
understanding and treatment of CP/CPPS-A.

Exosomes are a subtype of extracellular vesicles, typi-
cally ranging in diameter from 40 to 160 nm, actively
released by various cells into extracellular fluids, such
as blood, cerebrospinal fluid, saliva, urine, and prostatic
fluid [13-15]. Exosomes play a crucial role in mediat-
ing intercellular communication by transporting spe-
cific proteins, lipids, microRNAs (miRNAs), and genetic
materials from their parent cells to recipient cells [16,
17]. In particular, the role of exosomal non-coding RNAs
in disease has garnered extensive attention, with growing
evidence indicating that exosomal miRNAs are closely
involved in regulating disease progression [18]. For
instance, during the initial phase of vascular inflamma-
tion, endothelial extracellular vesicles that respond early
play a role in promoting monocyte activation by transfer-
ring miR-126-5p and miR-212-3p [19]. Similarly, highly
metastatic colorectal cancer cells-derived extracellular
vesicles rich in miR-181a-5p could activate hepatic stel-
late cells, thereby facilitating liver metastasis in colorectal
cancer [20]. However, it remains unclear whether epithe-
lial cells can influence stromal cells via exosomal miR-
NAs in CP/CPPS-A.

In this study, we found for the first time that prostatic
fluid of CP/CPPS-A patients and lipopolysaccharide
(LPS)-stimulated PECs contained miR-203a-3p-rich
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exosomes, which were absorbed by stromal cells and
subsequently promoted inflammation. Mechanistically,
we identified that DUSP5 was a novel target gene of
miR-203a-3p. The downregulation of DUSP5 by miR-
203a-3p increased the phosphorylation of ERK1/2 and
subsequently induced MCP-1 expression, thus promot-
ing stromal cell inflammation. Finally, we developed
miR-203a-3p antagomirs-loaded exosomes derived from
PECs, which could target the prostate and alleviate pros-
tatitis by inhibiting the DUSP5-ERK1/2-MCP-1 pathway.
Our results suggest that inflammatory PEC-derived exo-
somes promote stromal cell inflammation via the miR-
203a-3p/DUSP5/MCP-1 axis, providing a promising
strategy for targeted treatment of CP/CPPS-A.

Materials and methods

Collection of human prostatic fluid samples

This study involved twenty prostatic fluid samples from
CP/CPPS-A patients diagnosed at the Department of
Urology, Southwest Hospital, Army Medical University
(Chongging, China). Additionally, twenty healthy volun-
teers were randomly recruited from the general popula-
tion for this study. The inclusion and exclusion criteria
for patients with CP/CPPS-A and healthy adult males
were implemented as previously reported [21]. Written
informed consent was obtained from each participant.
The study protocol adhered to the ethical guidelines of
the 1975 Declaration of Helsinki and was approved by
the Ethics Committee of Southwest Hospital of Army
Medical University (Ethics approval number: KY201801).

Cell culture and collection of cell supernatant

The human prostate epithelial cell line (PEC: RWPE-1
cell) and human prostate stromal cell line (PSC: WPMY-1
cell) were purchased from the American Type Culture
Collection (ATCC, USA) and tested for no mycoplasma
contamination. WPMY-1 cells were cultured in DMEM
medium (Gibco, USA), supplemented with 10% (v/v)
fetal bovine serum (FBS) (Gibco, USA). RWPE-1 cells
were cultured in keratinocyte growth medium supple-
mented with human recombinant epidermal growth
factor (5 ng/mL) and bovine pituitary extract (0.05 mg/
mL) (ScienCell, USA). Cells were maintained at 37 °C
in a 5% CO, environment. To collect cell supernatant,
RWPE-1 cells were grown to 70% confluence in five 175
cm? flasks (4—8x 107 cells). The growth medium was then
replaced with an equivalent medium supplemented with
exosomes-depleted FBS (obtained by ultracentrifuging
FBS supernatant at 100,000xg for 16 h) with correspond-
ing treatment (100 ng/mL LPS, 100 nM miRNA mim-
ics, 100 nM miRNA inhibitors or negative controls). LPS
was purchased from Sigma (USA). miR-203a-3p mim-
ics, miR-203a-3p inhibitors, and negative controls were
designed and synthesized by Genepharma (China), with
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target sequences listed in Table S1. After 24 h, the condi-
tioned medium was harvested.

Isolation and characterization of exosomes

Exosomes were isolated by using differential ultracen-
trifugation [22]. Briefly, the prostatic fluid sample or cell
supernatant was first centrifuged at 300xg for 10 min to
pellet floating cells, followed by centrifugation at 2,000xg
for 10 min to pellet cellular debris. The supernatant was
then centrifuged at 10,000xg for 30 min to pellet apop-
totic bodies and microparticles larger than 1 pum. The
resulting supernatant was filtered through a 0.22 pm fil-
ter and ultracentrifuged at 100,000xg for 90 min (Beck-
man Coulter, USA). The resulting exosomal pellets were
pooled, washed with phosphate buffer saline (PBS), and
ultracentrifuged again at 100,000xg. The final exosomal
pellets were resuspended in 100 pL of PBS and stored at
-80 °C. Using this method, exosomes were isolated from
RWPE-1 cells, LPS-stimulated RWPE-1 cells, normal
prostatic fluids, and CP/CPPS-A prostatic fluids, yield-
ing four distinct exosome types: NC-Exos, LPS-Exos,
Normal-Exos, and CP/CPPS-A-Exos. For the detection
of exosomal particle size, 100 pL of exosomes was diluted
into a final volume of 1 mL and subjected to Nanoparticle
Tracking Analysis (NTA) (Malvern, UK). The morphol-
ogy of the exosomes was observed by Transmission Elec-
tron Microscope (TEM) (JEOL, Japan). Western blotting
was performed to confirm the presence of exosomal bio-
markers such as CD9, CD63, CD81, TSG101, Hsp70, and
Calnexin (ab275018, Abcam, UK). The concentration of
exosomes was determined by using an Exosome Quanti-
tation Assay Kit (SBI, USA) following the manufacturer’s
instructions.

