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highlighted role for antioxidant activity
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Abbas Ghaderi'?"

Abstract

Background Non-muscle-invasive bladder cancer (NMIBC) has a high recurrence rate and muscle-invasive bladder
cancer (MIBC) has unfavorable outcomes in urothelial bladder cancer (UBC) patients. Complex UBC-related protein
biomarkers for outcome prediction may provide a more efficient management approach with an improved clinical
outcome. The aim of this study is to recognize tumor-associated proteins, which are differentially expressed in
different stages of UBC patients compared non-cancerous tissues.

Methods The proteome of tissue samples of 42 UBC patients (NMIBC n=25 and MIBC n=17) was subjected to two-
dimensional electrophoresis (2-DE) combined with Liquid chromatography—mass spectrometry (LC-MS) system to
identify differentially expressed proteins. The intensity of protein spots was quantified and compared with Prodigy
SameSpots software. Functional, pathway, and interaction analyses of identified proteins were performed using
geneontology (GO), PANTHER, Reactome, Gene MANIA, and STRING databases.

Results Twelve proteins identified by LC-MS showed differential expression (over 1.5-fold, p < 0.05) by LC-MS,
including 9 up-regulated in NMIBC and 3 up-regulated in MIBC patients. Proteins involved in the detoxification
of reactive oxygen species and cellular responses to oxidative stress showed the most significant changes in
UBC patients. Additionally, the most potential functions related to these detected proteins were associated with
peroxidase, oxidoreductase, and antioxidant activity.

Conclusion We identified several alterations in protein expression involved in canonical pathways which were
correlated with the clinical outcomes suggested might be useful as promising biomarkers for early detection,
monitoring, and prognosis of UBC.
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Background

Urothelial bladder cancer (UBC) is the most prevalent
cancer of the urinary system, with estimating incidence
of 573,278 cases, globally [1]. Exposome factors like
tobacco smoking and exposure to occupational tox-
ins are the most principal risk factors that play a role in
the occurrence of UBC [2]. According to molecular and
pathological characteristics, UBC patients are divided
into heterogeneous subgroups, including non-muscular
invasive bladder cancer (NMIBC) (stages Ta and T1), and
muscular invasive bladder cancer (MIBC) (stages T2 and
above) [3, 4]. Approximately 80% of UBC patients initially
are diagnosed with NMIBC whereas the remaining~20%
of the patients are diagnosed with MIBC which has a
high progression rate and poor prognosis [5]. Despite,
recent promising advances in clinical diagnostic meth-
ods, as well as, improvements in surgical and immune
regional therapies, the high recurrence risk (between 50
and 70% of cases) of UBC remains challenging [6, 7].

Therefore, identification of tumor at early stages is
paramount to prevent progression to metastasis of UBC
patients [8, 9]. Considering the inconvenience, invasive-
ness, low sensitivity, and low specificity (particularly false
negatives) of current diagnostic methods and lack of
appropriate prognostic biomarkers for UBC a search for
novel molecular biomarkers becomes more indispensable
[6, 10].

Until now, various efforts have been made to character-
ize the potential biomarkers for UBC, among those, pro-
teins are the most interesting biological targets [11, 12].
Protein biomarkers are critically important because any
alterations in the protein profile significantly reflects the
pathological conditions of tumors, which can be consid-
ered as effective targets for early cancer detection, regu-
lar screening, and immediate treatment solutions [13].
For investigating protein biomarkers, tumor tissue is
exclusively important [14].

Thus far, several proteomics studies have proposed
candidate proteins with differential expression biomark-
ers in UBC [15-17]. Strikingly, contradictory results due
to the high heterogeneity of bladder tumors warrants fur-
ther investigation particularly in clinical applications are
needed.

This study aimed to recognize the proteome changes
associated with UBC that could lead to a better insight
into molecular mechanisms and pathophysiology of this
cancer. Towards that end, we compared the proteome of
tissue samples from NMIBC and MIBC patients using
two-dimensional electrophoresis (2-DE) combined with
a mass spectrometry (MS) technique. Through 2-DE,
we identified several alterations in protein expression
and found the canonical pathways were correlated with
the clinical outcomes that may be useful as promising
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biomarkers for early detection, monitoring, and progres-
sion of UBC.

