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Introduction Exosomes contain nucleic acids and proteins inside of them. These are suggested as cell-
-cell communication materials and it is considered that they can modulate the status of other cells.
Material and methods To understand the bladder cancer (BC) related exosomal microRNAs (miRNAs),
we compared the 752 urine exosomal miRNAs in healthy control (n = 7), low grade (LG) BC (n = 6) and
high grade (HG) BC (n = 6) by RT-qPCR.

Results The differential expressing (DE) urine exosomal miRNAs (2 > fold regulation) were 96 and 78

in LG and HG, respectively. Our exosomal miRNAs profiles cover many miRNAs which have been reported
in BC patients’ tissues and other biofluids. Most DE exosomal miRNAs were up-regulated in the profiles.
Seven up-regulated exosomal miRNAs in the LG group (miR-28-5p, miR-16-5p, miR-28-3p, miR-24-3p,
mMiR-25-3p, miR-19b-3p and miR10b-5p) and 3 miRNAs in the HG group (miR-150-5p, miR-28-5p and
miR28-3p) were found as directly TP53 targeting. Twenty-two and 18 PTEN targeting miRNAs were ob-
served in up-regulated miRNAs of LG and HG. The target genes of these exosomal miRNAs and their
interaction network predicted that the TP53 is the strongest hub gene in both BC groups exosomal
miRNA networks. Several DE miRNAs were found that could potentially be used as biomarkers for the
diagnosis of BC.

Conclusions Profiles of urinal exosomal miRNAs derived from BC manifested potentially epigenetic regu-
lation of the TP53 and PTEN genes as compared to other oncogenes and tumour suppressors.

INTRODUCTION

Bladder cancer (BC) is a prevalent global concern,
ranking as the tenth most common cancer, and
it is often diagnosed in advanced stages, contrib-
uting to high mortality rates [1, 2]. Existing di-
agnostic and follow-up methods, both noninva-
sive gold standards and invasive procedures like
cystoscopy, have limitations, necessitating the
search for new diagnostic markers [3]. Exosomal
microRNAs (exomiRs) are potential candidates
to improve the diagnosis of BC.
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A recent study emphasised the crucial role of the
tumour microenvironment (TME) in tumour devel-
opment. The TME comprises not only tumour cells
but also elements of the extracellular matrix and
non-malignant cells [4]. Exosomes, small extracel-
lular vesicles, play a pivotal role in TME signalling.
Produced by various cells, including tumour cells,
exosomes carry biologically active cargo molecules,
such as proteins, transcription factors, mRNAs,
and microRNAs (miRNAs) [4, 5], which are small,
non-coding RNAs involved in post-transcriptional
gene regulation [6].
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MiRNAs play a significant role in tumorigenesis
by binding to target mRNAs, leading to the degra-
dation of the target mRNA or inhibiting its trans-
lation [6, 7]. Compared to mRNAs, miRNAs exhibit
stability in various samples, including urine [8-10],
making them potential diagnostic markers. Aber-
rant miRNA expression in cancer tissues has been
reported, and the presence of these miRNAs in urine
suggests a potential reflection of cancer cell miRNA
composition [11, 12]. The shared environment of uri-
nary bladder cells through urine implies communi-
cation through exosomes, contributing to heteroge-
neity and oncotransformation [13, 14].

To improve our understanding of the cell-to-cell
communication of bladder cells in patients with low-
grade (LG) and high-grade BC (HG) and the possible
impact of the urine exomiRs on the oncotransfor-
mation of normal cells, profiles of differentially ex-
pressed urine exomiRs were analysed. Striking dif-
ferences in miRNA cargo between BC and control
groups were identified. These differences could be
further exploited as a tumour biomarker for further
diagnostics. Such a biomarker would not only be able
to increase sensitivity and specificity compared to
the currently available, inferior methods, but also al-
low an understanding of the tumour type, providing
a wider view compared to a biopsy from a single site,
thus providing timely and appropriate treatment.