Animal models

The study was conducted with the approval of the Labo-
ratory Animal Welfare and Ethics Committee of Army
Medical University (Ethics approval number: AMU-
WEC2020939) and adhered to the US Public Health
Service Policy on Humane Care and Use of Laboratory
Animals. Adult male Sprague-Dawley rats, weighing
350£20 g, were procured from the Experimental Ani-
mal Center of Army Medical University. The procedure
entailed standard hair removal and lower abdominal
skin disinfection, followed by a layered incision per-
formed under aseptic surgical conditions to expose the
bladder and the prostate situated posteriorly. A sterile
micro-syringe was used to inject 20 pL of PBS, prostatic
fluid derived exosomes, or RWPE-1 cells derived exo-
somes into the left and right ventral lobes of the prostate.
Untreated rats were used as controls. After the injections,
the abdominal incisions were closed in layers. Post-sur-
gery, the rats were allowed unrestricted access to water
upon regaining consciousness. One week later, the rats
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were euthanized, and their serum samples and prostates
were collected for further analysis.

Cell transfection

The full-length coding sequence of human DUSP5 was
synthesized and cloned into the pEGFP-N1 expression
vector (Tsingke, China). DUSP5 siRNAs were designed
and synthesized by Genepharma (China), with target
sequences listed in Table S1. For functional analysis of
miR-203a-3p, the transfection was conducted using com-
plexes of Lipofectamine 3000 (Invitrogen, USA) and miR-
203a-3p inhibitors/mimics or negative controls, as per
the manufacturer’s instructions. To overexpress DUSP5,
WPMY-1 cells were infected with either the control
pEGFP-N1 expression vector or the DUSP5-expressing
pEGFP-N1 expression vector. For loss-of-function stud-
ies, WPMY-1 cells were transfected with DUSP5-specific
siRNA or scrambled control oligonucleotides (si-NC).

Detection of the uptake of exosomes

To analyze the cellular uptake of exosomes, WPMY-1
cells were seeded in a 20 mm dish (Corning, USA) at a
density of 1x10° cells/dish. Upon reaching a confluency
of 30-50%, the cells were incubated with PKH67-1labeled
(Sigma, USA) LPS-Exos and CP/CPPS-A-Exos in DMEM
medium at 37 °C for 0, 1, 2, and 4 h, respectively. The
cells were then washed three times with PBS, fixed with
4% paraformaldehyde, and stained with DiR (MCE, USA)
to label the cell membrane. The nuclei were stained with
DAPI (Invitrogen, USA) following the manufacturer’s
instructions. All images were captured using a confocal
microscope (ZEISS, Germany). To analyze the effects of
exosomes on cells, WPMY-1 cells were seeded in a 6-well
plate at a density of 4x10° cells/well. Once the cells
reached a confluency of 70-80%, they were incubated
with exosomes derived from RWPE-1 cells and prostatic
fluids at a concentration of 40 pg/mL.

miRNA expression profile chip of exosomal miRNA
Exosomes isolated from prostatic fluid samples were
sent to Shanghai Genechem Company and underwent
Affymetrix miRNA 4.0 microarray analysis for miRNA
profiling. The significance thresholds for differentially
expressed miRNA were set at adjusted P value<0.01 and
fold change>2.

Real-time quantitative PCR

Total RNA was extracted from the cells using TRIzol
reagent (Invitrogen, USA). Reverse transcription of miR-
NAs or mRNAs was carried out using the Hairpin-it™
miRNAs RT-PCR Quantitation Kit (Genepharma, China)
or PrimeScript™ RT reagent Kit (TaKaRa, Japan), respec-
tively. The levels of miRNAs and mRNAs were then mea-
sured by using real-time quantitative PCR (qPCR), which
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was performed using SYBR Green dye (TaKaRa, Japan).
The relative expression level of miRNAs or mRNAs was
calculated by normalizing to the level of U6 or GAPDH,
respectively. The relative expression level was computed
using the 2724CT method. The specific primer sequences
used for the qPCR reactions are listed in Table S2 and all
primers were synthesized by Tsingke Biotech Company
(China).

Western blotting assay

Protein extraction was performed by using RIPA lysis
buffer (Beyotime, China). The protein concentration was
determined by using the BCA Protein Assay Reagent
(Beyotime, China). For electrophoresis, 30 pg of protein
was used. The primary antibodies used for the detection
of specific proteins included the following: DUSP5 (sc-
393801, Santa Cruz, USA), ERK1/2 (9102S, CST, USA),
pERK1/2 (4370S, CST, USA), MCP-1 (26161-1-AP, Pro-
teintech, China), GAPDH (60004-1-Ig, Proteintech,
China). HRP-conjugated anti-mouse (SA00001-1) and
anti-rabbit (SA00001-2) IgG secondary antibodies were
purchased from Proteintech. The detection of the anti-
body-protein complexes was performed using the ECL
chemiluminescence kit (Beyotime, China). The image
analysis was performed using Image] (Image] 1.8, NIH,
USA).

ELISA assay

The serum and cell supernatant samples were collected
from rats, mice, and cells, followed by 1,000 rpm for
20 min to isolate the supernatant. The concentration of
MCP-1, IL-6, IL-15 (LiankeBio, China), CXCL1, CCL3,
CCL11, IL-7, IL-17 A, IL-31 (NeoBioscience, China), and
CXCL12 (JianglaiBio, China) were detected by using the
corresponding ELISA kits following the manufacturer’s
instructions.