Materials and methods

Samples collection

In this study, samples were obtained from 42 newly diag-
nosed UBC patients who had undergone transurethral
resection of bladder tumor (TURBT) and radical cys-
tectomy. After, obtaining informed consent from each
patient according to the Declaration of Helsinki and was
approved by the local Ethics Committee of Shiraz Uni-
versity of Medical Sciences [IR.SUMS.REC.1400.369].

Samples from cancerous and adjacent non-cancerous
tissues were collected from each patient from the sur-
gery department of Namazi and Mother and Child uni-
versity Hospitals (Shiraz, Iran) between 2021 and 2022.
Fresh tumor tissues without any non-tumor tissue were
washed three times with a cold PBS, snap frozen in liquid
nitrogen, and stored at -80°C until the proteomics sample
preparation and LC-MS analysis.

UBC patients with concurrent other malignant dis-
eases, autoimmune diseases, previous history of TURBT
chemotherapy, radiation therapy, or opium addiction as
well as having a history of infectious diseases during a
month before sampling were excluded from this study.
All tumors were analyzed and characterized by an expe-
rienced pathologist. The tumor stage of UBC patients
was determined according to the Union for International
Cancer Control (UICC) (8th edition) and the 2016 World
Health Organization criteria [18].

Protein extraction

Aliquots of ~100 mg NMIBC and MIBC pooled tumor
tissues were suspended in 1ml of urea lysis solution (7 M
urea, 2 M thiourea, 40 mM dithiothreitol (DTT), 2%
(w/v) 3-[(3-cholamidopropyl) dimethylammonio]-1-pro-
panesulfonate (CHAPS), 2% (v/v) immobilized pH gradi-
ent (IPG) buffer (PH 3-10 NL), and one complete mini
protease inhibitor cocktail tablet per liter. Afterward
incubated at room temperature for 2 h with shaking to
dissolve the tissue. Then, the lysates were centrifuged at
10,000 g for 20 min. The supernatant was collected and
protein concentration was measured using Bio-Rad pro-
tein assay [19] with bovine serum albumin (BSA) as the
standard. Following this, the protein lysates were stored
at -80°C until isoelectric focusing.

Isoelectric focusing (IEF) and SDS-polyacrylamide gel
electrophoresis (SDS-PAGE)

Extracted protein (proximally 500 pg) was added to
thiourea rehydration buffer (7 M urea, 2 M thiourea 2
CHAPS (w/v), 1% bromophenol blue, and 2% (v/v) IPG
buffer). The mixture was applied on 18-cm IPG gel strips
(pH 3-10 nonlinear (NL)) (GE Healthcare Bio-Sciences
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AB, USA) and incubated at room temperature for 45 min.
Then, actively rehydrated for 16 h at 50 V. Strips were
then focused for 60000Vh at 20°C within the BioRad Pro-
tean IEF Cell to separate proteins according to their iso-
electric point (PI).

After IEF, the strips were equilibrated and reduced in
the presence of equilibration buffer 6 M urea, 29.3% (v/v)
glycerol, 2% (w/v) SDS, and 75 mM Tris-HCL containing
2% (w/v) DTT and then in the equilibration buffer con-
taining 5% (w/v) iodoacetamide.

The equilibrated IPG strips were loaded onto the top of
a 12% (w/v) SDS-PAGE and the proteins were separated
according to their molecular weight (MW) using Bio-
Rad Protean IIxi. Then, the gels were visualized using a
modified Coomassie brilliant blue G-250 (CBB) staining
method.