MATERIAL AND METHODS

Between 2019 and 2021, freshly voided urine sam-
ples were prospectively collected from patients
with BC and controls at Pauls Stradins Univer-
sity Hospital. Urine was collected before perform-
ing transurethral resection of bladder (TURB).
Collected urine samples were centrifuged within
24 hours of collection at 3.0 rcf (4.4 rpm) for
5 minutes and 30 seconds at room temperature and
then separated into supernatant that was stored
at —-80°C until use. Patients were stratified into
3 groups: group 1 with histologically proven Ta
or T1 low-grade tumour (n = 6), group 2 with T2
high-grade tumour (n = 6), and group 3 — a control
group (n = 7). Patients were staged and graded ac-
cording to TNM classification and WHO criteria.

Inclusion and exclusion criteria

The study included patients over the age of 50 years
with pathohistologically proven primary or recurrent
bladder tumour, who underwent TURB or cystec-
tomy and had available medical records. In patients
who did not have pathohistologically confirmed BC,
a urine sample was not analysed, and they were

excluded from the study. Patients with high-grade,
non-muscle-invasive BC (NMIBC) and low-grade,
muscle-invasive BC (MIBC) were not included in
the analysis. The control group comprised patients
of matched age, with no history of prior oncology,
urine analysis without signs of inflammation or in-
fection, and no clinically significant changes in blood
tests. Patients with incomplete data in the medical
records, history of other current oncological disease
or previous upper urinary tract cancer, diabetes mel-
litus, autoimmune diseases, inflammation, and in-
fections except for urinary tract infection in the case
of BC were excluded from the study.

Exosome isolation and RT-qPCR

Exosome isolation prior to miRNA isolation was per-
formed in accordance with the protocol by miRCRURY
Exosome Cell/Urine/CSF Kit (Qiagen, Hilden, Ger-
many, Cat. No./ID: 76743). The urine samples were
thawed on ice and re-centrifuged for 10 min at 10.000 g
at room temperature to remove residual cell debris.
Subsequently, the exosomes were isolated from 1960 ul
of urine supernatant divided into 2 tubes. Further
miRNeasy Mini Kit (Qiagen, Hilden, Germany, Cat.
No./ID: 17004) was used for miRNA and total RNA
isolation from urine exosomes according to the manu-
facturer’s protocol. Each sample was spiked with syn-
thetic UniSp2, UniSp4, UniSp5 RNA mix (Qiagen,
USA, Cat.No./ID: 339390), and purified RNA was elut-
ed once in 50 ul of RNase-free water. The MiRCURY
LNA RT Kit (Qiagen, USA, Cat.No./ID: 339340) was
used for reverse transcription and polyadenylation
of miRNA to ¢cDNA according to the manufacturer's
instructions. We used 4 ul of RNA template instead
of 2 ul, then incubated at 42°C for 60 min and 95°C
for 5 min, and then held at 4°C. Incubation was per-
formed with a peqSTAR thermal cycler.

For reverse transcription, miRCURY LNA miRNA
PCR Starter Kit (Qiagen, USA, Cat. No. /ID: 339320)
and miRCURY LNA SYBR Green PCR Kit (Qiagen,
USA, Cat. No. / ID: 339347) were used. Predesigned
MiRCURY LNA miRNA miRNome PCR Panels (Qia-
gen, USA, Cat. No./ID: 339322) were used for miRNA
identification. RT-qPCR data using the miRNA pan-
el was processed with Applied Biosystems® ViiA™ 7
Real-Time PCR according to the manufacturer’s pro-
tocol. Automatic threshold and baseline were used
for all the miRNAs to record the CT value.

RT-gPCR data analysis
For further data analysis of miRNA panels, mi-

RCURY miRNA PCR Data Analysis v1.0 was used.
Data normalisation was carried out using a global
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mean normalisation method. The p-values of dif-
ferences in miRNA expression levels between con-
trols and cancers were calculated based on a Stu-
dent’s t-test of the replicate 2" (-ACT) values for
each miRNA in the control group and cancer group.
The p-value calculation used is based on a paramet-
ric, two-sample equal variance, unpaired, and two-
tailed distribution calculation. GeNorm, which is an
embedded module of miRCURY miRNA PCR Data
Analysis v1, was used for the identification of inter-
nal control miRNAs with expression levels correlat-
ing with the global mean CT values, and that most
resemble the mean CT value.

The differentially expressed miRNAs in LG and HG
were compared with the control group and were
filtered by the condition of the fold exchange and
p-values.