Prediction of miRNA’s target genes and analysis of KEGG
signaling pathway

Several bioinformatics tools were used to predict the
miRNA target genes of interest. These tools included
TarBase v.8 (http://www.microrna.gr/tarbase), miRDB
(https://mirdb.org/index.html), DIANA (http://diana.
imis.athena-innovation.gr/DianaTools/index.php), and
mirtargetlink2.0  (https://ccb-compute.cs.uni-saarland.
de/mirtargetlink2/). The Kyoto Encyclopedia of Genes
and Genomes (KEGQG) analysis was performed to analyze
miRNA pathway enrichment using DIANA-miRPath v3.0
software. The significance threshold for KEGG analysis
was set at P<0.05.

Dual-luciferase reporter assay
The 3’'UTR full-length cDNA of human DUSP5 was syn-
thesized and cloned into the pmiRGLO luciferase vectors
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as Wild-type DUSP5 (W T), which contained the putative
miR-203a-3p target binding sequence, and one of two
mutated versions (MUT1 or MUT?2) with altered bases in
the binding site respectively (Tsingke, China). Transfec-
tion of these constructs into cells was performed using
Lipofectamine 3000 reagent, following the manufactur-
er’s protocol. Cells were lysed after transfection 48 h, and
luciferase activity was assessed using the Dual-Luciferase
Reporter Assay System (Promega, USA), following the
manufacturer’s instructions. The firefly luciferase activ-
ity was normalized to Renilla luciferase activity for each
sample. The transfection experiments were performed in
triplicate.

Isolation of exosomes from mice prostates

Briefly, the prostate tissues were harvested from normal
C57BL/6 mice (male, 25-30 g). Then, the tissues were cut
into small pieces less than 0.1 cm® and cultured in serum-
free RPMI-1640 culture medium containing collagenase
D and DNase I (Sigma, USA) for 45 min with gentle rota-
tion [23]. After incubation, the supernatant was collected
and filtered through a 70 um filter. The resulting superna-
tant was collected for exosomes as before.

Biodistribution of exosomes in vivo and ex vivo

The in vivo biodistribution study was conducted on nor-
mal C57BL/6 mice (male, 25-30 g). Mice were intrave-
nously injected with 100 pL of PKH67-labeled exosomes
(100 pg) derived from mouse prostate tissues, prostatic
fluids from CP/CPPS-A patients, and healthy adult
males, as well as RWPE-1 cells, respectively. In vivo, fluo-
rescent signals emitted by the exosomes were detected
24 h post-injection employing the AniViewl00 system
(Biolight, China). After imaging, all mice were sacrificed
and major organs including the kidney, heart, liver, lung,
spleen, reproductive system, and prostate were harvested.
The ex vivo fluorescent signals within these organs were
then measured to assess the distribution of the exosomes.
All procedures were conducted under dark conditions.

Preparation and characterization of exosomes loaded with
miR-203a-3p antagomirs

Exosomes were electroporated with miRNAs (Cy5-miR-
203a-3p antagomirs, miR-203a-3p antagomirs, or the
negative controls) purchased from GenePharma, with
target sequences listed in Table S1. The electroporation
was performed at 400 V/125 pF in a 0.4 cm electropora-
tion cuvette (Bio-Rad, USA). The ratio of exosomes to
miRNAs was approximately 3 pg of exosomes to 1 pmol
of miRNAs. After electroporation, any unloaded miR-
NAs that were attached to the surface of the exosomes
were removed by performing another round of exo-
some isolation using the ultracentrifugation method. To
quantify the amount of miR-203a-3p antagomirs that
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were successfully loaded into the exosomes, Cy5-tagged
antagomirs were used. The fluorescent signal of the Cy5-
tagged antagomirs was evaluated using a microplate
reader from Thermo Fisher Scientific.

Flow cytometry

Exosomes were attached to 4 pm aldehyde/sulfate latex
beads (Invitrogen, USA) by mixing 30 pug exosomes with
10 pL beads for 15 min at room temperature with con-
tinuous rotation. Subsequently, the bead-exosomes sus-
pension was diluted to 1 mL PBS and rotated at room
temperature for 30 min. The reaction was stopped by
adding 100 mM glycine and 2% bovine serum albumin
(BSA) (Beyotime, China) in PBS, followed by rotating at
room temperature for 30 min. Exosomes-bound beads
were then washed once in 2% BSA and centrifuged for
1 min at 10,000 rpm. Beads were blocked with 10% BSA
at room temperature for 30 min with rotation, followed
by a second wash in 2% BSA and centrifugation for 1 min
at 10,000 rpm. Subsequently, the beads were incubated
with an Alexa-488-tagged anti-CD9 antibody (312104,
Biolegend, USA) for 30 min at 4 °C with rotation. After
incubation, the beads were centrifuged for 1 min at
10,000 rpm, the supernatant was discarded, and the
beads were washed in 2% BSA and centrifuged for 1 min
at 10,000 rpm. The percentage of positive beads (those
bound to CD9-positive exosomes) was calculated relative
to the total number of beads analyzed per sample (10,000
events).

Analysis of anti-inflammatory efficacy of miR-203a-3p
antagomirs loaded exosomes in vivo

To assess the anti-inflammatory effects of miR-203a-3p
antagomirs loaded exosomes, a mouse model of chronic
prostatitis was established. This was achieved by injecting
3% carrageenan (Sigma, USA) into the ventral lobes of
the prostate gland. Subsequently, the mouse models were
then randomly divided into three groups. Each group
was intravenously injected with 100 pL of one of the fol-
lowing: sterile PBS, exosomes loaded with miR-203a-3p
negative control antagomirs (Exo-antagomirs NC), or
exosomes loaded with miR-203a-3p antagomirs (Exo-
miR-203a-3p antagomirs). These injections were admin-
istered every 3 days, with a total of 3 times injections per
mouse. Additionally, a group of mice without treatment
was designated as the control group. Following the vari-
ous treatment regimens, we collected both serum sample
and prostate from each mouse for further analysis.