2D-gel images analysis and protein mass spectrometry
The protein patterns in the stained 2D-gels were analyzed
using the BioRad GS-800™ calibrated densitometer at a
resolution of 300 dpi and recorded for further analysis.
Spot detection and image matching were performed with
SameSpots v5.1 software (Nonlinear Dynamics, New-
castle, UK). For image alignment protein gel maps of
NMIBC group were considered as a reference for accu-
rate analysis of differential expression. The labeled spots
on each image were matched by SameSpots advanced
algorithms based on their shape, size, and intensity.

Spots that were present in only one group or exhibited
statistically significant (P<0.05) and more than 1.5-fold
changes in expression were selected for further identifi-
cation using the timsTOF™ PRO2 LCMS system.

Excised protein spots were prepared for LC-MS based
identification essentially according to [20]. Protein spots
were destained by acetonitritrile (AcN, Sigma-Alrich)-
100mM Ammoniumbicarbonate (Ambic, Sigma-Aldrich)
incubation steps (10 min) at 0%, 50% and 100%AcN. At
100%AcN the gel plugs were dehydrated and remaining
AcN evaporated by vacuum centrifugation. In-gel reduc-
tion and alkylation were performed at 10mM TCEP
and 25mM chloroacetic acid (Sigma-Aldrich, CAA)
for 30 min at 56 C followed washing step with dehydra-
tion by 50% and 100% AcN incubations. The shrinked
gel-plugs were swelled in trypsin digestion buffer (0.5ug
in 50mM Ambic) and incubated O/N at 37°C. Peptides
were extracted and peptide concentration measured by
fluorescent quantitative peptide assays (Pierce). A total of
500ng peptide were loaded on Evotips according to man-
ufacturer’s recommendations and analyzed by LC-MS
using Evosep One (Evosep, Odense, Denmark) inter-
faced to a timsTOF PRO2 (Bruker, Bremen, Germany)
using a 100SPD method and standard nESI-PASEF in
positive ion mode. Protein identifications were accom-
plished by database searching against a human reference
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proteome database (UP000005640_9606; 20.460 proteins;
NOV2022) using Maxquant (v. 2.0.3.0) with default set-
tings and fixed modifications (carbamitometyl C) and
variable (oxidizedM). Protein identifications were filtered
and sorted according to number of peptides associated to
the protein sequence, sequence coverage, theoretical pl
and molecular weight in comparison to experimentally
obtained pI for the analyzed gel-spot. Experimental raw
and search outputs are available in the PRIDE repository
(PXNNN).

Protein interaction and pathway analysis

Gene ontology (GO) terms (http://geneontology.org)
and PANTHER (protein analysis through evolutionary
relationships) (http://pantherdb.org) web-based data-
bases were conducted for categorizing identified pro-
teins to their biological process, cellular component, and
molecular function. Also, protein-protein interaction
(PPI) networks of the selected proteins were performed
using GeneMANIA (https://genemania.org), Reactome
pathway, and STRING (Search Tool for the Retrieval of
Interacting Genes/Proteins) v.11-5 database (https://
string-db.org) with high confidence limit (<0.70). The
significant threshold of adjustment was considered to be
P<0.05.

Statistical analysis

Prodigy SameSpots software package was performed
to detect 2-DE spot differences between groups by the
ANOVA and false discovery rate. Statistical analysis was
conducted using the SPSS version 22.0 (SPSS Inc., Chi-
cago, IL). P<0.05 was considered statistically significant.

Results

Demographics and clinical characteristics of patients

To find biomarkers that can distinguish between different
stages of UBC, tissue specimens from 42 patients (male,
31; female, 11; median age, 66.85+9.61 years) were com-
pared in three groups: NMIBC (Ta/T1, n=25), MIBC
(T2/T3/T4, n=17), and adjacent non-cancerous (n=10)
group. The clinicopathological characteristics of UBC
patients are summarized in Table 1.