Sample size calculation for miRNA panels to iden-
tify differentially releasing miRNAs in urine was
performed using the referenced article [15]. Statisti-
cal power was set 90% to detect two-fold difference
in 700 miRNAs. A 0.05 significance level was deter-
mined. The calculated minimal sample size is 5 vs. 5.
All raw data are available upon request via the fol-
lowing link: https://doi.org/10.48510/FK2/MQ8K26.

MIiIRNA target analysis and pathway analysis

The list of the statistically significant differential-
ly expressed miRNAs were applied to the miEAA
(https://ccb-compute2.cs.uni-saarland.de/mieaa2/)
[16] for miRNA enrichment analysis. The result was
filtered by the FDR and picked up the subcategories
with the top 5 highest number of observed miRNAs.
Prediction of the miRNA targets was performed
by miRTargetLink 2.0 (https://ccb-compute.cs.uni-

Table 1. Clinical-pathological parameters of the study cohorts

Study groups
Variable Control LG HG
(n=7) (n=6) (n=6)
Age (years)
Median 66 71.5 71.5
Range 53-81 50-78 61-86
Sex
Male 6 6 2
Female 1 0 4
Pathological stage
<pT1 - 6 0
>pT2 - 0 6
Grade
LG - 6 0
HG - 0 6

HG — high grade; LG — low grade

saarland.de/mirtargetlink2) [17]. The interaction
of predicted targets was analysed by STRING (https://
string-db.org/) [18]. The hub genes were analysed by
CytoNCA and CytoHubba, which are plugins of Cy-
toscape [19] with the network centrality of degree,
betweenness, closeness and eigenvector (CytoNCA),
and EPC, MCC, MNC, and stress (CytoHubba).

Bioethical standards

The study was conducted in accordance with the
Declaration of Helsinki and approved by the Central
Medical Ethics Committee of Latvia (Nr.1/19-02-12)
on 12.02.2019. All patients involved in the study
signed an informed consent form.

RESULTS

Patient groups

This study was performed to identify miRNAs
of interest in the urinary exomes of bladder cancer
patients. Twelve patients were identified in blad-
der cancer groups (LG group 6 men, median age
71.5 years old vs. HG group 2 men, 4 women, me-
dian age 71.5 years old) and 6 patients in the healthy
control group (6 men and 1 woman, median age
66 years old). For a more detailed view of the cohorts,
see Table 1.

Differentially expressed urine exosome miRNAs
in bladder cancer patients

After comparison of the overall profiles of exomiRs
in cancer patients’ urine samples, differentially

Number of differentially expressing miRNA

|Fold Regulation| > 2

|Fold Regulation| > 5

Figure 1. Number of differentially expressed miRNA in low-
grade and high-grade groups.
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Table 2. Differentially expressed urine exosomal miRNAs

