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Tumoral periprostatic adipose tissue
exovesicles-derived miR-20a-5p requlates
prostate cancer cell proliferation

and inflammation through the RORA gene
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Abstract

Background From the first steps of prostate cancer (PCa) initiation, tumours are in contact with the most-proximal
adipose tissue called periprostatic adipose tissue (PPAT). Extracellular vesicles are important carriers of non-coding
RNA such as miRNAs that are crucial for cellular communication. The secretion of extracellular vesicles by PPAT may
play a key role in the interactions between adipocytes and tumour. Analysing the PPAT exovesicles (EVs) derived-
miRNA content can be of great relevance for understanding tumour progression and aggressiveness.

Methods A total of 24 samples of human PPAT and 17 samples of perivesical adipose tissue (PVAT) were used. EVs
were characterized by western blot and transmission electron microscopy (TEM), and uptake by PCa cells was verified
by confocal microscopy. PPAT and PVAT explants were cultured overnight, EVs were isolated, and miRNA content
expression profile was analysed. Pathway and functional enrichment analyses were performed seeking potential
miRNA targets. In vitro functional studies were evaluated using PCa cells lines, miRNA inhibitors and target gene
silencers.

Results Western blot and TEM revealed the characteristics of EVs derived from PPAT (PPAT-EVs) samples. The EVs were
up taken and found in the cytoplasm of PCa cells. Nine miRNAs were differentially expressed between PPAT and PVAT
samples. The RORA gene (RAR Related Orphan Receptor A) was identified as a common target of 9 miRNA-regulated
pathways. In vitro functional analysis revealed that the RORA gene was regulated by PPAT-EVs-derived miRNAs and
was found to be implicated in cell proliferation and inflammation.
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Conclusion Tumour periprostatic adipose tissue is linked to PCa tumour aggressiveness and could be envisaged for

new therapeutic strategies.

Keywords Periprostatic adipose tissue, Exovesicles, miRNAs, Prostate cancer, RORA gene

Background

Prostate cancer (PCa) is the second leading cause of
cancer-related death in most Western countries [1]. Its
incidence has increased markedly since the 1990s due to
the use of the prostate-specific antigen (PSA) test, eating
habits and, aging [2]. PCa often develops slowly and ini-
tially remains confined to the prostate, causing minimal
harm. However, aggressive forms can spread to bones
and lymph nodes, leading to significant morbidity and
mortality [3]. A central challenge in the management
of PCa is discriminating between indolent and aggres-
sive disease. Thus, early detection of PCa is important to
guide treatment strategies [4]. Research in this area aims
to enhance patient outcomes through a better under-
standing of the molecular mechanisms underlying PCa
progression.

The biology of solid tumours should be analysed con-
sidering the tumour microenvironment (TME) [5].
TME is composed of stromal cells, including fibroblasts,
immune cells, endothelial cells, and extracellular matrix
cells [5]. However, since many cancers develop in the
vicinity of adipose tissue (AT), peritumoral adipose tis-
sue, and its associated adipocytes have already been
reported to play a role in tumour initiation, progression,
and drug resistance [6].

Periprostatic adipose tissue (PPAT) is the fatty tissue
surrounding the prostate gland. The thickness of this
fat depot, measured by magnetic resonance [7] or ultra-
sonography [8] was initially proposed as an aggressive-
ness marker for PCa. The first molecular indications that
PPAT could condition the progression of PCa came from
in vitro experiments using media from ex vivo PPAT
cultures applied to PCa cell lines. In these experiments,
changes in cell migration behaviour were observed [9],
and molecules such as chemokine CCL7 (C-C Motif
Chemokine Ligand 7) secreted by PPAT-adipocytes
were demonstrated to stimulate the migration of tumour
cells expressing CCR3 (CCL7 chemokine receptor) [10].
Other molecules such as IL-6 (Interleukin 6), Leptin
[11], MMP-9 (Matrix Metallopeptidase 9) [9] and TGF«a
(Transforming Growth Factor alpha) [12] have also been
reported to be highly expressed by PPAT and implicated
in PCa progression [13]. Regarding PCa treatment, it has
been demonstrated that PPAT can affect the response to
DCTX (docetaxel) treatment by upregulating the expres-
sion of BCL-X] (B-cell lymphoma extra-large), BCL-2
(B-cell lymphoma 2), and TUBB2B (B-tubulin isoform
2B). AG1024, a well-known IGF-1 (Insulin Like Growth

Factor 1) receptor inhibitor, counteracts the decreased
response to DCTX [14].

In addition, PCa cells have been shown to uptake
metabolites secreted by PPAT, such as fatty acids, and
used them as an energy source [15]. Ex vivo co-cul-
ture experiments using explants of PPAT and PCa cells
reinforced the role of PPAT in aggravating tumour
aggressiveness, as the expression of adhesion and prolif-
erative-related genes (MMP-9 and TWIST1 (Twist Fam-
ily BHLH Transcription Factor 1), lipid uptake, and lipid
accumulation were increased in co-cultured PCa cells
[15].

PPAT can communicate with the TME through EVs
which are considered to play an important role in cell-
to-cell communication. These EVs are broadly classified
into apoptotic bodies, exosomes, and microvesicles [16].
Although the average size of EVs subtypes is different,
their size range overlaps, and current EV-isolation meth-
ods do not allow accurate separation of the EV subtypes.
Therefore the operative terms for EV subtypes recom-
mended by the International Society for Extracellular
Vesicles (ISEV) [16] refer to a physical characteristic of
EVs, such as size like: “small EVs” < 100 nm or <200 nm
and “medium/large EVs” > 200 nm [17].

EVs facilitate the transfer of bioactive molecules: pro-
teins, lipids, and nucleic acids, including miRNAs, a
small non-coding RNA molecule that can regulate gene
expression at the post-transcriptional level through deg-
radation or repression and shows long-term stability in
circulation [18].

Peritumoral adipose tissue derived-EVs have been
demonstrated to modulate the acquisition and main-
tenance of cancer hallmark traits in melanoma [19] or
breast cancer [20]. For instance, preadipocyte-secreted
EVs that contain miR-140 have been shown to enhance
breast tumorigenesis by regulating differentiation, and
migration [21]. In ovarian cancer, miR-124-3p mesenchy-
mal stem cell-derived EVs is a critical factor for inducing
anti-proliferation signalling [22].