Tissue proteome data

Gel images were grouped in NMIBC, MIBC, and adja-
cent non-cancerous tissues. The protein gel map of the
NMIBC group was considered as a reference for protein
matching and comparing other groups. The results of
tissue proteome analysis revealed 12 protein spots with
significant differential expression among NMIBC, MIBC,
and adjacent non-cancerous groups. These spots of inter-
est were located at approximately PI 5 to 9 and MW 21 to
38 kDa (Fig. 1). Nine spots were up-regulated in NMIBC
and three of them were up-regulated in MIBC patients.
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Table 1 The clinicopathological characteristics of 42 urothelial
bladder cancer patients

Clinico- NMIBC (%) MIBC (%) p-value Noncan-
pathological n=25 n=17 cerous (%)
characteristics n=10
Gender
Male 18 (72) 13 (76.47) 0.74 7(70)
Female 7 (28) 4(23.52) 3(30)
Age (mean+SD) 6648+9.29 66.76+11.62 66.10£7.03
Histological grade
Low grade 13 (52) 1(5.88) 0.002* -
High grade 12 (48) 16(94.11) -
Tumor size (cm)
<3 15 (60) 12 (70.58) 0.53 -
>3 10 (40) 5(2941) -
Pathological T stage

Ta/T1 T2/T3/T4 -

NMIBC, Non-muscle-invasive bladder cancer; MIBC, muscle-invasive bladder
cancer; * p>0.05

The list of proteins identified by Uniprot databases and
tandem MS analysis data set are shown in Supplementary
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Table 1. Protein lists with identifications>1 per spot were
ranked by protein sequence coverage, number of identi-
fied peptides per protein, and the theoretical MW-pl
based on the associated human accession number.

Differential protein expression profiles
Protein spots identified by LC-MS were biliverdin
reductase B (BLVRB), NAD+-dependent 15-hydroxy-
prostaglandin dehydrogenase (PGDH or HPGD), 3
molecular isoforms of peroxiredoxin (PRDX1, 2, and 6),
glutathione s-transferase M1 (GSTM1), proteasome acti-
vator complex subunit 1 (PSMEL), heat shock protein
beta-1 (HSPB-1), macrophage-capping protein (CAPG),
pyrimidine nucleoside monophosphate kinase (UMP/
CMPK), annexin-I (ANXA1), phosphoglycerate mutase 1
(PGAM1). Twelve selected spots were identified as 9 pro-
teins and 3 isoforms proteins. Twelve identified proteins
are shown in Table 2.

We have also examined the ProteomicsDB database
(https://www.proteomicsdb.org) with the list of our 12
identified proteins for insight that these proteins had

Fig. 1 2-DE gel image. The differentially expressed protein spots are numbered as same in Table 2
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Table 2 Protein spots identified by Uniprot databases and MS
analysis data set of the bladder cancer tissue samples

No Protein name Spot Pl Theo-
No. retical
MW
[kDal]
NMIBC
1 Peroxiredoxin (PRDX1) 1 827 22,11
2 Pyrimidine nucleoside monophos- 3 544 22722
phate kinase (UMP/CMPK)
3 Glutathione S-transferase M1 (GSTM1) 4 543 23,356
4 Phosphoglycerate mutase 1 (PFGAM1) 5 6.67 28804
5 Peroxiredoxin (PRDX6) 8 6 25,035
6 Proteasome activator complex sub- 9 578 28,723
unit1 (PSMET)
7 Heat shock protein beta-1 (HSPB-1) 10 598 22,782
8 Annexin-l (ANXAT) 11 6.57 38,714
9 Macrophage-capping protein (CAPG) 12 582 38498
MIBC
10 Biliverdin Reductase B (Flavin 2 713 22,119
Reductase) (BLVRB)
1 Peroxiredoxin (PRDX2) 6 566 2,892
12 15-hydroxyprostaglandin dehydroge- 7 556 28977
nase (HPGD)

pl - isoelectric point; MW, molecular weight; non-muscle-invasive bladder
cancer, NMIBC; muscle-invasive bladder cancer, MIBC.

