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Abstract

Background: Several studies support the interplay between the urinary micro-
biome (ie, urobiome) and bladder cancer (BCa). Specific urinary bacteria may be
responsible for chronic inflammation, which in turn promotes carcinogenesis.
Different signatures of urobiome in BCa patients were identified depending on
tumor type, geographical area, age, and sex.
Objective: We explored the urobiome in BCa patients undergoing transurethral
resection of bladder tumor (TURBT), to identify possible predictive biomarkers of
cancer.
Design, setting, and participants: The urobiome analysis was conducted in 48 patients
(13 females) undergoing TURBT, of whom 30 with BCa (five females) and 18 with
benign bladder tumor, analyzing bacterial 16S rRNA by next-generation sequencing
in first-morning (FM) urine samples. Forty-three cancer-free individuals and 17
prostate cancer patients were used as controls.
Outcome measurements and statistical analysis: First, we identified the better urine
collection procedure to perform the urobiome analysis, comparing bacterial com-
position between catheterized (CAT) and FM urine samples in TURBT patients.
Successively, we observed a specific urobiome in BCa patients rather than controls.
A combined pipeline including the DESeq2 and linear discriminant analysis effect
size tests was used to identify differential urinary taxa, strictly associated with
BCa patients.
Results and limitations: The bacterial composition of CAT and FM urine samples was
comparable, so the latter was used for the following analyses. An increased
abundance of Porphyromonas and Porphyromonas somerae was found in BCa
patients compared with controls. This signature seems to be more related
(p <0.05) to male BCa patients over 50 yr old. Owing to the low biomass of urinary
microbiota, several samples were excluded from the study, reducing the number of
BCa patients considered.
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Conclusions: FM urine samples represent a manageable specimen for a urobiome
analysis; P. somerae is a specific biomarker of BCa risk.
Patient summary: Our study showed an increased abundance of Porphyromonas and
Porphyromonas somerae in male bladder cancer (BCa) patients, supporting the use
of a first-morning urine sample, a less invasive and low-cost collection method,
for the urobiome analysis of patients at risk of BCa.

� 2023 The Authors. Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY-NC-ND license (http://creative-

commons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The development of advanced sequencing technologies,
such as 16S rRNA and whole-genome shotgun sequencing,
allowed characterization of microbial communities living
in several niches of the human body [1]. Microbial changes
in specific body districts have been correlated to several
pathologies, since microorganisms and their metabolites
can alter the functional state of tissues and immune system
[2–7]. In addition, the presence of a urinary microbiome
overturned the long-standing paradigm that urine is a ster-
ile substance [8]. The whole genome of microbial communi-
ties in urine is defined as ‘‘urobiome’’ and plays a key role in
the pathogenesis of urological disorders such as interstitial
cystitis, urinary incontinence, bladder pain syndrome, over-
active bladder syndrome, urinary tract infections, benign
prostatic hyperplasia, and urogenital cancer [9–12].

Bladder cancer (BCa) is one of the most common urinary
tract–associated malignancies worldwide and non–muscle-
invasive BCa is the most frequent BCa, accounting for 70–
80% of all diagnosed cases [13]. Besides the factors known
to increase BCa risk, such as genetics, tobacco smoking,
and occupational exposure to chemicals or toxins, urobiome
is emerging as a new actor [8,13]. One of the main mecha-
nisms explaining the interplay between urinary micro-
biome and BCa is the presence of biofilm-associated
bacteria, responsible for chronic inflammation, which in
turn promotes carcinogenesis [11]. As previously reported,
Streptococcus and Fusobacterium nucleatum are increased
in urine from BCa patients [14]; F. nucleatum is a Gram-
negative taxon able to trigger a chronic inflammatory
response, promoting cancer development [5]. Other studies
showed a different microbial composition between genders
affected by specific urological disorders, detecting an
increased abundance of Corynebacterium and Streptococcus
in men and of Lactobacillus in women [15]. In addition to
changes in relative abundance, specific taxa were identified
in aged individuals regardless of gender [16]. Owing to the
absence of standardized urine sample collection, common
investigation procedures, and assessment of intra- and
interindividual variability [16], it is not surprising to find
conflicting data in urobiome studies. In fact, a recent global
meta-analysis of urine microbiome reported that the type of
urine collection methodology biased the genera abundance
because of skin, vaginal, and urethral contamination in the
first-morning (FM) catch samples [17].