Thus, given that the presence of PPAT can favour
tumour aggressiveness by mechanisms not yet fully char-
acterized, we performed a human PPAT-derived EVs
(PPAT-EVs) analysis concerning miRNA-cargo composi-
tion because this information may provide an opportu-
nity to understand PCa progression better and may help
to identify new molecular targets.
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Methods

Patient recruitment and adipose tissue collection

Fresh AT samples were obtained from n=25 patients
laparoscopically assisted with a Da Vinci robot surgery at
the Joan XXIII University Hospital of Tarragona (Spain).
Once the anterior surface of the prostate was surgically
exposed, 1-2 g of the surrounding fat tissue (PPAT)
from n=24 patients was removed for further process-
ing. A non-tumorous extraperitoneal AT sample (1-2 g)
(PVAT) was also removed during surgery from n=17
patients. Fat samples were immediately washed twice
in 1x PBS and used for in vitro explant culture experi-
ments. Written informed consent before their inclusion
in the study was provided by all patients. The study was
approved by our local ethics committee and conducted
following the provisions of the Declaration of Helsinki
(Biomedical Research Law 14/2007, Royal Decree of Bio-
banks 1716/2011, Organic Law 15/1999 of September
13 Protection of Personal Data). Patients were stratified
based on the International Society of Urological Pathol-
ogy (ISUP) consensus conference on Gleason grad-
ing of prostatic carcinoma [23] as low-risk (ISUP I and
II) and high-risk (ISUP III, IV, and V). Clinical param-
eters, tumour aggressiveness, and metabolic status of
all patients were documented (Additional File 1: Table
S1 and S2). All methods were approved and performed
according to the guidelines and regulations of the Ethi-
cal Committee for Clinical Research (CEIm) from Pere
Virgili Research Institute (CEIM205/2020). The inclusion
criteria for patients were as follows: older than 18 years,
diagnosed with PCa by prostate biopsy at our centre or
any other centre, and treated by radical prostatectomy at
our centre. Exclusion criteria were patients with a previ-
ous history of cancer, patients older than 75 years, and
those who had received any previous treatment before
radical prostatectomy for PCa.

Adipose tissue explant culture

PPAT and PVAT explants were washed twice with 1x PBS
supplemented with 1x antibiotic-antimycotic solution
(Gibco, Fisher Scientific, Madrid, Spain) and 5 pg/mL
Plasmocin (Invivogen, IBIAN Technologies, Zaragoza,
Spain). Then, samples were centrifuged (280xg, 2 min,
22°C) to eliminate any remaining blood cells. Approxi-
mately 1-2 g of PPAT or PVAT explants were dissected
into pieces and plated in 12 well-plates (~4—6 pieces of
4 mm per well) with M199 medium supplemented with
Foetal Bovine Serum (FBS) EVs-depleted (Gibco, Fischer
Scientific S.L., Madrid, Spain), 25 mM HEPES (Gibco,
Fischer Scientific S.L., Madrid, Spain), 1x antibiotic-anti-
mycotic solution (Gibco, Fischer Scientific S.L., Madrid,
Spain) and 5 pg/mL Plasmocin (Invivogen, Zaragoza,
Spain). Explants were cultured in a humidified 5% CO,
atmosphere at 37 °C for 24 h. Conditioned culture media
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was then collected, filtered to exclude particles larger
than 0.8 um (Sartorius Minisart™ NML, Fischer Scientific
S.L., Madrid, Spain), and frozen at -80°C until EVs were
isolated.

Transmission electron microscopy (TEM)

Isolated EVs were placed on carbon-coated copper grids
(200 mesh) and incubated in osmium tetroxide vapor for
15 min. Images were collected using a JEOL 1011 trans-
mission electron microscope (Jeol, Tokyo, Japan) operat-
ing at 80 kV with a Megaview III camera (Olympus Soft
Imaging Solutions GmbH, Munster, Germany).

EVs uptake

PCa cells were seeded overnight in an 8-well Millicell®
EZ Chamber Slide (Sigma-Aldrich, Barcelona, Spain)
at a density of 40.000 cells/cm?® Subsequently, cells
were depleted overnight. The PPAT-EVs were labelled
with PKH67 Green Fluorescent Cell Linker Kit (Sigma
Aldrich, Saint Louis, MO, USA) as indicated by the man-
ufacturer’s protocol. Cells were incubated with 20 pg/ml
of PKH-67-labeled EVs at 37 °C for 1 h in a humidified
5% CO, atmosphere. Conditioned M199 medium with
FBS EVs-depleted was used as a negative control. After
EVs treatment, cells were washed twice with 1x PBS and
fixed in 3,7% (w/v) Paraformaldehyde for 1 h at room
temperature. Fixed cells were washed three times with
ice-cold PBS and permeabilized with 0,1% Triton X-100
for 10 min at room temperature. Then, cells were washed
again three times with ice-cold 1x PBS and mounted
using a coverslip with DAPI (Ibidi Mounting Medium,
Planegg, Germany) to stain the cell nucleus. The images
were recorded on the Leica TCS SP5 laser scanning spec-
tral confocal microscope (Leica Microsystems Heidel-
berg) and further processed by FIJI (http://fiji.sc/) and
Photoshop software.

Extraction of EVs-derived miRNAs from adipose tissue
explants and qRT-PCR profiling