Hematoxylin and eosin staining and immunofluorescence

Paraffin sections of rat and mouse prostate (n=3) were
used for hematoxylin and eosin (H&E) staining and
immunofluorescence. Histological scoring of H&E-
stained sections of prostates was assessed by pathologists
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who were blinded to the study. In brief, histological slides
were evaluated by using a 6-point scoring system (Table
S3). For immunofluorescence, MCP-1 (26161-1-AP, Pro-
teintech, China) was used.

Statistical analysis

All statistical analyses were performed using the soft-
ware GraphPad Prism (version 8.00, GraphPad Software
Inc, USA). For comparisons between two data groups,
unpaired t-tests were used. For multi-group data com-
parisons, either one-way or two-way Analysis of Vari-
ance (ANOVA) followed by the Tukey HSD test was
used. One-way ANOVA was used to compare the means
of three or more independent groups, while two-way
ANOVA was used when there were two independent
variables. A P value less than 0.05 was considered sta-
tistically significant. *P<0.05, **P<0.01, ***P<0.001, and
*#*P<0.0001. And with P values greater than or equal to
0.05 (ns=0.05) indicating a lack of statistical significance.

Results

Characterization of exosomes derived from RWPE-1 cells
and prostatic fluids

Exosomes were collected from the prostatic fluid of
both healthy individuals and patients with CP/CPPS-
A, as well as from the PECs (RWPE-1 cells), following
a general protocol (Fig. 1A). TEM revealed that these
exosomes were round-shaped extracellular vesicles sur-
rounded by lipid bilayer membranes (Fig. 1B and C).
NTA results showed that most vesicles had a median
size of 130+11 nm in diameter (Fig. 1D and E). Further-
more, the expression of CD9, CD63, CD81, TSG101, and
HSP70 serving as typical biomarkers for exosomes was
detected by western blotting, while Calnexin (an endo-
plasmic reticulum marker) was not detected (Fig. 1F and
G). ExoELISA Quantification indicated that the number
of exosomes was approximately 2x10'° per 50 ug of pro-
tein (Fig. 1H and I).

Exosomes derived from the prostatic fluid of CP/CPPS-A
patients and epithelial cells promote stromal cell
inflammation

To explore the effect of these exosomes on stromal cell,
PKH67-labeled exosomes were co-cultured with stromal
cell, WPMY-1, which were subsequently labeled using
DiR. Immunofluorescence indicated that both the exo-
somes derived from the prostatic fluid of CP/CPPS-A
patients and those from LPS-stimulated RWPE-1 cells
were taken up by WPMY-1 cells in a time-dependent
manner (Fig. 2A-D). Subsequently, the expression of
inflammatory cytokines was detected by qPCR, and the
cytokines levels in culture media supernatant were mea-
sured by ELISA. The results showed that the expres-
sion and supernatant levels of MCP-1 and CXCL1 were
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Fig. 1 Characterization of exosomes derived from RWPE-1 cells and prostatic fluids. (A) A workflow scheme of exosomes isolated from human PECs
(either basal or stimulated with 100 ng/mL LPS) and prostatic fluids (from either healthy individuals or CP/CPPS-A patients), using the ultracentrifuga-
tion method. (B)-(C) TEM analysis visualizing the morphology of the isolated exosomes, known as NC-Exos, LPS-Exos (from the supernatant of RWPE-1
cells), Normal-Exos, and CP/CPPS-A-Exos (from the prostatic fluids) (Scale bar =100 nm). (D)-(E) NTA analysis demonstrating the particle-size distribution
of the exosomes. (F)-(G) Analysis of western blotting results demonstrating protein markers CD9, CD63, CD81, HSP70, and TSG101 in exosomes derived
from prostatic fluids (F) and in RWPE-1 cells lysate and exosomes derived from RWPE-1 cells (G). The endoplasmic reticulum protein, Calnexin, was used
as a negative marker for exosomes. (H)-(I) Concentration of exosomes extracted from RWPE-1 cells and prostatic fluids using the ExoELISA-ULTRA Com-
plete Kit. Statistical analyses were performed using unpaired t-tests, with P values greater than or equal to 0.05 (ns>0.05) indicating a lack of statistical

significance

significantly elevated, whereas IL-31 and CCL11 were
decreased, in WPMY-1 cells incubated with exosomes
derived from the prostatic fluid of CP/CPPS-A patients,
compared to those from healthy individuals (Fig. 2E and
F). However, the expression of CCL3, CXCL12, IL-6,
IL-7, IL-15, and IL-17A remained unchanged (Fig. S1A
and S1B). Similarly, when WPMY-1 cells were incubated
with exosomes derived from LPS-stimulated RWPE-1
cells, the expression and supernatant levels of MCP-1 and
IL-6 were obviously increased, while the decreased levels
of CCL3, CCL11, and IL-31 were observed, compared
to the expression in non-stimulated (Control) WPMY-1
cells (Fig. 2G and H). The expression of IL-15, CXCL1,
IL-7, CXCL12, and IL-17A also remained unchanged
(Fig. S2A and S2B). These results suggest that prostatic
fluid derived exosomes and LPS-stimulated RWPE-1 cells
derived exosomes may promote WPMY-1 cell inflamma-
tion by increasing MCP-1 expression.