In the present work, we investigated the urobiome of
patients undergoing transurethral resection of bladder
tumor (TURBT) from Southern Italy. First of all, we com-
pared bacterial profiling of catheter-collected urine (CAT)
samples, with FM urine collected from the same patients
undergoing TURBT in order to choose the urine collection
procedure. A statistically significant difference was
observed between CAT and FM samples in bacterial signa-
ture, so we chose FM urine samples for the urobiome anal-
ysis. Successively, we received the histological diagnosis of
BCa for some TURBT patients. Therefore, we compared the
microbiome of BCa patients with control groups using FM
urine. We analyzed hypervariable regions (V3-V4-V6) of
the 16S ribosomal RNA (rRNA) gene by next-generation
sequencing (NGS). We identified a significant increase of
Porphyromonas in male BCa (mBCa) patients over 50 yr old
compared with our control groups over 50 yr old. It could
be exploited as a predictive biomarker of BCa and sheds
new light on BCa pathogenesis.

2. Patients and methods

2.1. Participant recruitment and sample collection

We studied 108 patients, who were divided into three groups:

1. Forty-eight consecutively recruited patients who underwent

TURBT (mean age ± standard deviation [SD] = 69.0 ± 11.6; 13 females).

Among these 48 patients, 30 were histologically diagnosed to have BCa

(five females) and 18 were diagnosed to have benign urological pathol-

ogy (bladder benign tumor [BBT]; eight females). The BCa group

included patients with different pathological grading: low-grade carci-

noma (n = 9; G1) and high-grade carcinoma (n = 21; G3), according to

European Association of Urology 2020 guidelines [18].

2. Seventeen subjects affected by histologically proven prostate car-

cinoma (PK; mean age ± SD = 68.5 ± 9.7) at diagnosis, used as the control

group with another pathology.

3. Forty-three volunteers as cancer-free control group (CO; mean

age ± SD = 57.5 ± 13.4; 15 females) with no history of BCa or any other

type of tumor.

From 34/48 TURBT patients, CAT urine and FM urine (including the

first stream) were harvested at the beginning of the TURBT procedure,

after careful cleaning of the genital area and surgical draping, and imme-

diately upon endoscope insertion. The remaining TURBT patients did not

give the consent for the collection of CAT samples. An FM urine sample

was collected from CO and PK patients using a sterile container. Individ-

uals with urinary tract infections, anamnesis of other cancer, or diabetes,

or those under treatment with antibiotics or any other drugs in the last

month were excluded from the study. Each urine sample was stored at

�80�C within 2 h from collection until used.

All TURBT and PK patients came from the Urology Clinic of University

Hospital ‘‘Federico II’’ of Naples, while the CO group included only volun-

teers of research laboratories from CEINGE Biotecnologie Avanzate
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Franco Salvatore. All patients were admitted between October 2021 and

April 2023. The enrolled patients signed the informed consent to partic-

ipate in the study, approved by the Ethical Committee of the University

Federico II of Naples (n. 191/20) and conducted in accordance with the

Helsinki Declaration.
2.2. Bacterial DNA isolation and 16S rRNA sequencing analysis

Bacterial DNA was isolated from all urinary samples using MagPurix bac-

terial DNA extraction kit (Zinexts Life Science) using the automated sys-

tem, according to manufacturer instructions. We incubated 1 ml of urine

with 220 ll buffer provided by the kit at 56 �C for 30 min. The DNA was

eluted in 50 ll of the elution buffer. The Qubit dsDNA HS (high sensitiv-

ity) assay kit (Invitrogen Co., Life Sciences) and the TapeStation (Agilent

Technologies) were used to evaluate the yield and quality of extracted

DNA. The hypervariable V3-V4-V6 regions of the bacterial 16S rRNA

gene were analyzed using Microbiota solution B (Arrow Diagnostics)

according to manufacturer instructions and as described previously

[5,7,9]. The extracted DNA was then used for the amplification of tar-

geted regions; the quality and quantity of the amplicons were evaluated

with the TapeStation system and Qubit dsDNA HS assay, respectively.