and corresponding target genes in low grade bladder cancer

patients group
miRNA regzcl):tj'ion p-value Target gene
Up-regulated
has-miR-21-3p 14.25 0.016 PTEN
has-miR-324-5p 12.24 0.007
has-miR-31-3p 11.27 0.018
has-miR-30b-3p 8.57 0.001
has-miR-188-5p 8.50 0.034
has-miR-769-5p 8.15 0.033
has-miR-132-3p 7.55 0.040 EGFR
has-miR-628-3p 7.30 0.004
has-miR-126-3p 5.62 0.003 AKT1
has-miR-221-3p 5.62 0.028 PTEN
has-miR-455-3p 5.51 0.005
has-miR-34a-3p 5.42 0.007 AKT1, CTNNB1, MYC
has-let-7f-2-3p 5.37 0.047
has-miR-28-5p 5.30 0.039 TP53
has-miR-210-3p 5.29 0030
has-miR-20a-3p 5.11 0.011 PTEN, MYC
has-miR-10b-3p 5.01 0.043
has-miR-196b-3p 4.94 0.005
has-miR-652-3p 4.84 0.018
has-miR-582-5p 473 0.036
has-miR-15b-5p 4.64 0.010
has-miR-27b-3p 4.49 0.034
has-miR-29a-5p 4.39 0.018
has-miR-193b-5p 4.36 0.019
has-miR-301a-3p 4.36 0.033 PTEN
has-miR-450a-5p 4.35 0.018
has-miR-29¢-5p 4.34 0.025
has-miR-135b-5p 4.33 0.037
has-miR-21-5p 4.32 0.018 PTEN, EGFR
has-miR-152-3p 4.18 0.017 PTEN
has-miR-16-5p 4.05 0.012 TP53
has-miR-200a-5p 3.99 0.037 PTEN, CTNNB1
has-miR-320b 3.94 0.002
has-miR-151a-3p 3.90 0.009
has-miR-20b-3p 3.87 0.012
has-miR-18a-5p 3.82 0.009 PTEN
has-miR-425-5p 3.82 0.009 PTEN
has-miR-148b-3p 3.78 0.034
has-miR-31-5p 3.75 0.036
has-miR-15a-5p 3.74 0.027
has-miR-129-5p 3.73 0.049
has-miR-27a-3p 3.71 0.015
has-miR-376c-3p 3.71 0.018
has-miR-101-3p 3.67 0.022
has-miR-197-3p 3.65 0.039
has-let-7e-3p 3.46 0.015
has-miR-24-2-5p 3.46 0.049
has-miR-181a-3p 3.45 0.044
has-miR-664a-3p 3.44 0.007
has-miR-106b-3p 3.30 0.043 PTEN
has-miR-23a-3p 3.28 0.006
has-miR-331-3p 3.24 0.044
has-miR-185-5p 3.23 0.027 AKT1
has-miR-99b-5p 3.18 0.026
has-miR-28-3p 3.17 0.007 TP53
has-miR-501-3p 3.16 0.018
has-miR-191-5p 3.12 0.004
has-miR-502-3p 3.04 0.024
has-miR-151a-5p 3.00 0.011
has-miR-378a-3p 2.99 0.004
has-miR-200a-3p 2.97 0.034 PTEN, CTNNB1,
has-miR-324-3p 2.97 0.037 EGFR
has-miR-532-3p 2.93 0.022

miRNA regll::l):iion p-value Target gene
has-miR-500a 2.80 0.045
has-miR-222-3p 2.80 0.050 PTEN
has-miR-141-3p 2.62 0.011 PTEN
has-miR-24-3p 2.61 0.045 TP53, MYC
has-miR-19a-3p 2.60 0.024 PTEN
has-miR-22-3p 2.59 0.017 AKT1
has-miR-25-3p 2.59 0.028 TP53
has-miR-200c-3p 2.55 0.014 PTEN
has-miR-200b-3p 2.54 0.013
has-miR-125a-5p 2.51 0.050 AKT1
has-miR-320c 2.50 0032
has-miR-423-5p 2.50 0.037
has-miR-33a-5p 2.48 0.025 MYC
has-miR-429 2.47 0.012 PTEN
has-miR-320d 2.43 0.023
has-miR-26b-5p 2.43 0.038 PTEN
has-miR-181a-5p 2.42 0.015 PTEN
has-miR-19b-3p 2.42 0.038 TP53
has-miR-320a 2.40 0.046 PTEN
has-miR-424-5p 2.38 0.046
has-miR-10b-5p 2.38 0.047 TP53
has-miR-203a-3p 2.29 0.004
has-miR-107 2.26 0.048
has-miR-374b-5p 2.24 0.031
has-miR-934 2.17 0.001
has-miR-361-5p 2.17 0.0150
has-miR-93-5p 2.15 0.014 PTEN
has-miR-29¢c-3p 2.15 0.024 PTEN
has-miR-103a-3p 2.14 0.047 PTEN
has-miR-628-5p 2.09 0.046
Down-regulated
hsa-miR-1247-5p -2.31 0.049
hsa-miR-492 -2.60 0.035 PTEN
hsa-miR-135b-3p -2.84 0.045

presented miRNAs with a cutoff of over 2-fold regu-
lation (FR) or under -2 FR as compared to controls,
the number of miRNAs corresponding to these cutoff
values was 96 miRNAs in the LG group (93 up-regu-
lated and 3 down-regulated) and 78 in the HG group
(72 up-regulated and 6 down-regulated), respective-
ly (see Figures 1, 2, and Tables 2, 3). Among these
differentially presented miRNAs in the exosome,
42 miRNAs were found in both the LG and HG
groups, and these miRNAs were all up-regulated
in cancer patients.