ExoRNeasy Serum/Plasma Maxi Kit (Qiagen, Bionova,
Barcelona, Spain) was used to isolate EVs from 16 mL
of explant culture media from 4 ISUP high-risk patients
matched for age: 4 PPAT samples and their paired PVAT
samples. Subsequently, miRNAs from the obtained EVs
were extracted using the ExoRNeasy Serum/Plasma Maxi
Kit (Part II: Isolation of RNA) (Qiagen, Bionova, Barce-
lona, Spain). miRCURY LNA Universal RT microRNA
PCR, Polyadenylation, and cDNA Synthesis Kit (Qia-
gen, Bionova, Barcelona, Spain) was used for reverse
transcription. The miRNA profile contained in EVs was
characterized by Quantitive Real Time Polymerase
chain reaction (QRT-PCR) using ExILENT SYBR Green
Master Mix in the miRCURY LNA miRNA miRNome
PCR Panel, Human Panel I+II, V5 (Qiagen, Bionova,
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Barcelona, Spain) that includes 752 human cancer-related
mature miRNAs, according to the user’s protocol on a
7900HT Fast qRT-PCR System (Applied Biosystems, Fos-
ter City, CA, USA). Fluorescence readings and miRNA
expression recordings were performed using SDS 2.3
software (Applied Biosystems, Foster City, CA, USA)
and raw microarray data were extracted by Design and
Analysis Software v.2.6.0 (DA2) (Applied Biosystems).
Analysis of raw microarray qRT-PCR data was performed
by Geneglobe Data Analysis Software (https://geneglobe.
qiagen.com/us/analyze). The data was normalised using
UniSp3 miRNA values to eliminate inter-microarray
plate differences. A cycle threshold (C;) cut-off of <35
was applied. C values for each sample were normalized
to the arithmetic mean of 4 miRNAs (hsa-miR-423-5p,
hsa-miR-103a-3p, hsa-miR-191-5p, and hsa-miR-16-5p)
that showed no differences between studied groups [24].
The resulting value is known as ACy sample. A calibra-
tor (a sample made by mixing several AT samples) was
included for the comparison of the different groups.
Thus, each miRNA, regardless of the condition, was nor-
malized to the AC; of the calibrator sample (AAC;=AC
sample -AC; calibrator). The fold change expression of
each miRNA was calculated with the formula 2742€T,
miRNAs with p-value<0.05 and C < 35 and, expression
values>1.8-fold or < -1.8-fold were considered for fur-
ther validation analysis. Selected miRNAs were further
validated in =24 samples of low-risk (ISUP Group I and
II) and high-risk (ISUP Group III, IV, and V) PPAT and
n=17 PVAT samples.

In silico EVs-derived miRNAs target analysis, pathway, and
functional enrichment prediction

miRNet (https://www.mirnet.ca) was used to predict
miRNA targets. Potentially altered pathways related to
the targets were analysed using the Reactome database
(https://reactome.org). The STRING database (https://
string-db.org) was used to predict protein-protein inter-
action networks and to perform functional enrichment
analysis. The STarMir web service (publicly available at:
https://sfold.wadsworth.org/cgi-bin/starmirb.pl) was
used to predict miRNA binding sites on selected target
genes in the 3’'UTR-seed region using the human model
based cross-linked immunoprecipitation prediction
model. For each of the miRNA-seed sites, STarMir pro-
vides the logistic probability of miRNA: hybrid target
prediction, thus, miRNAs with >1 interactions were con-
sidered for further analysis [25].

In silico evaluation of RORA and selected miRNAs
expression

The expression of RORA gene and the expression of
selected miRNAs were evaluated in 52 non-pathogenic
prostate tissue (NPP) and human prostate tumour tissue
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(PTT) using the data collected from the Cancer Genome
Atlas Prostate Adenocarcinoma Prostate Cancer Data-
base (TCGA-PRAD) supported by the CancerMIRNome
database (publicly available at: http://bioinfo.jialab-ucr.
org/CancerMIRNome/) (Additional File 1: Table S3).
CancerMIRNome database, enables interactive analysis
and visualization of miRNA expression profiles based on
33 cancer types from the TCGA, making it a useful tool
to identify novel dysregulated miRNAs for cancer diag-
nosis or prognosis. Clinical data from samples was also
downloaded from the TCGA-PRAD Data Portal.

Paraffined PCa tissue RNA extraction

RNA was extracted from 6 slices of 5 uM/slice (1 cm?)
formalin-fixed paraffin-embedded (FFPE) of NPP and
PTT. The n=32 paraffin-embedded samples (Additional
File 1: Table S4) were obtained from the Pathology Unit
at Hospital Joan XXIII in Tarragona. The extraction was
performed using the MagMAX FFPE DNA/RNA Ultra
Kit (Applied Biosystems) according to the manufacturer’s
protocol.

In vitro PCa cell experiment: transfection with miRNA
inhibitors and gene silencer

The androgen-sensitive PCa cell line (22Rv1) and the his-
tologically normal prostate epithelial cell line (RWPE-1)
were purchased from Sigma-Aldrich (Barcelona, Spain).
22Rv1 cells were cultured in RPMI 1640 medium (Merck
KGaA, Darmstadt, Germany). RWPE-1 cells were cul-
tured in keratinocyte serum-free medium, containing
5 pg/mL bovine pituitary extract and 5 ng/mL recom-
binant human epidermal growth factor (Gibco, Fischer
Scientific S.L., Madrid, Spain). Cell cultures were supple-
mented with 10% FBS, 1% penicillin/streptomycin, and
5 pg/mL Plasmocin® (Invivogen, Zaragoza, Spain).

For transfection with miRNA inhibitors, 22Rv1 cells
were seeded in 12-well or 6-well plates at 49.429 cells/
cm? for RNA or protein analysis, respectively. Twenty-
four hours later, the medium was removed, and cells were
transfected with 5, and 15 nM miRNA inhibitors (hsa-
miR-20a-5p miRCURY LNA miRNA Power Inhibitor
(i20a-5p), and hsa-miR-106b-5p miRCURY LNA miRNA
Power Inhibitor (i106b-5p), using Lipofectamine 2000,
P3000 reagent, and Optimem (Thermo Fisher, Madrid,
Spain) according to the manufacturer’s protocol.

For gene silencing assays, 22Rv1 cells were seeded in
24-well plates at 47.897 cells/cm? density. After 24 h, the
medium was removed, and the cells were transfected
with 10, 25, and 50 nM of the RORA small interfer-
ing RNA against all isoforms (siRORA: Silencer Select
Pre-designed siRNA RORA; 512103, Ambion, Thermo
Fisher), using Lipofectamine 2000 and Optimem. A nega-
tive control inhibitor (iNC: Negative control A miRCURY
LNA miRNA Power Inhibitor Control; Qiagen, Madrid,
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Spain) and a non-target control small interfering RNA
(siNC: Silencer®Select Negative Control siRNA; Ambion,
Thermo Fisher) were used for comparative analyses.

Cells were collected after 24 h of transfection for RNA
analysis or after 48 h for protein analysis.

Gene and miRNAs expression analysis in cell extracts
Total RNA was isolated from PCa cells using RNeasy
Mini Kit (Qiagen, Bionova, Barcelona, Spain).