After the preparation of the libraries, we obtained an equimolar pool.

Amplicons were sequenced on the MiSeq Illumina sequencing platform

(Illumina) using a Nano V2 500-cycle flow cell, loading the pool concen-

trated to 4.5 pM and 10% Phix. To avoid contaminations, we performed

all the analytical steps (from DNA extraction to the library preparation

and sequencing), following the previously reported detailed protocol

[5] and adding an internal blank negative control. Furthermore, we also
Fig. 1 – A comparison of microbiome profile between CAT and FM urine sampl
measured the beta-diversity of the bacterial community identified in CAT (green
significantly different match between the two groups. (B) Phyla with an averag
(34.85% vs 37.62%), Proteobacteria (26.78% vs 23.65%), Actinobacteria (19.02% vs
other phyla (1.72% vs 2.01%). (C) Genera with an average relative abundance
PERMANOVA = permutational multivariate analysis of variance.
used a Gut Microbiome genomic Mix ATCC MSA-1006 (LGC Standards)

processed simultaneously with the patients’ samples for each run as a

positive standard control for the sequencing process.

2.3. Microbiome data processing and statistical analysis

Dedicated bioinformatics software (MicrobAT Suite-SmartSeq) was used

to analyze the sequencing raw data (Fastq files). This software automat-

ically assigned the operational taxonomic units (OTUs) according to the

Ribosomal Database Project (RDP) database to the sequenced samples,

and it returned three comma-separated values (CSV) files: the Metadata

file, which contained the name and information of the samples used; the

OTU table file, in which the number of reads per single taxon identified

was associated to every sample; and the taxonomy table file, which con-

tained the taxonomic information (phylum, class, order, family, genus,

and species) of each identified taxon. These three files were used to

perform the statistical analysis by the MicrobiomeAnalyst platform

(https://www.microbiomeanalyst.ca/). This platform includes different

statistical modules for a comprehensive statistical, functional, and inte-

grative analysis of the microbiome data. To analyze marker gene count

data, we used the Marker Data Profiling (MDP) module, specifically used

for the analysis of the 16S rRNA gene data [19]. After removing

unassigned phyla from our OTU table, we filtered taxa having at least

20 counts with 10% of prevalence. To perform community profiling, we

normalized data by rarefying and scaling with total sum scaling. The

alpha-diversity was measured by using Chao-1, Shannon, and Simpson

indices. In order to measure the differences in the community composi-

tion between groups, we measured the beta-diversity by using the Bray-

Curtis dissimilarity index visualized by principal component analysis.
es. (A) Principal component analysis evaluated by the Bray-Curtis distance
dots) and FM (orange dots) samples. The PERMANOVA test indicated a not

e relative abundance of >1% in CAT and FM samples are shown: Firmicutes
16.60%), Bacteroidetes (16.30% vs 18.99%), Fusobacteria (1.33% vs 1.12%), and
of >1% in CAT and FM samples. CAT = catheterized; FM = first morning;

https://www.microbiomeanalyst.ca/
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For a data comparison analysis, we chose a bioinformatic approach that

combines the DESeq2 and linear discriminant analysis (LDA) effect size

(LEfSe) tests, with no rarefaction and no normalization. A differential

abundance analysis was executed using DESeq2 at each taxonomic level,

and only taxa with an adjusted p value of <0.05 by false discovery rate

were reported. In addition, we performed the LEfSe test to identify pos-

sible biomarkers at every taxonomic level. These biomarkers are micro-

bial taxa that differ in abundance between groups, as identified by a

Wilcoxon rank-sum test (adjusted p < 0.05). To estimate the effect size

of each biomarker, the threshold on the logarithmic LDA score for dis-

criminative features was set to 2.0.