TP53- and PTEN-related exosomal miRNAs

The majority of miRNAs in the profiles of LG and
HG groups are up-regulated. It suggests the possibil-
ity that many of these miRNAs can be involved in
down-regulation of tumour suppressors (TS). Then
we picked up TP53 targeting and PTEN targeting
miRNAs (Table 4).

Among up-regulated exomiRs, TP53 targeting miR-
NAs, which were found in the miRTargetLink data-
base with robust validation, comprised 5 miRNAs in
the LG group and 2 miRNAs in the HG group, and
4 miRNAs in the both the LG and HG groups (Table 4).
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Table 3. Differentially expressed urine exosomal miRNAs Fold
. . miRNA . p-value Target gene
and corresponding target genes in low grade bladder cancer regulation
patients group hsa-miR-218-5p 2.66 0.045 EGFR
Fold hsa-miR-532-3p 2.66 0.047
miRNA T . p-value Target gene hsa-let-7d-3p 2.63 0.034
regulation hsa-let-7d-5p 2.61 0.019
Up-regulated hsa-miR-125a-5p 2.43 0.012 AKT1
i hsa-miR-106b-5p 2.30 0.026 PTEN
hsafmlR—150—5p 26.15 0.044 TP53, CTNNB1 hsa-let—7g—5p 2.29 0.033
hsa—miR—126—3p 21.35 0.015 AKT1 hsa-miR—423—3p 217 0.011
hsa—miR—ZOS—Sp 12.37 0.038 PTEN hsa-miR—423—5p 2.15 0.026
hsa-miR-324-5p 11.47 0.009
hsa-miR-628-3p 11.42 0.005 Down-regulated
hsa-mlR—lSa—Sp 9.14 0.005 PTEN hsa»mlR—1247—5p -2.39 0.020
hsa-miR-21-3p 2.10 0018 PTEN hsa-miR-492 252 0.030 PTEN
hsa-miR-24-1-5p 8.57 0.003 hsa-miR-302b-3p -2.60 0.032
hsa-miR-342-3p 8.49 0.018 hsa-miR-135b-3p 2.75 0.041
hsa-miR-130b-3p 8,24 0.038 PTEN hsa-miR-1-3p 6,99 0.035
hsa-miR-197-3p 7.54 0.028
hsa-miR-376¢-3p 7.41 0.029
hsa-miR-182-5p 7.38 0.008 PTEN
hsa-miR-20a-3p 7.36 0.006 PTEN Table 4. Differentially expressed urine exosomal miRNAs that
hsa-miR-590-3p 7.30 0.003
hsa-miR-21-5p 6.38 0.035 PTEN, EGFR target TP53 and PTEN
hsa-let-7f-2-3p 6.31 0.015 A
hsa-miR-200b-5p 6.26 0.010 . Low grade High grade
hsa-miR-374a-5p 6.05 0.001 mMiRNA Fold | Fold |
hsa-miR-7-1-3p 5.56 0.018 EGFR regulation p-value regulation p-value
hsa-miR-130b-5p 5.44 0.014 . .
hsa-miR-505-5p 5.14 0.002 TP53 targeting miRNAs
hsa-miR-183-5p 5.01 0.042 hsa-miR-126-3p 5.62 0.002687 21.35 0.015415
hsa-miR-320b 4.97 0.029 : : : :
hsa-miR-105-5p 4.91 0.035 AKT1 hsa-miR-18a-5p . 3.82 . 0.008685 . 9.14 . 0.004716
hsa-miR-27b-3p 4.85 0.021 hsa-miR-28-5p 5.30 0.039468 9.95 0.000754
hsa-miR-450a-5p 4.81 0.008 . . . .
hsa-miR-454-3p 479 0.030 hsa-miR-28-3p 3.17 0.006807 4.73 0.000163
hsa-miR-28-3p 4.73 0.000 TP53 ) ' ' ' '
hsa-miR-146b-5p A7 0005 hsamiR253p 259 0028475 682  0.I57505
hsa-miR-425-5p 4.66 0.018 PTEN hsa-miR-24-3p 261 0.044578 3.67 0.078445
hsa-miR-191-5p 4.65 0.008 : : : :
hsa-miR-301a-3p 4.62 0.014 PTEN hsa-miR-19b-3p . 2.42 . 0.038066 . 2.54 . 0.063060
hsa-miR-151a-3p 4.47 0.004 hsa-miR-10b-5p 238 0.047099 214 0.069420
hsa-miR-320c 4.43 0.012 : : : :
hsa-miR-18a-3p 4.43 0.018 hsa-miR-16-5p 4.05 0.012415 8.65 0.166509
hsa-miR-148b-3p 4.27 0.041 . ‘ ‘ ) )
hsa-miR-342-5p 41 0.002 hsa-miR-146b-5p 235 0112566 471  0.008794
hsa-miR-664a-3p 4.10 0.016 hsa-miR-150-5p 3.11 0.179476 26.15 0.044293
hsa-miR-455-3p 4.09 0.038 ; ;
hsa-miR-574-3p 4.06 0.002 EGFR PTEN targeting miRNAs
hsa-miR-618 3.89 0.040 hsa-miR-18a-5p 3.82 0.008685 9.14 0.004716
hsa-miR-365a-3p 3.81 0.003 : : : :
hsa-miR-200b-3p 3.74 0.000 hsa-miR-21-5p 4.32 0.017528 6.38 0.034562
hsa-miR-181d-5p 3.69 0.034 . ) ) ) )
-miR-200c- 2. .014434 ) .001310
hsa-miR-193b-5p Ses 008 hsa-miR-200c-3p S5 0014434 350  0.00
hsa-miR-200c-3p 3.50 0.001 PTEN hsa-miR-21-3p 14.25 0.015740 9.10 0.017916
hsa-miR-23b-3p 3.48 0.024 PTEN i : : : :
hsa-miR-374b-5p 337 0.002 hsamiR20a-3p 511 0011170  7.36  0.005637
hsa-miR-92a-3p 3.29 0.021 PTEN hsa-miR-221-3p 5.62 0.028214 1.42 0.309503
hsa-miR-320d 3.26 0.014 : : : :
hsa-miR-429 3.19 0.000 PTEN, MYC hsamiR-130b-3p 373 0053148 824  0.037600
hsa-miR-151a-5p 315 0.003 hsa-miR-182-5p 2.80 0.214419 7.38 0.008211
hsa-miR-339-3p 3.15 0.023 . . . .
hsa-miR-26b-5p 3.12 0.023 PTEN hsa-miR-205-5p 15.55 0.078348 12.37 0.038030
hsa-miR-99b-5p 3.11 0.016
hsa-miR-489-3p 3.03 0.024
pearmin3e15p oo oo PTEN targeting miRNAs found in the miRTargetLink
hsa-miR-320a 2.91 0.033 PTEN . . . . .
hsa-miR-34a-3p 279 0.022 AKT1, CTNNB, MYC database with robust Va_lldatlop included 1 miRNA
hsa-miR-26a-5p 2.78 0.021 PTEN in the LG group and 3 miRNAs in the HG group, and