To further identify the impact of exosomes derived
from CP/CPPS-A patients on inflammation in vivo,
male SD rats were injected with equal amounts of either

sterile PBS, exosomes derived from CP/CPPS-A patients,
or exosomes derived from healthy individuals into the
ventral lobe of their prostates. H&E staining revealed
no obvious infiltration of inflammatory cells in male SD
rats injected with PBS or exosomes derived from healthy
individuals. On the contrary, there was a notable increase
in inflammatory cell infiltration in male SD rats injected
with exosomes derived from CP/CPPS-A patients, com-
pared to those injected with exosomes derived from
healthy individuals (Fig. 2I and J). Meanwhile, the expres-
sion level of MCP-1 was significantly elevated in both
serums and prostate tissues of male SD rats injected with
exosomes derived from CP/CPPS-A patients, compared
to those injected with exosomes derived from healthy
individuals (Fig. 2K-M). Similarly, exosomes derived
from LPS-stimulated RWPE-1 cells also led to a signifi-
cant increase in inflammatory cell infiltration, the serum
level of MCP-1, and prostate tissue expression levels of
MCP-1 in male SD rats, compared to those injected
with exosomes derived from non-stimulated (Control)
RWPE-1 cells (Fig. 2N-R). The inflammation score in the
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control group was zero (Fig. 2] and O). Taken together,
these findings suggest that the proinflammatory effect of
exosomes derived from the prostatic fluid of CP/CPPS-A
patients and from LPS-stimulated RWPE-1 cells is closely
related to the upregulation of MCP-1 in stromal cell.

Elevated miR-203a-3p in exosomes promotes stromal cell
inflammation by upregulating MCP-1 expression

Recent researches have shown that exosomal miRNAs
play a significant role in the communication between
cells [16]. Consequently, we initially analyzed the expres-
sion profile of miRNAs in exosomes derived from CP/
CPPS-A patients and healthy individuals using a miRNA
microarray. The results revealed that 17 miRNAs were
upregulated and one miRNA was downregulated, with a

fold change>2.0, in exosomes derived from CP/CPPS-
A patients compared to those from healthy individuals
(Fig. 3A). Among the upregulated miRNAs, we focused
on two miRNAs (let-7f-5p and miR-203a-3p) that exhib-
ited the highest expression levels. However, previous
studies have indicated that let-7f-5p has an anti-inflam-
matory effect in systemic lupus erythematosus [24], while
miR-203a-3p has been shown to exert a proinflammatory
effect [25]. Therefore, we selected miR-203a-3p for fur-
ther investigation. As shown in Fig. 3B, the expression
of miR-203a-3p was significantly elevated in exosomes
derived from the prostatic fluid of CP/CPPS-A patients
compared to those derived from healthy individuals.
Moreover, stimulation with LPS significantly increased
the expression of miR-203a-3p in both RWPE-1 cells
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and in exosomes derived from these cells (Fig. S3A and
S3B). Interestingly, we observed that the expression level
of miR-203a-3p was extremely higher in RWPE-1 cells
compared to that in WPMY-1 cells (Fig. S3C). These
results suggest that elevated expression of miR-203a-3p
in inflammatory prostate epithelial cells leads to miR-
203a-3p enriched in exosomes derived from prostatic flu-
ids of CP/CPPS-A patients.

Subsequently, to elucidate whether miR-203a-3p
upregulation is involved in the inflammatory behaviors of
stromal cell, we examined the effect of miR-203a-3p on
MCP-1 expression in WPMY-1 cells. The results revealed
that miR-203a-3p mimics markedly promoted the mRNA
and protein levels of MCP-1. In contrast, miR-203a-3p
inhibitors exhibited the opposite effects (Fig. S3D-F and
Fig. 3C-F). These results indicate that miR-203a-3p plays
a proinflammatory role in stromal cell. To further explore
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whether exosomal miR-203a-3p derived from CP/CPPS-
A patients could promote inflammation in stromal cell,
we used miR-203a-3p inhibitors to decrease its expres-
sion in WPMY-1 cells and then incubated these cells
with exosomes derived from either the prostatic fluid of
CP/CPPS-A patients or healthy individuals. As shown
in Fig. 3G-], exosomes derived from the prostatic fluid
of CP/CPPS-A patients counteracted the miR-203a-3p
inhibitors-induced decrease in the expression of MCP-1
in WPMY-1 cells and the cell supernatant, while exo-
somes derived from healthy individuals did not cause
any change. These findings suggest that exosomal miR-
203a-3p derived from the prostatic fluid of CP/CPPS-A
patients promotes inflammation in stromal cell by modu-
lating MCP-1 expression.
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DUSP5 is a novel target gene of miR-203a-3p and mediates
miR-203a-3p to promote MCP-1 expression

It is well known that microRNA binds to the 3’'UTR of
the target gene and inhibits its translation, while exo-
somal miR-203a-3p derived from CP/CPPS-A patients
promotes inflammation by upregulating MCP-1 expres-
sion, suggesting that MCP-1 may not be a direct target
gene of miR-203a-3p. To investigate the potential molec-
ular mechanism by which miR-203a-3p promotes inflam-
mation in stromal cell, we predicted the target genes of
miR-203a-3p in TarBase v.8, miRDB, DIANA, and mir-
targetlink2.0. As shown in Figs. 4A, 11 candidate target
genes were predicted in all four databases by Venn dia-
gram analysis (Fig. 4A and Table S4). Moreover, our
miRNA microarray data (Fig. 3A) combined with the
DIANA-mirPath v3 tool showed that miR-203a-3p was
involved in the regulation of the MAPK signaling path-
way, which included 10 genes (Fig. S4A and Table S5).
We then cross-referenced these 10 genes with the 11 can-
didate targets and found that DUSP5 was the only gene
common to both sets (Fig. 4B).