The raw NGS data have been deposited in the Sequence Read Archive

(SRA) (https://www.ncbi.nlm.nih.gov/sra) under project PRJNA981420.
3. Results

3.1. Sequencing data results

We sequenced a total of 142 samples (FM, n = 48; CAT,
n = 34; CO, n = 43; and PK, n = 17). The average of read
counts per sample was 20 619 (range: 1263–59 419). Taxa
assignment was achieved at all taxonomic levels (from phy-
lum to species) with an average percentage of ‘‘unassigned
species’’ of 30.58% in all samples. In all the runs, the
sequencing of positive standard controls detected similar
percentages of taxa, with few differences in the percentages
provided by the Gut Microbiome genomic Mix ATCC MSA-
1006—ATCC datasheet, confirming good technical and
experimental repeatability. In each run, the internal blank
negative control confirmed the absence of contaminants
except for Propionibacterium acnes and Sphyngomonas sp
oral clone AV069 species, identified as contaminants (mean
absolute abundance: 298 and 153, respectively) and
excluded from the bioinformatic analysis.
3.2. FM urine is a suitable sample for assessing the urobiome

The microbial composition of CAT and FM urine samples
from 34 patients undergoing TURBT was compared. Any sig-
nificant intragroup differences were revealed by alpha-
diversity. Beta-diversity showed strong similarity of com-
munity composition between the CAT and FM groups
(Fig. 1A). The main phyla identified with relative abundance
>1% in both samples were, respectively, Firmicutes (34.85%
vs 37.62%), Proteobacteria (26.78% vs 23.65%), Actinobacte-
ria (19.02% vs 16.60%), Bacteroidetes (16.30% vs 18.99%),
Fusobacteria (1.33% vs 1.12%), and other phyla (1.72% vs
2.01%; Fig. 1B). The main genera identified with relative
abundance >1% in both samples are shown in Figure 1C.
No difference in bacterial abundance was detected by the
DESeq2 analysis at all taxonomic levels (data not shown).
Fig. 2 – Community profiling of the urobiome in male BCa (mBCa) patients co
diversity of bacteria identified in the FM urine microbiome of the mBCa >50 yr
using the Bray-Curtis distance measure was represented, and the results of the
between two groups: mBCa >50 yr (blue dots) and mCO >50 yr (red dots; p = 0
differently abundant (with cutoff LDA score >2 and <–2) at genus and species taxo
positive LDA scores indicated, respectively, an increased (blue bars) or a decre
groups. BCa = bladder cancer; FM = first morning; LDA = linear discriminant ana

3

Based on this result, we used the FM urine sample to char-
acterize the urobiome in patients undergoing TURBT.
3.3. TURBT patients showed a different urobiome from
cancer-free controls

We compared the FM urine microbiome of patients
undergoing TURBT (TURBT group, n = 48) with that of
cancer-free controls (CO group, n = 43). Despite the alpha-
diversity result not being significant, beta-diversity showed
a statistically different microbial community between the
two groups (permutational multivariate analysis of variance
[PERMANOVA], p = 0.001; Supplementary Fig. 1). The differ-
ential abundance analysis revealed several increased taxa in
the TURBT group with respect to the CO group at family,
genus, and species levels (Supplementary Table 1). At genus
level, we found that Actinobaculum (4.68% vs 1.72%), Mobil-
incus (1.19% vs 0.50%), Peptoniphilus (6.38% vs 2.59%), Por-
phyromonas (3.69% vs 0.37%), and Propionimicrobium
(3.39% vs 0.92%). Conversely, Lactobacillus (3.92% vs
10.29%) and Streptococcus (2.32% vs 6.17%) were signifi-
cantly increased in the CO group. At species level, we
detected a significant abundance of Actinobaculum schaalii
(3.06% vs 0.39%), Porphyromonas somerae (1.54% vs 0.06%),
and Propionimicrobium lymphophilum (2.82% vs 0.66%), and
a decrease of Lactobacillus iners (1.83% vs 7.33%) in TURBT
patients (Supplementary Table 1). These results confirmed
that TURBT patients have a different urobiome from
controls.
3.4. Urobiome of mBCa was specifically characterized by
Porphyromonas and P. somerae