hsa-miR-187-5p 2T 0088 5 miRNAs in both the LG and HG groups (Table 4).
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Pathway enrichment analysis of exosomal miRNAs

The main results of pathway enrichment analysis
of miRNAs with over 2 FR in the LG and HG groups
are listed in Tables 5, 6. The enriched localisation
of miRNAs comprosed exosome, microvesicle, and
circulated with high significance in both the LG and
HG groups. In the KEGG pathway and MNDR dis-
ease categories, mainly cancer-related subcategories
were found.

We could not find statistically significant enriched
pathways using the list of down-regulated miRNAs
due to the small numbers of miRNAs in each group.

Table 7. Key target genes of urinal exosomal miRNAs in low-
grade and high-grade groups

Low grade High grade
TP53 TP53
CTNNB1 AKT1
GAPDH CTNNB1
AKT1 MYC
HSP90AA1 EGFR
mYC JUN
EGFR SRC
PTEN IL6
SRC PTEN
HSPA8 CDH1
ESR1 HSP90AA1
NOTCH1 STAT3
JUN HRAS
MTOR ESR1
KRAS HIF1A
CDH1 CCND1
HIF1A FN1
CDKNZ2A VEGFA
VEGFA CASP3
NOTCH1
ERBB2
RHOA
IL1B
SMAD3
MTOR
KRAS
PPARG
MAPK1
SMAD4
FOX03
CDKNZ2A