Sample source

[ ’—‘—\
ﬂ- e e e IO P Ny |

- 1 i £

-
ATARIh

Fig. 2 Expression heatmap. Compare of 12 identified proteins expression
over various tissues

been detected in which tissues. The results of our anal-
ysis showed, these proteins are expressed in most other
tissues. According to this map, the HSPB1 protein has a
high expression level and ten proteins (BLVRB, PRDX1,
PRDX2, PRDX6, GSTM1, PSME1l, CAPG, CMPKI1,
ANXA1, PGAMI1, and PGDH) have low to medium
expression levels in normal bladder tissue (Fig. 2, the
eighteenth column).

Biological, functional, and pathway analysis

To gain insight into the biological functions associated
with identified proteins in GO categories PANTHER
classification was performed (FDR P<0.05). As a result
of this analysis, the detected proteins were found to be
involved in cell activation, cell redox homeostasis, cellu-
lar response to chemical stimulus, cellular detoxification,
response to reactive oxygen species (ROS), and response
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to oxidative stress. Also, GO cellular component
term analysis revealed these proteins are significantly
expressed in the extracellular exosome/region and cyto-
sol compartments. These proteins generally functioned
as peroxiredoxin, oxidoreductase, peroxidase, thiore-
doxin peroxidase, and cadherin binding activity (P <0.05)
(Fig. 3). The list of GO enriched in proteins is summa-
rized in Supplementary Table S2.

Protein-Protein Interaction Network Analyses

The possible relationship between the identified proteins
was analyzed using the GeneMANIA database. Accord-
ing to the GeneMANIA database, the highest interaction
weight in our analysis was related to the co-expression
of ANXA-1 and BLVRB (p=0.001) as well as physical
interactions between PRDX6 and HSPB1 (p=0.002). The
most significant functions were associated with the per-
oxidase activity (FDR=1.02e-7), oxidoreductase activ-
ity (FDR=1.13e-6), antioxidant activity (FDR=4.23e-6),
nucleoside diphosphate metabolic process (FDR=7.92e-
5), cellular detoxification (FDR=3.60e-4), and regulation
of cellular ketone metabolic process (FDR=3.60e-4).
Furthermore, the network showed co-expression link
weight between BLVRB and ANXA1 (p=0.001) (Fig. 4).
Also, STRING database was used to study a possible rela-
tionship between the differentially expressed proteins
and PPI with a high local clustering coefficient (<0.7).
The network created an interaction between the total 12
nodes and 17 edges with an average node degree of 2.83
and a PPI enrichment (P<1.0e-16) (Fig. 5). These clus-
ters share interactions among themselves, indicating that
these molecules could play key roles in diverse pathways
that contribute to UBC pathology. In addition, the detox-
ification of ROS and cellular responses to stress were the
most significant Reactome pathways among identified
proteins (FDR=1.76e-05 and 0.0124, respectively). All
Reactome topology pathways obtained from over-repre-
sentation analysis are shown in Supplementary Table S3.
These pathways are ranked according to the p-value and
FDR.

Discussion

In the current study, we performed a comparative 2-DE
based proteomics analysis combined with LC-MS/MS
protein identification in UBC proteins obtained from
NMIBC and MIBC tissue specimens to identify candi-
date protein biomarkers to be used as non-invasive diag-
nostic and prognostic tools. We employed an integrated
analysis to identify biomarkers that may be associated
with disease progression and prognosis. Our results
revealed that despite the overall similarity in protein
expression pattern, at least twelve proteins were differ-
entially, and reproducibility expressed. Nine proteins up-
regulated in NMIBC tissues (PRDX1, PRDX6, GSTM1,
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PANTHER Protein Class PANTHER Pathway

Chaperone

Furpeudis SV

PANTHER GO-Slim Molecular Function PANTHER GO-Slim Biological Process

M biological adhesion
M biological regulation -
M cellular process

M developmental process

growth
B immune system process
M localization
M locomotion
B metabolic process
B multicellular organismal
B reproduction

M reproductive process
M response to stimulus
signaling_

Fig. 3 PANTHER classification of twelve identified proteins
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proteins; Colors in nodes is related to a function malignancy at the cellular, genomic, transcriptional, and
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molecular alterations levels which lead to differences
in phenotypical characteristics and resistance to thera-
pies [21]. Our data demonstrated some differentially
expressed proteins which may improve early diagnosis of
UBC patients.