Among all patients undergoing TURBT, BCa diagnosis was
histologically confirmed in 30 patients, all of whom were
over 50 yr old and mainly male patients. Therefore, we
focused our urobiome investigation on this subgroup (indi-
cated as mBCa >50 yr; n = 25). Male cancer-free individuals
over 50 yr old were used as the control group (mCO >50 yr;
n = 24). The measure of beta-diversity showed a significant
distance between bacterial communities of the two groups
(PERMANOVA, p = 0.001; Fig. 2A). Applying the same com-
bined bioinformatic approach (DESeq2 and LEfSe tests),
mBCa >50 yr patients were characterized by an increased
relative abundance of Aerococcus (3.34% vs 0.28%), Anaero-
coccus (3.21% vs 0.75%), and Porphyromonas (5.56% vs
0.20%) genera; on the contrary, a decrease of the Gardnerella
(0.65% vs 3.23%) genus was observed (Table 1). At species
level, the mBCa >50 yr group showed a significant increase
of Aerococcus urinae (3.08% vs 0.25%), Porphyromonas asac-
charolytica (1.20% vs 0.09%), P. somerae (2.21% vs 0.02%),
mpared with age- and sex-matched cancer-free controls (mCO). (A) Beta-
group with respect to the mCO >50 yr group. Principal component analysis
PERMANOVA test indicated a significantly different bacterial composition

.001). (B) The linear discriminant analysis effect size analysis showing taxa
nomic levels, between themBCa >50 yr andmCO >50 yr groups. Negative and
ased (red bars) abundance of bacteria in the mBCa >50 yr and mCO >50 yr
lysis; PERMANOVA = permutational multivariate analysis of variance.

https://www.ncbi.nlm.nih.gov/sra


Table 1 – Differential abundance analysis (tested with both the DESeq2 and the LEfSe test) of taxa between male BCa patients older than 50 yr
(mBCa >50 yr) and male cancer-free controls older than 50 yr (mCO >50 yr) in FM urine samples

Level Taxaa Relative abundance (%) DESeq2 LEfSe

mBCa >50 yr (n = 25) mCO >50 yr (n = 24) Adjusted p value Adjusted p value LDA score

Class Betaproteobacteria 9.88 0.10 <0.001 0.028 �2.68
Clostridia 21.93 9.61 0.010 0.048 �3.32
Gammaproteobacteria 12.79 28.22 0.004 0.028 3.08

Order Bifidobacteriales 0.68 3.33 0.013 0.011 2.02
Burkholderiales 9.64 0.05 <0.001 0.017 �2.68
Clostridiales 21.93 9.61 0.009 0.049 �3.32

Family Aerococcaceae 3.54 0.29 0.001 0.009 �2.51
Bifidobacteriaceae 0.68 3.33 0.009 0.009 2.02
Burkholderiaceae 9.64 0.05 <0.001 0.002 �2.67
Porphyromonadaceae 6.51 0.32 <0.001 0.005 �2.91

Genus Aerococcus 3.34 0.28 0.007 0.048 �2.48
Anaerococcus 3.21 0.75 0.016 0.026 �2.33
Gardnerella 0.65 3.23 0.008 0.012 2.02
Porphyromonas 5.56 0.20 <0.001 0.003 �2.86

Species Aerococcus urinae 3.08 0.25 <0.001 0.020 �2.45
Porphyromonas asaccharolytica 1.20 0.09 0.030 0.014 �2.14
Porphyromonas somerae 2.21 0.02 <0.001 0.003 �2.49
Porphyromonas sp 2007b 1.04 0.01 <0.001 0.003 �2.04