Analysis of target genes of up-regulated miRNAs
and their interactions

A total of 1,425 predicted target genes were identi-
fied for 91 up-regulated miRNAs in the LG group
and 805 target genes for 71 up-regulated miRNAs
in the HG group. Using these genes, regulatory gene
interaction networks were constructed. To select
hub genes, the top 50 ranking genes were compared
in each 4 methods of CytoNCA and CytoHubba
(Figure 3, Tables 5, 6). The common genes in the
list of CytoNCA and CytoHubba were extracted (Ta-
ble 7). Nineteen hub genes in the LG up-regulated
miRNA target group and 32 in the HG up-regulated
miRNA target group were extracted. The 17 target
genes were overlapped in both groups.

In both hub gene analyses with each 4 methods,
TP53 is ranked first except MCC of CytoHubba
(ranked at 34) and PTEN was ranked between 6 and
11 in the LG (Table 5) and between 7 and 10 in the
HG (Table 6).

DISCUSSION

Urine exosomes contain miRNAs from cells in the
urinary tract [20]. The profile of the urine exomiRs
is considered to reflect the cell condition. These miR-
NAs are known to modulate other cells that receive
the exosomes [7]. The aim of this study is to compare
the urine exomiRs in the healthy control group, and
the LG and the HG cancer patient groups to under-
stand the cell-cell molecular information exchange
and the cancer development.

During the study, several miRNAs that were not pre-
viously described as altered in BC were found.
These novel miRNAs are mir-let-7f-2-3p; mir-28-5p,
mir-196b-3p; mir-450a-5p, mir-320b; mir-151a-3p,
mir-20b-3p; mir-425-5p, mir-376¢c-3p; let-7e-3p,
mir-24-2-5p, mir-181a-3p, mir-664a-3p, mir-331-3p,
mir-99b-5p, mir-28-3p, mir-501-3p, mir-500a,
mir-628-5p, mir-7-1-3p, mir-105-5p, mir-342-5p,
mir-455-3p, mir-365a-3p, mir-181d-5p, mir-423-3p,
and mir-548m. Moreover, the profile of differentially
expressing exomiRs in BC in this study widely covers
already reported BC-related miRNAs.

There are 2 patterns observed for up-regulated miR-
NAs relative to the control group: 1) HG > LG or HG
alone and 2) LG > HG or LG alone.

In the first pattern, highly expressed miRNAs include
miR-126-3p, detected in plasma exosomes of HG BC
patients [21] and BC urine samples [22]. MiR-126-3p
acts as both oncogenic and a tumour suppressor de-
pending on the tissues and tumourigenesis timing.
It was proposed that mir-126-3p secretion into exo-
somes accelerates tumour development by stimulating
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angiogenesis and promoting oncotransformation
of non-cancer cells [21].

Substantial up-regulation of miR-21-5p, miR-205-5p,
and miR-141-3p in urine samples was detected
in the case of BC and prostate cancer [23], which is
similar to our results (Table 2).

Our results show upregulated miR-628-3p, which
matched with studies on MIBC patients where ele-
vated miR-628-3p levels in urine compared to plasma
EVs was found, while no significant difference was
noted in isolated MIBC tissues [21].

Up-regulation of miR-200 families in BC tissue has
been reported and suggested as a marker of poor
prognosis [24]. In this study, the miR-200 family
were found as up-regulated exomiRs in both cancer

groups.

In the case of the second regulatory model, the fol-
lowing results were found. MiR-210-3p overexpres-
sion in urine sediment from BC patients [25] con-
trasts with down-regulation in BC tissue, where it
inhibits tumour growth and metastasis by acting
on fibroblast growth factor receptor-like 1 [26].