Next, we aimed to confirm whether DUSP5 was a direct
target gene of miR-203a-3p. We observed that the 3'UTR
of DUSP5 mRNA had two binding sites for miR-203a-3p.
Moreover, the mature sequence of miR-203a-3p is highly
conserved across different species according to the miR-
Base database (Fig. S4B). Therefore, we constructed lucif-
erase reporter gene plasmids containing the full length
of the 3'UTR of DUSP5 either the Wild-type binding
site or one of the two mutant binding sites (Fig. 4C).
We found that miR-203a-3p mimics decreased the rela-
tive luciferase activity in WPMY-1 cells transfected with
plasmids containing either the wild-type binding site or
mutant binding site 2. However, it did not affect the rela-
tive luciferase activity in cells transfected with plasmids
containing mutant binding site 1 (Fig. 4D). This suggests
that miR-203a-3p directly targets the binding site 1 of
DUSP5 3'UTR. Furthermore, transfected miR-203a-3p
mimics and miR-203a-3p inhibitors into WPMY-1 cells
did not affect the mRNA expression of DUSP5 (Fig. 4E
and F), while significantly altering the protein expression
of DUSP5 (Fig. 4G, Fig. S5A and 4 H). Collectively, these
results indicated that DUSP5 was a novel target gene of
miR-203a-3p in WPMY-1 cells.

Given that the above bioinformatics analysis showed
that miR-203a-3p was involved in the regulation of the
MAPK signaling pathway, and previous studies have
shown that DUSP5 negatively regulates ERK signaling
in a phosphatase activity-dependent manner [26, 27].
Therefore, we investigated the regulatory effect of miR-
203a-3p on the ERK pathway in WPMY-1 cells. First,
we transfected WPMY-1 cells with overexpressed (OE)-
DUSP5 and si-DUSP5, and the protein levels of ERK1/2,
pERK1/2, and MCP-1 were detected. The results showed
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that pERK1/2 and MCP-1 were significantly inhib-
ited in the overexpressed DUSP5 cells, but no signifi-
cant change was observed in total ERK expression (Fig.
S6A). However, the expression of pERK1/2 and MCP-1
was increased in si-DUSP5 treated cells compared with
that in si-NC treated cells (Fig. S6B). On the contrary,
miR-203a-3p mimics obviously increased pERK1/2 and
MCP-1, but miR-203a-3p inhibitors suppressed ERK
phosphorylation and MCP-1 expression (Fig. 41 and J).
To further identify the role of DUSP5 in miR-203a-3p
promoting ERK phosphorylation and MCP-1 expression,
we overexpressed DUSP5 in miR-203a-3p mimics treated
WPMY-1 cells (Fig. 4K). As shown in Fig. 4L and M, over-
expression of DUSP5 significantly reduced miR-203a-3p-
induced mRNA and protein expression of MCP-1, which
was consistent with the phosphorylation of ERK1/2 and
the protein levels of MCP-1 in WPMY-1 cells (Fig. 4N
and Fig. S5B). These findings suggest that miR-203a-3p
promotes inflammation in stromal cell by regulating the
DUSP5-ERK1/2-MCP-1 signaling pathway.

PECs-derived exosomal miR-203a-3p promotes stromal cell
inflammation via regulating DUSP5-ERK1/2-MCP-1 axis in
vitro

To investigate whether exosomal miR-203a-3p derived
from PECs could regulate the DUSP5-ERK1/2-MCP-1
signaling pathway, miR-203a-3p mimics or inhibitors
were transfected into RWPE-1 cells, exosomes derived
from transfected RWPE-1 cells were collected and the
expression of miR-203a-3p in RWPE-1 cells and in exo-
somes derived from RWPE-1 was detected. qPCR results
showed that miR-203a-3p mimics or inhibitors were suc-
cessfully transferred into RWPE-1 cells (Fig. S7A and
S7B), and miR-203a-3p was also increased in RWPE-1
cell derived exosomes (Fig. 5A). Furthermore, stromal
cell WPMY-1 incubated with exosomes derived from
RWPE-1 cells showed an elevated level of miR-203a-3p
(Fig. 5B). Consistently, the increased mRNA and pro-
tein expression of MCP-1 were observed in WPMY-1
cells, which were co-cultured with exosomes derived
from miR-203a-3p transfected RWPE-1 cells (Fig. 5C
and D). Exosomes containing overexpression of miR-
203a-3p induced ERK1/2 phosphorylation by decreasing
DUSP5 protein expression in WPMY-1 cells (Fig. 5D).
Conversely, inhibition of miR-203a-3p in epithelial
cells resulted in the opposite effects in WPMY-1 cells
(Fig. 5E-H).

To further demonstrate whether epithelial cells derived
exosomal miR-203a-3p under inflammatory condition
promotes stromal cell inflammation, miR-203a-3p inhibi-
tors were used in LPS-stimulated RWPE-1 cells. Then
WPMY-1 cells were incubated with these exosomes. Exo-
somes derived from LPS-stimulated RWPE-1 cells upreg-
ulated miR-203a-3p and MCP-1 expression in WPMY-1
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ANOVA,; P values are indicated on each comparison (**P<0.01, ***P <0.001, and ****P < 0.0001), denoting statistical significance. And with P values greater
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inflammation in stromal cell by regulating the DUSP5-
ERK1/2-MCP-1 axis.

cells, which was compared with exosomes derived from
RWPE-1 cells without LPS-stimulation. However, exo-
somes derived from LPS-stimulated RWPE-1 cells trans-
fected with miR-203a-3p inhibitors remarkably decreased
the expression of miR-203a-3p and MCP-1 (Fig. 5I and
J). Consistent with these results, western blotting analy-