BCa = bladder cancer; FM = first morning; LDA = linear discriminant analysis; LEfSe = LDA effect size.
a Taxa with relative mean abundance of >1% in at least one group (from class to species) were reported when statistically significant at both the DESeq2 and
the LEfSe test (p < 0.05). Only taxa with an LDA score of >2.0 threshold were reported.
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Fig. 3 – Relative abundance of Porphyromonas (left) and Porphyromonas somerae (right). (A) Comparison of the relative abundance of Porphyromonas and P.
somerae between BCa patients and other three different conditions: benign bladder tumor (BBT), prostate cancer (PK), and cancer-free controls (CO). (B)
Comparison of the relative abundance of Porphyromonas and P. somerae between BCa and CO divided in male (mBCa and mCO, gray striped) and female (fBCa
and fCO, white striped) subgroups. All the individuals involved were aged >50 yr. Statistical significance tested with Mann-Whitney U test is indicated by the
asterisks (****p < 0.0001, ***p < 0.001, and *p < 0.05). BCa = bladder cancer.
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and Porphyromonas sp 2007b (1.04% vs 0.01%; Table 1). In
Figure 2B, we exclusively reported the bacterial taxa at
genus and species levels differentially abundant with an
LDA score greater than the threshold set. These data indi-
cated that mBCa >50 yr patients present a particular uro-
biome, where Porphyromonas is definitively more abundant.

In order to confirm whether the increased Porphy-
romonas abundance was actually associated with the BCa
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condition, we decided to compare the urobiome of BCa
patients (named BCa, n = 30) with three age-matched con-
trol groups: prostate cancer group (named PK, n = 17),
BBT group (named BBT, n=15), and finally CO group (named
CO, n = 35; Fig. 3A). Specifically, BCa showed an increased
relative abundance of Porphyromonas and P. somerae com-
pared with PK (p < 0.01 and p < 0.001, respectively) and
CO (p < 0.0001 for both). A similar trend was also observed
when comparing BCa with BBT, but the statistical test result
was not significant. In particular, in Figure 3B, we observed
that the increased abundance of Porphyromonas and
P. somerae was exclusively associated with mBCa patients
(n = 25). In fact, the mBCa group showed an increased
relative abundance of Porphyromonas and P. somerae when
compared with the mCO subgroup (n = 24, p < 0.001 for
both). Therefore, we can definitively state that an increase
in Porphyromonas and P. somerae abundance is specific for
bladder tumors in male gender. The low number in the
female group did not allow for a statistical comparison.
Additional analyses will be required to determine their
specificity for mBCa and their possible role in the
pathogenesis.
4. Discussion

In the present study, we first demonstrated that FM urine is
a suitable sample for the analysis of the urinary micro-
biome, and that no differences were recorded between such
samples and CAT urine. This observation supports a general
use of FM urine for a urobiome analysis; in fact, standard-
ization of procedures is a relevant issue to compare data
obtained from different laboratories that are, at times, dis-
cordant. Additional methodological studies on urine collec-
tion, and samples processing and storage are required to
obtain comparable clinical data. Therefore, in the present
study, in order to standardize the analysis reducing the
impact of the sample collection variability [16], we used
an FM urine sample to compare microbiome data in (1)
BCa, (2) PK, and (3) cancer-free individuals. The study
revealed that urine samples from mBCa patients were char-
acterized by a peculiar urobiome with an increased abun-
dance of several taxa including Porphyromonas.

Despite the association between the urinary microbiome
and BCa having become increasingly evident [16], conflict-
ing data have been reported so far, even due to different
sample types. In fact, Oresta et al. [20] identified microbial
differences between catheterized urine, midstream-voided
urine, and bladder washout samples in BCa patients. In par-
ticular, an increased abundance of Veillonella and
Corynebacterium, and a decrease of Ruminococcus were
found in catheterized urine samples from patients with
BCa as compared with controls. Compared with catheter-
ized urines, BCa washouts showed specific increases of
some taxa, such as Burkholderiaceae, whereas midstream
urine was enriched with Streptococcus. In the same way,
Bukavina et al. [17] demonstrated that catheterized urine
samples showed lower genera variability combined with a
lower contamination than voided urine samples. Thus, to
explore the urobiome, many scientists prefer the use of
urine samples from a urethral catheter [21]. However,
although catheterization avoids the potential contamina-
tion by lower urinary tract bacteria, it is an invasive proce-
dure responsible for possible urinary tract infections and is
more difficult to be used in a routine setting [21,22]. Since
we observed strong similarity of bacterial communities
between CAT and FM urine samples, we decided to use
the FM urine, a more manageable and accessible specimen.