According to the pathway analysis obtained from the
current study, a vast range of aberrantly expressed pro-
teins are related to the processes of cellular response
to stimuli such as chemical stress and reactive oxygen
species. Overexpression of these proteins in cancerous
bladder tissue may reflect their protective role in detoxifi-
cation process of chemical compounds e.g., what is found
in tobacco smoke [22]. On the other hand, immunohis-
tochemistry (IHC) validation analysis by the Human
Protein Atlas (PHA) shows that CAPG has not been
previously reported in UBC tissue specimens, the rest of
identified proteins in this study had been shown to have
low to high expression levels in UBC tissue.

Previously, it has been found that dysregulation of the
cellular redox homeostasis in pursuit of increasing levels
of ROS leads to molecular damage that promotes various
pathological processes of tumorigenesis [23]. Notably,
most of the identified proteins in this study were involved
in oxidative stress. PRDXs are antioxidant enzymes
which involved in several biological processes cell
growth, immune response, as well as intracellular redox
homeostasis, and antioxidant function [24]. PRDX1 is a
major member of the antioxidant enzymes involved in
many cellular signaling pathways. Anti-apoptotic activity
of PRDX1 reduces the intracellular accumulation of ROS
that plays a pivotal role in the progression and invasion of
various cancers [25, 26]. The results of some studies have
previously demonstrated that antioxidant systems are
activated to combat oxidative stress induced by ROS in
cancer cells [25, 27].

In this study, we found expression of PRDX1 was signif-
icantly elevated in NMIBC compared to MIBC tissues. In
line with our results, the positive expression levels of the
PRDX1 in bladder tumor specimens and its association
with recurrence and survival rates of UBC patients had
been reported [28]. In a proteomics study, overexpression
of PRDX1 was significantly associated with poor progno-
sis in ovarian cancer [29].

We also observed a significant increase in the expres-
sion of PRDX6 in NMIBC patients. Previous studies
showed elevated expression levels of PRDX6 in a variety
of metastatic potential, and poor prognosis cancers [30,
31]. Additionally, there is direct evidence that PRDX6
modulates the JAK-STAT3 pathway which enhances
the proliferation of bladder tumor cells [27]. In another
study, overexpression of PRDX6 promoted pathological
tumorigenesis conditions in cervical cancer cells [30].

In parallel, PRDX2 is the most efficient endogenous
antioxidant compared with the other antioxidants which
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has both tumor suppressor and tumor promoting activi-
ties [32]. Moreover, the effects of PRDX2 regulation on
intracellular signaling of PRDX6 have been correlated
with different aspects of tumor behavior such as inva-
sive, apoptosis, as well as, resistance to chemotherapeu-
tic agents and tumor recurrence [33, 34]. The oncogenic
property of PRDX2 by degradation of p53 has previ-
ously been suggest [35]. On the contrary, PRDX2 acts as
a tumor suppressor molecule depending on the tumor
type and tumor stage [32]. Also, a comparative urine
proteomics study reported the evaluation of PRDX2 in
the urine sample of bladder cancer patients in different
stages which confirms our study [36].

In this study, we found that expression of PRDX1 and
PRDX6 was significantly elevated in NMIBC compared
to MIBC tissues. Whereas, PRDX2 was significantly
increased in MIBC tissues. It seems that the PRDX1 and
PRDX6 may be considered diagnostic and prognostic
biomarker for UBC and up-regulation of these proteins
can be correlated with unfavorable prognosis in UBC
patients. In similar, high PRDX2 expression in MIBC
patients had a worse prognosis. However, the biological
functions of these three PRDXs in UBC have not been
completely explored.