Exosomes derived from PECs effectively deliver miR-
203a-3p antagomirs to the prostate
To detect whether exosomes could serve as a delivery

sis showed corresponding changes in the protein levels
of DUSP5, pERK1/2, and MCP-1 (Fig. 5K). Meanwhile,
we observed that when WPMY-1 cells incubated with
exosomes transfected with miR-203a-3p mimics-Exos,
overexpression of DUSP5 significantly attenuated the
induction effect of miR-203a-3p on MCP-1 expression
(Fig. 5L and M). Moreover, the protein levels of DUSP5
and pEKR1/2 in WPMY-1 cells also changed accord-
ingly (Fig. 5M). These data suggest that exosomal miR-
203a-3p, derived from LPS-stimulated PECs, promotes

system for miR-203a-3p antagomirs to the prostate, we
labeled exosomes derived from CP/CPPS-A patients,
healthy subjects, RWPE-1 cells, and mouse prostatic tis-
sues with PKH67. Upon intravenous administration of
exosomes into C57BL/6 mice, we found that exosomes
could be delivered to the lower abdomen, and the fluo-
rescence intensity of exosomes derived from RWPE-1
cells was significantly higher than that from other sources
(Fig. 6A and B). Interestingly, the fluorescence inten-
sities of RWPE-1 cells derived exosomes in the heart,
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cultured with miR-203a-3p mimics-Exos or controls and then transfected with pEGFP-N1-DUSP5 or a control, measured by gPCR and western blotting,
respectively. Statistical analyses were performed using one-way ANOVA, with P values indicated on each comparison (*P<0.05, **P<0.01, ***P<0.001,
and ****P <0.0001), suggesting statistical significance. And with P values greater than or equal to 0.05 (ns > 0.05) indicating a lack of statistical significance

liver, spleen, lung, and kidney were lower than reproduc-  exosomes (Fig. 6I). These results suggested that the bio-
tive system, especially in the prostate (Fig. 6C-E). These logical function of the exosomes was not affected by elec-
results further demonstrated that RWPE-1 cells derived  troporation. The encapsulation efficiency of Cy5-labeled
exosomes had the ability to target the prostate. miR-203a-3p antagomirs in RWPE-1-derived exosomes,

Subsequently, we loaded miR-203a-3p antagomirs into  as measured by flow cytometry, was found to be 62.7%.
exosomes derived from RWPE-1 cells by using electro- The flow cytometry result of the respective control
poration (Fig. 6F). TEM revealed no significant change was found to be 26.8% (Fig. 6] and Fig. S8). The loading
in the characteristic bowl shape between miR-203a-3p  capacity of miR-203a-3p antagomirs in 10° exosomes
antagomirs-loaded exosomes and control exosomes was determined to be 0.59%+0.04 ug (Fig. 6K). Further-
(Fig. 6G). NTA showed that miR-203a-3p antagomirs- more, the exosomes containing Cy5-labeled miR-203a-3p
loaded exosomes and control exosomes had average antagomirs were taken up by WPMY-1 cells (Fig. 6L).
diameters of 107.0+2.95 nm and 136.2+8.75 nm, respec-  Taken together, these data suggest that exosomes derived
tively (Fig. 6H). CD9, CD63, CD81, TSG101, and HSP70  from RWPE-1 cells could potentially serve as an effective
were present in antagomirs-loaded exosomes, but no Cal-  vehicle for the delivery of miR-203a-3p antagomirs to the
nexin was present in the miR-203a-3p antagomirs-loaded  prostate in vivo.
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Exosomes derived from PECs encapsulating miR-203a-3p
antagomirs alleviate prostatitis in male C57BL/6 mice

To further confirm the therapeutic effects of exo-
somes derived from RWPE-1 cells loaded with miR-
203a-3p antagomirs, the exosomes were administered
to the chronic prostatitis mice by intravenous injection
(Fig. 7A). We found that the exosomes loaded with miR-
203a-3p antagomirs significantly reduced the expres-
sion of miR-203a-3p in the prostate tissues (Fig. 7B)
and extremely reduced the infiltration of inflammatory
cells in prostate tissue (Fig. 7C). Moreover, the serum
levels of MCP-1 were significantly decreased in the exo-
somes loaded with the Exo-miR-203a-3p antagomirs
group compared with the exosomes loaded with the Exo-
antagomirs NC control group (Fig. 7D). Importantly,

immunofluorescence (Fig. 7E) and western blotting
(Fig. 7F) assay confirmed that exosomes loaded with miR-
203a-3p antagomirs downregulated the expression of
MCP-1 in prostate tissue, which was due to that DUSP5
expression was up-regulated by miR-203a-3p antagomirs,
thereby inhibiting the phosphorylation of ERK1/2. Col-
lectively, our data revealed that exosomes loaded with
miR-203a-3p antagomirs could target the prostate and
attenuate inflammation, and the DUSP5-ERK1/2-MCP-1
pathway played an important role in the treatment of
prostatitis with the exosomes, suggesting that this path-
way may be a novel target for CP/CPPS-A therapy.
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Discussion

The mechanism of inflammatory progress in the CP/
CPPS-A patients remains elusive. In this study, we dem-
onstrated that exosomes derived from the prostatic
fluid of CP/CPPS-A patients promoted inflammation
in stromal cell through high levels of miR-203a-3p in
the exosomes. Subsequently, we clarified that the proin-
flammatory mechanism of miR-203a-3p was to promote
MCP-1 expression by regulating the DUSP5-ERK1/2
pathway (Fig. 8). Particularly, we developed miR-203a-3p
antagomirs-loaded exosomes derived from RWPE-1
cells and confirmed their therapeutic effects in a mouse
model of chronic prostatitis. These findings provide new
insights into the pathogenesis of inflammation in CP/
CPPS-A and suggest potential therapeutic strategies for
this condition.