For gene expression, cDNA was synthesized from total
RNA using the High-Capacity cDNA reverse transcrip-
tion kit (Applied Biosystems, Foster City, CA, USA). qRT-
PCR was performed on a QuantStudio 7 Pro (Thermo
Fisher Scientific, Massachusetts, USA) using TagMan
Universal PCR Master Mix Fast Advanced (Applied
Biosystems, Fisher Scientific S.L., Madrid, Spain) and
the following TagMan assays: RORA (covers all 4 iso-
forms) (Hs00536545_m1) and TNF-a (Tumor Necrosis
Factor; hs99999043_m1). The thermal cycle conditions
were: 50°C for 2 min (Uracil-N glycosylase activation),
95°C for 2 min (Polymerase activation), and 40 cycles of
95°C for 1 s (denaturation) and 60°C for 20 s (annealing/
extension). Raw data were extracted by DA2 software. In
the paraffin samples, C; values for RORA gene expres-
sion were normalized to the expression of 2 housekeep-
ing genes: UBA52 (Hs02835948 ml) (Ubiquitin A-52
Residue Ribosomal Protein Fusion Product 1) and B2M
(Hs00187842_m1) (Beta-2-Microglobulin) [26, 27], while
in PCa cell lines, C values for the RORA gene expression
were normalized to PPIA (Hs99999904_m1) (Peptidylp-
rolyl Isomerase A) as housekeeping.

For miRNA expression, the miRCURY LNA Universal
RT microRNA PCR, Polyadenylation, and ¢cDNA Syn-
thesis Kit (Qiagen, Bionova, Barcelona, Spain) was used
for reverse transcription. qRT-PCR was performed on
a QuantStudio 7 Pro (Thermo Fisher Scientific, Mas-
sachusetts, USA) using ExiLENT SYBR Green Master
Mix (Qiagen, Bionova, Barcelona, Spain), and the fol-
lowing TagMan assays were used: hsa-miR-20a-5p,
hsa-miR-106b-5p, hsa-miR-93-5p, and hsa-miR-17-5p.
Hsa-miR-423-5, hsa-miR-103a-3p, hsa-miR-191-5p,
and hsa-miR-16-5p expressions were used to normalize
Cr miRNA values. The thermal cycle conditions were:
95°C for 2 min (Polymerase activation), 40 cycles of 95°C
for 10 s (denaturation), and 60°C for 1 min (annealing/
extension).

All results were analysed using the comparative C
method (2724Y) and the data were expressed as an n-fold
difference relative to a calibrator sample.

Western blotting

The concentrated EVs and homogenised 22Rvl cells
were ultrasonicated 3 times during 1 min at a frequency
of 50 kHz with a UP 200s Ultraschallprozessor sonic
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processor (Hielscher Ultrasonics GmbH, Germany).
Total protein was quantified using the Pierce™ BCA Pro-
tein Assay Kit (Thermo Fisher, Rockford, IL, USA).

EVs surface molecules characterization

10 ug of protein isolated from PPAT-EVs, as well as,
10 pg of extract from human adipocyte cells, were resus-
pended in reducing sample buffer, boiled for 5 min at
95°C, loaded on 4-15% SDS-PAGE gels, and immu-
noblotted with polyclonal rabbit antibodies against
EXOAB-CD9A1, EXOAB-CD81A-1, EXOAB-CD63A-1,
EXOABHsp70A-1, EXOAB-TSG101-1 (System Biology,
Palo Alto, CA, USA) and with mouse monoclonal anti-
body for a-tubulin (Invitrogen, Thermo Fisher Scientific)
at 1/1000 dilution. HRP-conjugated goat anti-mouse or
anti-rabbit (both from Pierce, Thermo Fisher Scientific)
were used as secondary antibodies at 1/500 dilution.

RORA protein analysis

25 pg of protein from 22Rv1 cells was electrophoresed
on a 10% SDS-PAGE and transferred onto nitrocellulose
membranes, blocked, and incubated with Anti-RORA
mouse monoclonal antibody (sc-518,081; Santa Cruz,
Spain) at 1/500 dilution and Anti-B-Actin mouse mono-
clonal antibody (clone AC-74; Sigma-Aldrich, Germany)
at 1/1500 dilution. The purified Goat anti-Mouse IgG
(H+L) HRP-Conjugate was used as a secondary antibody
(Pierce/Thermo Fisher) at 1/2000 dilution.

In both cases, chemiluminescent western blot detec-
tion was developed with SuperSignal West Femto che-
miluminescent substrate (Pierce Biotechnology, Boston,
MA, USA) except for B-actin, which was developed with
West Pico (Pierce Biotechnology). Images were quanti-
fied with VersaDoc Imaging System using Quantity One
software (Bio-Rad, Barcelona, Spain) following the man-
ufacturer’s instructions, and normalized to the amount
of B-actin and a-tubulin for RORA protein analysis, and
EVs characterization respectively.

Cell proliferation assay

Cell proliferation was determined using the Cell Count-
ing Kit-8 (CCK-8) (Sigma-Aldrich, Madrid, Spain). 22Rv1
cells were seeded at 26.316 cells/cm? on 24-well plates
and incubated for 24 h. Cells were then transfected with
15 nM miRNA inhibitors (i106b-5p or i-20a-5p) and/
or 50 nM siRORA, as commented above. iNC and siNC
were included as controls. Cell viability was measured
at 24, 48, 72, and 96 h. At each time point, the culture
medium was discarded, and 500 pl of fresh culture media
was added, mixed with 50 pl of the CCK-8 reagent, and
incubated at 37°C for 2 hours. The media was then col-
lected, and the absorbance was measured at a wave-
length of 450 nm using a multi-mode microplate reader
(BioTek).
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Statistical analysis

For the pilot miRNAS microarray study, sample size was
calculated following the Mdanderson bioinformatic soft-
ware (https://bioinformatics.mdanderson.org/Micro-
arraySampleSize/). Briefly, based on the measurement
of 752 miRNAs, considering 50 false positives, 2-fold-
change differences between sample groups, a standard
deviation of 0.5, and an estimated power analysis of 0.9,
the minimum sample size required was calculated to be 4
patients in each group.

For miRNA and gene validation analysis in paraffin
samples, the sample size was calculated using G*Power
3.1.9.7. Assuming a change of 2-fold between groups and
similar group variances, with an average power>90% and
a false discovery rate of 5%, a minimum of 19 patients
was calculated to be needed in each group. The normal-
ity of the anthropometric and clinical variables was anal-
ysed with the Shapiro-Wilk test. The data is shown as the
median with an interquartile range.