Up-regulation of miR-31-3p and miR-31-5p, con-
trary to their previously reported down-regulation
in urothelial BC tissues [27], is evident in our study.
Juracek et al. found that urinary miR-31-5p levels
were significantly higher in BC patients compared
to healthy controls and patients with ccRCC.
Moreover, miR-31-5p concentration decreased sig-
nificantly in disease-free patients when urine was
re-analysed 3 months after surgery compared to pre-
operative samples [28]. Overexpression of miR-31

A LG vs Control Group B HG vs Control Group
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3 4
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Figure 2. Volcano plots of comparison. A) Wild type low-grade to control group; B) wild type high-grade to control group; C) wild

type low-grade to high-grade group.
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in BC tissues was found to suppress BC cell prolif-
eration by acting as a tumour suppressor [27].
Regarding miRNAs targeting TP53 and PTEN,
KEGG pathway analysis showed the gene targets
by deregulated miRNAs and their role in biological
processes. The results of this analysis proved the
reliability of our results, because several of them
are associated with different cancers. TP53, AKT1I,
MYC, and PTEN have been previously described
as target genes in BC development [29], which was
also reflected in our data (Table 7).

Previous investigations have highlighted correlation
of TP53 mutations with clinical features such as tu-
mour grade, invasiveness, recurrence rate, and poor
prognosis [30, 31].

In a meta-analysis of 7 studies, it was reported that
TP53 mutation was significantly higher in MIBC
compared with NMIBC [32].

Comparing LG and HG profiles, miRNAs targeting
TP53 and PTEN exhibited higher fold regulation
(FR) values in HG (Table 4), suggesting an acceler-

ated cancer development state compared to LG BC.
Considering the modulatory potential of exosomal
miRNAs on cell conditions [7, 32], it is plausible that
miRNAs targeting tumour suppressors, including
TP53 and PTEN, contribute to the oncotransforma-
tion of normal bladder cells.

Our hypothesis aligns with observations that BC pa-
tients often exhibit hyperplasia, dysplasia, and mul-
tiple synchronous cancers. Multiple synchronous
and metachronous BC has been explained by the in-
traepithelial migration of tumour cells and intralu-
minal seeding from a primary cancer [33]. Lindgren
et al. note that synchronous cancers may not con-
sistently display the same genomic rearrangements
or mutations in specific genes [34], implying an al-
ternative mechanism for inducing oncotransforma-
tion in normal bladder cells affected by BC. Urine
exomiR profiles in this study suggest the potential
role of these miRNAs in repressing T'P53 and PTEN,
contributing to oncotransformation in normal cells
exposed to exosomes from developed BC.

Low Grade
CytoNCA top50 CytoHubba top50
Closeness Deg‘;ee MCC MNC CytONCA (33) CytOHUbba (21)
Betweenness : 0 Eigenvector EPC e Stress
0 0 0
12 4 8 7 7/ 0 1 7
- 13 | 37 8
1 2 5 0
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Figure 3. Network of the target genes of up-regulated differentially expressed miRNAs in LG group and in HG group.
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A regulatory relationship between multiple miRNAs
and PTEN has been reported [29], with miR-21,
known for its significance in BC tumourigenesis,
which regulates the proliferation and migration
of cancer cells by its communication pathways with
PTEN and TP53. Its overexpression has a suppres-
sive effect on TP53 [35, 36]. Furthermore miR-18a,
miR-20a, miR-21, and miR-221 in network analysis
were found to target PTEN, which in turn regulates
miR-19a, miR-21, and miR-25, and as a consequence
miR-25 targets TP53 [37]. The strong connection
of miR-205-5p with PTEN in the HG group further
underscores the intricate regulatory networks in-
volved (Table 4). However, the complexity of blad-
der tumours is evident because PTEN alterations
alone may not consistently result in tumourigen-
esis [38, 39], emphasising the multifaceted changes
in expression across various components, including
the AKT/PISK/mTOR pathway [40]. Our regula-
tory gene interaction networks highlight multiple
interactions with the central hub gene TP53 (Fig-
ure 3). These findings underscore the intricate mo-
lecular landscape of BC, emphasising the necessity
for a comprehensive understanding of the intercon-
nected pathways for improved diagnostic and thera-
peutic strategies.

The limitations of this study include the small num-
ber of patients. The association of specific miRNAs
with specific genes was established using data from
a database, but it lacked confirmation from biological
studies. Nevertheless, our results demonstrate that
the methods used were effective because many pre-
viously described miRNAs associated with BC were
detected in our profile of BC exomiRs, as well as
their downstream influence from both tumour sup-
pressors and oncogenes. The majority of the urine
exomiRs in BC patients were up-regulated, and their
FRs compared with the control were high enough
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