We also found PGAM1 which is a glycolytic enzyme
stimulates anabolic pathways and keeps redox balance
under hypoxic conditions. Increasing evidence sup-
ports that aberrant expression of PGAMI in several can-
cers promotes tumor growth and progression [37-39].
PGAMI1 regulates Hypoxia-inducible factor 1o (HIF-1a)
and PI3K/Akt/mTOR pathways that in turn can provide
required energy for proliferation, invasion, and metas-
tasis of tumor cells [40]. In a 2-DE and ESI-Q-TOF MS/
MS-based proteomic study PGAM1 significantly up-
regulated in UBC tissue compared with adjacent normal
tissue [41]. It has been shown that PGAML1 silencing can
suppress the oncogenic effect of mammalian target of
rapamycin (mTOR)-mediated tumorigenesis [42].

In parallel, the BLVRB is a multifunctional enzyme that
mediated redox regulation and is known to regulate the
activity of kinase signaling pathways in a diverse manner
[43]. Moreover, BLVRB is recognized as a major endoge-
nous antioxidant enzyme which predominantly expresses
in the embryonic stage. Interestingly, it was reported
that overexpression of BLVRB indicates the early stage of
tumor development which highlights the role of hypoxia
condition in the tumor induction [44]. However, there
has been limited evidence on the association of BLVRB
proteins and their possible pro-carcinogenic mechanism
in cancers. Overexpression of BLVRA protein had been
detected in prostate cancer tissue as a diagnostic bio-
marker by MALDI-MS [45]. Significantly, the oncogenic
function of BLVRB has not been evaluated in UBC and
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our study is the first report of BLVRB up-regulation in
UBC by proteomics method.

High expression levels of GSTP1 have been reported in
relation to tumor growth, drug resistance, and carcino-
genesis in colorectal [46], prostate [47], and breast cancer
[48]. In line our data, the up-regulation of GSTP1 con-
tributes to an increase in detoxification functions and
altered apoptotic pathways of urothelial bladder cells
[49]. It is interesting that exposure to potentially carci-
nogenic compounds such as benzo[a]pyrene and tobacco
smoke induces the expression of GSTP1 to eliminate
toxic substances in urothelial bladder cells [50, 51]. How-
ever, GSTP1 not only has both physiologic and patho-
logic functions but also can be considered as a potential
marker for UBC. PSME1 was another protein that we
identified in associated with cell detoxification. PSMEL1 is
involved in virtually all cellular processes and participates
in many essential cellular processes like cell cycle, protein
quality control, immune responses, as well as cell survival
or death by its proteostasis function [52]. Accordingly,
increasing evidence has shown that up-regulated PSME1
has been considered as a prognostic parameter and also
a factor involved in the tumorigenesis [53]. Affinity chro-
matography followed by MS analysis study reported the
high expression of PSME1 correlated with the primary
and metastatic phases in prostate cancer [54]. Similarly,
high expression levels of PSME1 were associated with
favorable overall survival of skin cutaneous melanoma
[55]. Although, the exact role of PSMELI in the tumor
progression and its possible role in UBC immunotherapy
has not yet been assessed.

Additionally, HSPB1 is recognized as a chaperone
expressed in response to different kinds of cellular stress
[56]. Besides, changes in HSPB1 expression are linked
to tumor growth, metastatic potential, deleterious resis-
tance to chemotherapy, tumor aggressiveness, and poor
clinical outcomes in various types of carcinomas [57, 58].
This protein with antiapoptotic activity and tumorigenic
properties is considered an important therapeutic target
in cancer [59]. HSPE1 was significantly elevated in urine
specimens of patients with UBC and regarded as a poten-
tial protein marker for early detection [60]. Nevertheless,
in a conflicting result, HSBP1 knockdown revealed a sig-
nificant association with adverse pathological charac-
teristics of UBC cell lines although the authors have not
observed any association with apoptosis effect, chemo-
therapeutic sensitivity, and clinical outcomes on tumor
cells [61]. In the present study, we observed up-regu-
lation of HSPB1 in NMIBC patients therefore, our date
supports the previous notion that this biomarker may be
a useful tool for early detection of UBC.