Clinical variables with non-normal distributions are
reported as medians and interquartile ranges. To com-
pare miRNA expression levels between PVAT (n=17) and
PPAT (n=24) samples, only 16 samples were matched
pairs from the same patients. Given the absence of a pre-
and-post intervention effect, paired data analysis was
deemed inappropriate. Therefore, the Mann-Whitney U
test was employed to assess differences between the two
patient groups.

In vitro experimental results are presented as the mean
and standard error of the mean (SEM) of 3—-4 indepen-
dent experiments. Differences were tested with the
unpaired two-tailed Student’s t-test. Statistical analy-
ses were performed using the Statistical Package for the
Social Sciences, version 22 (SPSS, Chicago, IL). Graph-
Pad Prism 7.0 was used for the box plot representation.

Results
EVs from peritumoral adipose tissue are actively
internalized by PCa cells
To investigate whether EVs are secreted by PPAT and
play a role in the communication with PCa cells, we puri-
fied small/medium sized EVs from the supernatant of
PPAT explants after overnight culture (Additional File 1:
Table S1 and S2). Isolated EVs were observed under TEM
and showed the characteristics of small EVs, with a typi-
cal appearance and diameter ranging from 30 to 200 nm
(Fig. 1A). Enrichment for EVs marker CD9, CD81, and
the absence of the cell-specific marker tubulin was dem-
onstrated by Western blot (Fig. 1B). The detailed results
of immunoblotting are shown in Additional File 2: Figure
S1.

To examine if 22Rvl PCa cells might be targets of
PPAT-EVs, a lipid-associating fluorescent dye, PKH67,
was used to label EVs preparations and then incubated
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with PCa cells. EVs uptake was observed 1 h after treat-
ment and was found to accumulate in PCa cells over time
(Fig. 1C). Collectively, we showed that PPAT cells secrete
EVs, which are actively incorporated in vitro by PCa cells.

EVs derived from human PPAT revealed a unique miRNA
profile
We searched the miRNA contained in EVs to find epi-
genetic regulators of PCa progression. The miRNA-pro-
file search was divided into two phases: the initial pilot
phase using AT from 4 PCa patients (Additional File 1:
Table S1) and the validation phase using AT from 25
PCa patients (Additional File 1: Table S2). Thus, we first
analysed miRNA expression from PPAT-EVs and PVAT-
derived EVs (PVAT-EVs) samples using a qRT-PCR array
of 752 miRNA target onco-miRNAs (Additional File 3:
Raw data pilot study). Ten miRNAs were differentially
expressed in PPAT-EVs vs. PVAT-EVs (p-value<0.05,
Cr < 35 and expression values>1.8-fold or < -1.8-fold):
hsa-miR-18a-5p, hsa-miR-20a-5p, hsa-miR-363-3p,
hsa-miR-18b-5p, hsa-miR-15a-5p, hsa-miR-93-5p, hsa-
miR-17-5p, hsa-miR-15b-5p, hsa-miR-106a-5p, and
hsa-miR-106b-5p. Moreover, the hsa-miR-126-3p with
p<0.1 was also selected because it met the require-
ments. Hence, these eleven selected miRNAs were fur-
ther validated using a larger sample size (Additional
File 1: Table S2). Analysis of the expression patterns of
these eleven selected miRNAs revealed significant dif-
ferences in 8 of them: hsa-miR-17-5p, hsa-miR-126-3p,
hsa-miR-18b-5p, hsa-miR-20a-5p, hsa-miR-93-5p, hsa-
miR-363-3p, hsa-miR-106b-5p, and hsa-miR-18a-5p
when comparing PVAT-EVs vs. PPAT-EVs, and hsa-miR-
106a-5p (p=0.006) was close to significance (Fig. 2) (see
C values in Additional File 3: Raw data validation study).
When comparing the miRNA content of PVAT-EVs in
terms of risk, the following miRNAs were up-regulated
in low-risk PPAT-EVs: hsa-miR-17-5p, hsa-miR-126-3p,
hsa-miR-18b-5p, hsa-miR-20a-5p, hsa-miR-93-5p, hsa-
miR-363-3p, hsa-miR-106b-5p, and hsa-miR-18a-5p.
While when comparing PVAT and high-risk PPAT-EVs,
hsa miR-106b-5p was found significantly reduced. Hsa-
miR-18a-5p was the only differentially expressed between
PPAT-low risk vs. PPAT-high risk. No significant differ-
ences were detected for hsa-miR-106a-5p (Fig. 2).
Differences were observed when samples were segre-
gated by ISUP grade. Between ISUP II and PVAT-EVs,
significant differences were found for hsa-miR-17-5p,
hsa-miR-126-3p, hsa-miR-18b-5p, hsa-miR-93-5p, and
hsa-miR-18a-5p. Between ISUP I and PVAT-EVs, sig-
nificant differences were observed for hsa-miR-18b-5p
and hsa-miR-18a-5p. Additionally, between ISUP III
and PVAT-EVs, significant differences were found for
hsa-miR-106b-5p and hsa-miR-93-5p. No significant
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Fig. 1 Characterization of isolated EVs. A Analysis of isolated extracellular vesicles (EVs) by transmission electron microscopy at different magnifications.
B Western blot image of protein extracts prepared from isolated PPAT-derived EVs (PPAT-EV) and total adipocyte cell extract; tested with the following an-
tibodies: CD9, CD81, CD63, HSP70,TSG101, and tubulin. (The uncropped Western Blot image is available in Additional File 2: Figure S1). C PPAT-EVs (20 ug/
ml) uptake by PCa cells captured by confocal spectral microscope. PKH67 (green dye) labelled PPAT-EVs and DAPI (blue dye) labelled the cellular nucleus

differences were found among the different ISUP grades
(Additional File 4: Figure S2).