PECs and PSCs are the two major cell types in pros-
tate tissue, each with distinct functions that are essential
for normal prostate function [28]. In CP/CPPS patients,
PECs may change due to inflammation, which disrupts

the epithelial barrier and allows potentially harmful sub-
stances, including bacteria, to penetrate the prostate
tissue [29]. This infiltration could exacerbate the inflam-
mation and pain commonly associated with CP/CPPS.
PSCs provide structural support to the prostate gland and
also produce various signaling molecules that can influ-
ence the behavior of other cells within the prostate [11].
In CP/CPPS, PSCs may contribute to the inflammatory
response and the development of fibrosis (the thickening
and scarring of connective tissue), which contributes to
the symptoms of the disease [7]. However, the commu-
nication between PECs and PSCs in the context of CP/
CPPS-A remains largely unexplored. Our study sheds
light on the role of exosomes derived from the prostatic
fluid of CP/CPPS-A patients in mediating inflamma-
tion in stromal cell. This finding highlights a potential
mechanism of communication between PECs and PSCs,
accumulating data for further understanding the inflam-
matory progression of CP/CPPS-A.
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Exosomes, which serve as a tool for intercellular com-
munication, have been reported to play a critical role in
inflammation. Previous studies have shown that urine
exosomes in CP/CPPS-A patients are closely related to
prostate cancer [30]. However, the specific role of exo-
somes derived from the prostatic fluid of CP/CPPS-A
patients remains largely unclear. Our study showed that
exosomes derived from the prostatic fluid of CP/CPPS-
A patients could mediate inflammation in the stroma of
the prostate, as evidenced by the infiltration of inflam-
matory cells and upregulation of MCP-1 in male SD rats.
This finding underscored the importance of exosomes
in the context of CP/CPPS-A and suggested that their
contents were vital in exerting their biological functions.
Exosomes could carry a variety of molecules, including
proteins, lipids, and nucleic acids, thereby affecting vari-
ous physiological and pathological processes of recipient
cells [31]. Of particular interest is exosomal miRNAs,
which have been shown to play crucial roles in regulating
the biological functions of recipient cells. It is well known
that the function of miRNAs is to post-transcriptionally
regulate the expression of target genes. When packaged
into exosomes, miRNAs can be transferred from one cell
to another, effectively altering the function and behavior
of the recipient cells [32]. In this study, we examined the
miRNA expression profile in the prostatic fluid of CP/
CPPS-A patients by using a miRNA microarray, revealing
that miR-203a-3p was the most significantly upregulated
miRNA. This finding suggested that miR-203a-3p could
be a key player in the pathogenesis of CP/CPPS-A and

further highlighted the importance of exosomal miRNAs
in the processes of diseases.

Previous studies have confirmed that miR-203a-3p
is involved in the inflammatory process of several dis-
eases. For example, miR-203a is involved in HBx-induced
inflammation by targeting Rapla [33]. However, our
results showed that the expression of miR-203a-3p was
lower in stromal cell, but was highly expressed in exo-
somes derived from the prostatic fluid of CP/CPPS-A
patients and LPS-stimulated epithelial cells. The inflam-
matory progress of stromal cell was derived by exosomal
miR-203a-3p. Moreover, the homology of miR-203a-3p
across humans, rats, and mice indicates that the biologi-
cal functions of exosomal miR-203a-3p, whether derived
from patient samples or RWPE-1 cells, may be conserved
across different species. Therefore, the findings from our
SD rat model and C57BL/6 mouse model could poten-
tially apply to human cases of CP/CPPS-A.

DUSP5 is a member of proteins known as dual-speci-
ficity phosphatases (DUSPs), which are enzymes that can
remove phosphate groups from both tyrosine and serine/
threonine residues on other proteins [34]. DUSP5 is par-
ticularly important in regulating the activity of mitogen-
activated protein kinases (M APKs), which are involved in
transmitting signals from the cell surface to the DNA in
the cell nucleus [35]. Previous studies have demonstrated
that DUSP5 is particularly important in regulating the
activity of mitogen-activated protein kinases (MAPKs),
which can specifically inactivate the key protein of MAPK
pathway ERK1/2 [36]. Moreover, activated ERK1/2 can
induce the production of proinflammatory cytokines
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and chemokines, which can recruit immune cells to the
prostate and exacerbate inflammation [37, 38]. Our find-
ings revealed that exosomal miR-203a-3p, derived from
the prostatic fluid of CP/CPPS-A patients and inflam-
matory PECs, directly targeted DUSP5 and reduced the
protein level of DUSP5, subsequently promoting stromal
cell inflammation by activating ERK1/2 phosphorylation
and MCP-1 expression. It also indicates that the DUSP5-
ERK1/2 pathway plays an important role in stromal cell
inflammation induced by exosomal miR-203a-3p.

Interestingly, consistent with the fact that exosomes can
be used as drug delivery systems [39-42], we discovered
that exosomes derived from RWPE-1 cells could serve as
an effective delivery system for miR-203a-3p antagomirs
in a mouse model of chronic prostatitis. Moreover, we
confirmed that exosomes derived from RWPE-1 cells
have an optimal targeting ability for the prostate, com-
pared with exosomes derived from mouse prostate tis-
sues, the prostatic fluid of CP/CPPS-A patients, and
the prostatic fluid of healthy individuals. This specific-
ity could be attributed to the fact that exosomes derived
from RWPE-1 cells were more purified compared to oth-
ers. The other samples, such as those from mouse pros-
tate tissues and the prostatic fluid of both CP/CPPS-A
patients and healthy individuals, contain multiple types
of cells, which could result in a more heterogeneous pop-
ulation of exosomes. However, it is not yet clear whether
exosomes derived from RWPE-1 cells can be used as a
viable drug delivery system for CP/CPPS-A patients. Fur-
ther research is needed to determine its effectiveness.

Overall, our study sheds light on the molecular mecha-
nisms underlying CP/CPPS-A associated inflammation
process and suggests a promising approach for the devel-
opment of targeted therapies. These findings have the
potential to benefit individuals suffering from this chal-
lenging condition by providing new avenues for treat-
ment and management.
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