Therefore, we started a multistep study, first comparing
all TURBT patients with all cancer-free controls, revealing
a significantly different urobiome. Then, we enucleated
BCa from the group of TURBT patients. Considering that
gender is a well-known confounding factor that can affect
microbiome composition, we focused our investigation on
male patients because BCa is more frequent in men [23].
Furthermore, since all male patients were aged >50 yr, we
selected cancer-free controls aged >50 yr to exclude age
as an impacting factor. Interestingly, in mBCa patients, we
found a peculiar microbial composition with an increased
abundance of Porphyromonas, Aerococcocus, and Anaerococ-
cus genera. In particular, at species level, we observed the
increase of three Porphyromonas spp., among which P. som-
erae prevailed. Such urobiome signature seems to be pecu-
liar to BCa, since we did not observe an increase in this
bacterial species in FM from other control groups (including
prostate cancer patients or cancer-free individuals); how-
ever, an increase in P. somerae abundance has not been
reported in BCa patients analyzed in other studies [11,16].

Porphyromonas is a Gram-negative, obligatorily anaero-
bic, non–spore-forming, and nonmotile bacterial genus.
Several Porphyromonas species have already been described
to be associated with pathologies in humans: Porphy-
romonas gingivalis, a well-known anaerobe bacterium of
the oral cavity, has been involved in the pathogenesis of
periodontitis [24], and P. somerae has recently been associ-
ated with endometrial cancer [25]. P. somerae has been
described as capable of intracellular invasion of endometrial
cancer cells increasing succinate levels, leading to upregula-
tion of HIF-1alpha [25–27]. More specifically, P. somerae,
invading cells, and increasing succinate can interfere with
the normal functioning of host cells, favoring chronic host
inflammation in the endometrial tissue. This process may
contribute to the onset and progression of cancer by remod-
eling of extracellular matrix (ECM) and generating oxygen
radicals [25]. Furthermore, also P. gingivalis is responsible
for ECM modification, tight junction disruption, and tissue
damage [24]. Considering the genetic similarity between
P. gingivalis and other Porphyromonas species, we may spec-
ulate that P. somerae may similarly induce host epithelial
cell damage, favoring inflammation and triggering bladder
carcinogenesis. In the present study, we did not analyze
the potential role of P. somerae in BCa pathogenesis, but
the observed increase in abundance, specific in these
patients, encourages us to hypothesize its possible role in
BCa onset and/or progression.

The peculiar increase of Porphyromonas that we observed
in urine from BCa patients may also depend on the higher
number of male patients in our study group; in fact, the dif-
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ference in the urobiomes of BCa male and female patients is
well established [23,28]. Our observations may also be
influenced by the geographical area from which our
patients have been recruited compared with the data
obtained in previous different studies [29], since it is well
known that ethnic groups or geographical areas influence
microbiome greatly [30]. However, given the strict correla-
tion we found between BCa in male patients and Porphy-
romonas, similar studies in other populations should be
performed.

A strength of our study was the choice to simultaneously
sequence the three hypervariable regions V3, V4, and V6 of
the 16S rRNA gene, with respect to the more frequent use of
V3 or V4 regions. Furthermore, the use of a combined pipe-
line exploiting two different statistical tests (DESeq2 and
LEfSe) allowed us to better identify differences in the uro-
biome of BCa patients. On the contrary, our study is not
devoid of limitations. The first limitation consists in the
low biomass of urinary microbiota [21], which forced us
to exclude several samples due to low DNA extraction yield.
A second limit consists in the possible presence of contam-
inants that could significantly alter the results due to the
low biomass of urine samples. To try to overcome this prob-
lem, at least in all the analytical steps, we added blank sam-
ples from extraction to sequencing, and we eliminated the
contaminants from the data analysis.
5. Conclusions

In conclusion, we propose FM urine as an advantageous
alternative and less expensive sample as compared with
CAT for urobiome profiling. Furthermore, we suggest that
Porphyromonas could be a possible biomarker to identify
patients with an increased BCa risk. Further investigations
on larger cohorts of BCa patients are required to confirm
such data and clarify the possible pathogenic role of Porphy-
romonas in the development and/or progression of BCa.
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