RAR related orphan receptor A (RORA) gene is a common

target of the putatively deregulated EVs-derived miRNAs

To better understand the function and mechanism of
deregulated PPAT-EVs-derived miRNA in gene func-
tion, we searched for putative miRNA-target interac-
tions using miRNet analysis software. The program was
directed to identify target genes according to miRTarBase
v8.0 and TarBase v8.0. After evaluating the 9 deregulated

miRNAs, the software found that this combination
was involved in the post-transcriptional regulation of
4 putative key genes: RORA and 3 Zinc Finger Proteins
(ZNF134, ZNF217 and ZNF264) (Fig. 3A). Based on
this, we used Reactome software to examine the signal-
ling pathways in which these genes might be engaged.
Interestingly, we observed that the RORA gene was con-
sistently identified in most of the most significant deregu-
lated pathways (Fig. 3B), selecting this gene as a common
target of the putatively deregulated PPAT-EVs-derived
miRNAs. By analysing the STRING protein-protein
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Fig. 2 EVs-derived miRNAs are differentially expressed in PPAT from patients with prostate cancer. Box plots showing median, quartiles, and extreme
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interaction data base, we searched for its putative protein
interaction network. The STRING search results showed
10 putative proteins with interaction scores between
0.9 and 1 that the model considered to be true. The 10
proteins were mainly related to cell growth (KATS5,
STAT3), differentiation, inflammation, and apoptosis
(BCL6), T cell differentiation (BATF), hypoxia, angiogen-
esis, and tumour metastasis (HIF1A), and circadian cycle
(ARNTL, Basic Helix-Loop-Helix ARNT Like 1; NRIP1,
Nuclear Receptor Interacting Protein 1; NPAS2, Neu-
ronal PAS Domain Protein 2; CLOCK, Clock Circadian
Regulator) (Fig. 3C and Additional File 5: Figure S3). We
then checked the prediction of the deregulated miRNAs
binding sites in the RORA gene using the STarMir web
server. Binding sites for 8/9 miRNAs were detected in all
4 RORA gene variants, but no binding was uploaded for
miR-363-3p. This is shown in Fig. 3D as the sum of all
logistic probability of binding (LogitProb) of all 4 RORA
gene variants in the 3'UTR seed region of each miRNA
(see detail binding sites in Additional File 6: Figure S4).

Thus, hsa-miR-20a-5p, hsa-miR-106b-5p, hsa-miR-
93-5p, and hsa-miR-17-5p were selected as the most rel-
evant regulatory miRNAs of the RORA gene according to
the best LogitProb obtained and considering the different
expression patterns of miRNA content in PPAT- EVs and
PVAT- EVs.

Expression of RORA gene and putatively regulating
miRNAs in PCa human samples

The expression levels of the RORA gene and the
expression levels of the most relevant miRNAs (hsa-
miR-20a-5p, hsa-miR-106b-5p, hsa-miR-93-5p, and
hsa-miR-17-5p) were uploaded from prostate tumour tis-
sues (PTT) and non-pathogenic prostate tissues (NPP)
obtained in the CancerMIRNome database (http://bio-
info.jialab-ucr.org/CancerMIRNome/).

Anthropometric and clinical characteristics from the
CancerMIRNome patient database are shown in Addi-
tional File 1: Table S3. Paired samples of PTT and NPP
tissue from 52 selected patients were retrieved from the
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Fig. 3 Gene-target and protein pathway regulatory networks of the selected miRNA. In silico analysis. A miRNet analysis showing that RORA, ZNF134,
ZNF217 and ZNF264 genes were identified as common target of the putative miRNA-regulated pathways according to miRTarBase v8.0 and TarBase v8.0.
B Reactome pathway analysis displaying the significant pathways connecting target genes of the dysregulated miRNAs. Legend. Total genes implicated:
number of genes annotated in the Reactome; Hits: Number of genes resulting from the miRNet analysis involved in the corresponding pathway; Genes:

Genes involved. C RORA protein-protein interacting network performed

by STRING analysis. Network representing protein-protein associations (blue

interactions are known from curated databases, pink is known experimentally determined, green is text mining and black are co-expression) (See Ad-
ditional File 5: Figure S3 for more detailed information of each protein in the node). D Table illustrating the logistic probabilities of RORA-miRNA binding
for each RORA gene variant (See Additional File é: Figure S4 for more detailed information of each miRNA seed-gene binding site)

PRAD (Prostate Adenocarcinoma) project included in
the TCGA. When analysing RORA gene expression in
the selected samples, significantly lower expression levels
were observed in PTT samples compared to NPP tissue.
This reduction in the RORA gene expression was evident
when comparing NPP to both PTT-low-risk and PTT-
high-risk samples (Fig. 4A). However, no differences were
observed in RORA gene expression levels between low
and high-risk PTT (Fig. 4A). Interestingly, our analysis
of the expression of selected miRNAs (hsa-miR-20a-5p,
hsa-miR-106b-5p, hsa-miR-93-5p, and hsa-miR-17-5p)
in 52 paired CancerMIRNome samples revealed that the
expression patterns in NPP vs. PTT tissues closely mir-
rored those observed in PVAT-EVs vs. PPAT-EVs samples
(Fig. 4A).

We then validated the in-silico results obtained from
CancerMIRNome for the RORA gene expression and
selected miRNAs in 32 paraffined tissue samples from
PCa patients (Additional File 1: Table S4). The results
confirmed the down-regulation of the RORA gene
expression levels in PTT compared to paired NPP tis-
sue. Regarding miRNA expression, the upregulation of
hsa-miR-20a-5p, hsa-miR-106b-5p, and hsa-miR-93-5p

was corroborated when comparing NPP to PTT, NPP
to PTT-low-risk, and NPP to PTT-high-risk. However,
no significant differences were detected between NPP
and PTT-high-risk for hsa-miR-20a-5p. Additionally, no
differences were observed for hsa-miR-17-5p across the
sample comparisons (Fig. 4B).

RORA is a target gene of hsa-miR-20a-5p and hsa-miR-
106-5p

To investigate whether hsa-miR-20a-5p, hsa-miR-
106b-5p, hsa-miR-93-5p, and hsa-miR-17-5p target the
RORA gene, we utilized the RWPE-1 cell line as a control,
representing healthy prostate epithelial cells. Addition-
ally, we used the 22Rv1 cell line, an androgen-sensitive
PCa cell model, which closely mimics the in vivo condi-
tions of our samples. This selection is pivotal, as all our
PPAT samples are derived from androgen-sensitive
tumours, thereby ensuring an accurate replication of
the relevant biological context. First, we checked RORA
gene expression in both cell lines, and we found that it
was significantly down-regulated in the 22Rv1 PCa cell
line compared to the control RWPE-1 cell line (Fig. 5A).
Then, we analysed the expression levels of hsa-miR
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Fig. 5 hsa-miR-20a-5p and hsa-miR-106b-5p regulate the RORA gene and protein expression in PCa cells. A Study of RORA and B miRNAs expression
in histologically normal prostate epithelial cell line (RWPE-1) and the androgen-sensitive PCa cell line (22-Rv1). C RORA gene expression levels in 22Rv1
transfected with siRORA, miR-20a-5p inhibitor (i20a-5p) or miR-106b-5p inhibitor (i106b-5p) and co-transfected with siRORA and either i20a-5p or i106-5p.
D RORA protein expression in 22Rv1 cells transfected with i20a-5p or i106b-5p inhibitor. A representative Western blot is presented (top). The membranes
were tested with the corresponding antibodies. Expression levels were normalized to 3-actin, then miRNAs expression levels were normalized to negative
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20a-5p, hsa-miR-106b-5p, hsa-miR-93-5p, and hsa-miR-
17-5p in both cell lines. Expressions of hsa-miR 20a-5p
and hsa-miR-106b-5p were found to be significantly
upregulated in the 22Rv1 cell line compared to RWPE-1
cell line, whereas no significant differences were observed
for hsa-miR-93-5p (Fig. 5B). The expression of hsa-miR-
17-5p showed very high Ct values (>37) and was consid-
ered not expressed.

We then selected the 22Rv1 cell line and the signifi-
cantly up-regulated miRNAs (hsa-miR-20a-5p and hsa-
miR-106b-5p) (Fig. 5B) to validate our in-silico findings
that suggest a link between these miRNAs and RORA
gene expression regulation. To evaluate this hypothesis,
using an effective dose of gene silencer (50 nM), we found
that RORA gene expression was significantly decreased
(Additional File 7: Figure S5A). Then, we transiently
inhibited hsa-miR 20a-5p (i20a-5p) and hsa-miR-106b-5p
(i106b-5p) using an effective miRNA inhibitor dose (15
nM) (Additional File 7: Figure S5B) and we detected a
significant upregulation of RORA mRNA expression
(Fig. 5C). Moreover, to further evaluate the role of these
miRNAs in RORA mRNA expression, we inhibited RORA
gene (siRORA) and hsa-miR-20a-5p/hsa-miR106b-5p
simultaneously; and we found that when RORA gene
and hsa-miR-20a-5p were simultaneously inhibited
(i20a-5p+siRORA), RORA gene expression significantly
decreased compared with cells treated with iNC+siNC
pointing out that hsa-miR-20a-5p may have a modula-
tory role over RORA gene expression. Simultaneous
inhibition of the RORA gene and hsa-miR-106-5p (i106b-
5p+siRORA) also show a significant effect as compared
to control iNC+siNC. Similar data was obtained on
RORA protein expression when i106b-5p was used, but
only a trend (p=0.17) was observed for i20a-5p (Fig. 5D)
(western blot details can be found in Additional File 8:
Figure S6). No protein expression was detected when
the RORA gene was silenced or when both RORA gene
and hsa-miR-20a-5p/hsa-miR106b-5p were co-inhibited
simultaneously.

RORA gene inhibits inflammation and proliferation in PCa
cells through hsa-miR-20a-5p

To investigate whether PPAT-EVs derived miRNAs,
hsa-miR-106b-5p and hsa-miR-20a-5p, could regulate
inflammation and proliferation in the 22Rvl PCa cell
line by targeting RORA gene, we silenced simultaneously
and individually RORA gene expression and hsa-miR-
106b-5p/hsa-miR-20a-5p correspondingly (Fig. 6).

The effect of hsa-miR-20a-5p and hsa-miR-106-5p on
PCa cell proliferation through RORA gene was evalu-
ated (Additional File 9: Figure S7). First, we observed
that silencing the RORA gene with siRORA, induced a
significantly increased 22Rv1 cell proliferation (Fig. 6A).
Then, we inhibited hsa-miR-20a-5p, and a decrease in
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cell proliferation was observed, while hsa-miR-106b-5p
inhibition did not affect cell proliferation (Fig. 6B).
When we simultaneously inhibited the RORA gene and
hsa-miR-20a-5p (siRORA+i20a-5p), cell proliferation
was partially increased, indicating that hsa-miR-20a-5p
regulates PCa cell proliferation through the RORA gene
(Fig. 6C). Inhibition of the RORA gene and hsa-miR-
106b-5p (i106b-5p+siRORA) did not show any effect on
22Rv1cell proliferation (Fig. 6C).

RORA gene silencing resulted in increased TNF-a
mRNA gene expression, which was decreased when
hsa-miR-106b-5p and hsa-miR-20a-5p were inhibited
(Fig. 6D). The hsa-miR-20a-5p inhibition (i20a-5p) had a
higher reduced expression effect on TNF-a mRNA levels,
although no significant differences were observed when
comparing the inhibitory effect on TNF-a between hsa-
miR-106b-5p and hsa-miR-20a-5p (Fig. 6D). Interestingly,
when the RORA gene expression and hsa-miR-20a-5p
were inhibited simultaneously (i20a-5p+siRORA), TNF-
a mRNA expression was partially rescued (Fig. 6D), while
no compensatory effect was observed when hsa-miR-
106b-5p and the RORA gene were silenced simultane-
ously (1106b-5p+siRORA) (Fig. 6D).

Discussion

Trafficking of EVs in the TME has been found to be
altered during cancer progression [28]. In this micro-
environment, PPAT-EVs have been demonstrated to
modulate cancer features [19, 20], partly driven by their
miRNA contents; an issue scarcely investigated in the
context of PCa AT microenvironment. Therefore, in this
study, we evaluated, for the first time to our knowledge,
the involvement of miRNAs contained in EVs secreted
by human PPAT in the progression and aggressiveness of
PCa tumour.

We used a battery of tests to ensure that the isolated
miRNAs originated from PPAT- EVs, including protein
expression of EVs surface markers, as recommended by
the ISEV [29], and size characterization, which revealed
uniformity in size distribution.

Microarray analysis identified 9 differentially expressed
miRNAs derived from PPAT-EVs compared to those
miRNAs derived from PVAT-EVs samples (hsa-miR-
17-5p, -126-3p, -18b-5p, -20a-5p, -93-5p, -363-3p,
-106b-5p, -18a-5p, and —106a-5p). Remarkably, all miR-
NAs were significantly more abundant in the PPAT-EVs
samples than in the PVAT-EVs samples. Interestingly,
when PPAT-EVs were analysed based on PCa aggressive-
ness, no differences were observed in miRNA content
between low-risk and high-risk PPAT-EVs. However,
miRNA expression in low-risk PPAT-EVs was signifi-
cantly higher compared to PVAT-EVs, a difference that
was not observed when comparing high-risk PPAT-EVs
to PVAT-EVs. The higher expression of these miRNAs in
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low-risk PPAT-EVs, especially in lower ISUP grades, may
indicate an active suppression of tumour progression by
these miRNAs. As the tumour becomes more aggres-
sive (higher ISUP grades), it might down-regulate these
miRNAs to evade their suppressive effects. Overall, this
observation reinforces the impact of the tumour on its
microenvironment, and particularly the effect of peri-
tumoral AT, as suggested in other types of tumours like
breast [30].

The miRNA network analysis of selected PPAT-EVs
miRNAs identified four potential shared target genes:
RAR Related Orphan Receptor A (RORA) and three
Zinc Finger Proteins (ZNF134, ZNF217, and ZNF264).
In addition, pathway enrichment analysis identified the
RORA gene as a common denominator of all the puta-
tively deregulated pathways. The RORA gene or also
called NR1F1 (nuclear receptor subfamily 1, group F
member 1) is a transcription factor that plays a criti-
cal role in the regulation of various biological processes,
including circadian rhythm, metabolism, and inflamma-
tion [31]. Recent studies have suggested that RORA may
also be involved in PCa progression [32], even a RORA
polymorphism rs17191414 has been associated with PCa
risk, however, this data needs to be validated in other
cohorts [33].

RORA gene is composed of 15 exons, located in the
middle of chromosome 15q22.2. As endogenous ligands,
cholesterol and derivatives have been appointed [31, 34].
This gene is generated by splicing, giving rise to four iso-
forms (a1 to a4) in humans that differ in the N-terminal
region [35-37]. Variant 1 (al) is expressed in healthy
breast, brain, prostate, liver, and ovarian tissue. In the
prostate, the main variants found are al and a4 [38].

Our results demonstrated that the most relevant PPAT-
EV deregulated miRNAs (hsa-miR20a-5p, -106b-5p, -93-
5p, and —17-5p), selected according to the best logistic
seed binding probability and by their expression patterns
in PPAT- EVs, can all bind to the 4 RORA variants in the
3UTR region. Furthermore, their expression levels were
upregulated in PCa tissue samples compared to non-
pathogenic prostate tissue samples, as retrieved from
the CancerMIRNome database, and corroborated by our
cohort of paraffin embedded PCa samples. The expres-
sion patterns of hsa-miR-20a-5p and hsa-miR-106b-5p
were also replicated in the 22Rv1 cancer cell line, show-
ing higher expression than in the healthy RWPE-1 cell
line. Additionally, RORA gene expression was reduced
in prostate tumour tissues, and in PCa cells compared
to normal tissue or healthy prostate cells, a feature con-
firmed by other authors [38].

Given these findings, we conducted further in vitro
experiments to explore the miRNA regulatory effect
on the RORA gene in the 22Rv1l PCa cell line. This cell
line was chosen to accurately replicate the effects of the
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PPAT-EVs within a relevant biological context, as all
our PPAT samples originate from androgen-sensitive
tumours, and 22Rv1 cells derive from a primary prostate
tumour and possess the androgen receptor. Using inhibi-
tors of two deregulated miRNAs (hsa-miR-20a-5p and
hsa-miR-106b-5p), we observed an increase in mRNA
and protein levels of RORA in the androgen-sensitive
22Rv1 PCa cell line. Additionally, we observed a reduc-
tion in cell viability of the 22Rv1 cell line when using the
hsa-miR-20a-5p inhibitor (i20a-5p). This reduction was
partially rescued when the RORA gene was silenced, indi-
cating that RORA gene expression is epigenetically regu-
lated by hsa-miR-20a-5p, thus reducing the proliferative
capacity of tumour cells. The involvement of the RORA
gene in proliferation was further evidenced by the up-
regulation of hsa-miR-1290 in PCa cell lines [39].

RORA gene expression has been associated with
decreased proliferation and invasion because it inhibits
the Wnt/B-catenin pathway, preventing the transforma-
tion and progression of some types of cancer, such as
breast cancer [31] and negatively regulates genes such as
c-jun, c-myc and cyclin D1 [36]. RORA’s pathway action
can be through direct binding to DNA: canonical path-
way; or by coupling to other molecules involved in the
Wnt or p53 pathway: a non-canonical pathway [31, 40].
RORal variant has been demonstrated to have anti-pro-
liferative activity, also affecting cell cycle progression in
the DU145 androgen-dependent PCa cell line (by modu-
lating p21 and cyclin A) as well as inhibiting the conver-
sion of fatty acids into 5-5-Hydroxyeicosatetraenoic acid
(responsible for the proliferative effect) [41].

RORA has been described as a negative regulator of
the inflammatory response in several processes [42—44].
Thus, RORA expression has also been associated with
anti-inflammatory capacity in primary human aortic cells
[44] a finding consistent with the fact that its deletion
confers pro-inflammatory characteristics by polarizing
macrophages to M1 type [31, 42]. Moreover, RORA has
been shown to decrease inflammation in breast cancer
cells by inhibiting reactive oxygen species-mediated cyto-
kine expression [45]. However, the better-known pathway
by which RORA negatively regulates the inflammatory
processes is via NF-kB (Nuclear Factor Kappa B Subunit
1) signalling pathway, involving the inhibition of TNF-«
(Tumor Necrosis Factor alpha) [46, 47]. In the PCa
context, we found that hsa-miR-20a-5p and hsa-miR-
106b-5p may reduce inflammation by targeting RORA
gene through regulation of TNF-a expression. In fact, we
demonstrated that RORA gene silencing increases TNF-
a gene expression, pointing out that RORA is regulating
TNF-a gene expression. Interestingly, when hsa-miR-
20a-5p and hsa-miR-106b-5p were inhibited, TNF-a gene
expression was decreased, indicating that both miRNAs
were involved in TNF-a gene regulation. However, only
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simultaneous co-inhibition of the hsa-miR-20a-5p and
siRORA gene rescued TNF-a gene expression. Thus, this
finding is in concordance with those observed in prolif-
eration, suggesting for the first time to our knowledge
that hsa-miR-20a-5p is involved in regulating prolifera-
tion and inflammation through targeting RORA gene in
the 22Rv1 PCa cell line.

Conclusions

We have identified deregulated miRNAs contained in
EVs secreted by PPAT that target RORA gene, which has
a role in the proliferation and inflammation of PCa cells,
reinforcing the implications of PPAT in PCa aggressive-
ness, and revealing its potential for the development of
new therapeutic strategies.
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