Increasing cell motility by up-regulation of CAPG
might also lead to tumorigenesis and enhanced metas-
tasis in bladder transitional cell carcinoma [62]. CAPG
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knockdown significantly inhibited cell cycle, migration,
and progression through CDC42 and the extracellular
signal-regulated kinase 1/2 ERK/ the mitogen-activated
protein kinase (ERK/MAPK) signaling [41]. In line with
our study, the positive expression of CAPG protein iden-
tified by 2-DE and LC-MS/MS analysis was associated
with pathophysiological characteristics and a high recur-
rence rate in MIBC patients [63]. Therefore, high CAPG
expression could be related to clinical stage and poor
prognosis.

Furthermore, studies have described that localization
of the CMPK1 (UMP/CMPK) in the nucleus and cyto-
plasm could accrue in several cancer cells which have
also been identified as a prognostic marker [64, 65]. A
previous study identified and validated CMPK1 as a
prognostic marker for triple-negative breast cancer by
MS [66]. CMPK1 was overexpressed in human epithelial-
type ovarian cancer through the TGF-p signaling path-
way [67]. These results suggest that CMPK1 could serve
as a prognostic biomarker in bladder cancer.

ANXA1 by activating the EGFR signaling cascade facil-
itates the proliferation, invasion, and migration of UBC
cells that ultimately led to the progression and poor prog-
nosis [68]. Studies in bladder tumor tissues have shown
that ANXA1 had prognostic value in MIBC patients [69].
In a recent study by LC-MS shotgun analysis, ANXA1
was introduced as a predictor in patients with differ-
ent relapse risks [70]. Up-regulation of ANXA1 was also
reported with a role in a variety of tumor development
processes and metastasis-free survival in high-grade
compared to low-grade UBC [71].

Finally, we identified the up-regulation of PGDH in
MIBC tissues. As demonstrated in several studies, the
expression of the PGDH has been significantly decreased
in various types of cancer tissues which assuming to act
as a potential tumor suppressor by inhibiting prolifera-
tion and differentiation of cancer cells [72-74]. While
most reports revealed low expression levels of PGDH in
different cancers, high expression levels of PGDH have
been observed in ovarian cancer [75]. Also, high expres-
sion of PGDH promoted invasion in breast cancer [76].
Nevertheless, there are limited studies on PGDH expres-
sion in urinary bladder cancer. The PGDH expression
inhibition contributes to increased malignancy in the
well-differentiated bladder cancer cell line [77]. Never-
theless, there are limited studies on PGDH expression
in UBC. Furthermore, the biological role and the func-
tion of PGDH as a tumor suppressor have not yet been
explored in UBC.

Our study identified several target proteins that show
promise as potential biomarkers for UBC. The identi-
fication of these proteins as potential biomarkers has
important implications for clinical practice, as they may
be used for earlier detection, prognosis, and monitoring
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of UBC. Further comparative analyses within the UBC
patient population, particularly among different stages or
grades are needed to confirm these findings.

Conclusion

Taken together, our study represents UBC comparative
proteome analysis in NMIBC and MIBC. Our data con-
firms the results of previous studies, however most of
those were limited to western blot analysis, gene expres-
sion, and IHC methods. Collectively, contradictions are
observed in the results of previous studies, which can
be due to the differences in the pathological conditions
of each tumor, differences among methods, and the con-
tribution of different genetic backgrounds of studied
populations.

The small sample size in the MIBC group was one of
the limitations of this study which largely enrolled by
strict criteria of not using any therapeutic intervention
and identifying the patients with the first sign of hema-
turia. Moreover, the use of adjacent non-cancerous
tissue may not be desirable due to limited access to nor-
mal bladder samples owning to genetic abnormalities.
Based on the National Cancer Institute’s Early Detection
Research Network (NIH), our identified proteins have
not been investigated for routine clinical practice yet.
Hence, the validation of identified proteins, particularly
using studies with a very large clinical cohort to evalu-
ate their potential clinical utilities in diagnosis or prog-
nosis, could be useful for further verification and quality
control.
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ANXA1 Annexin-|

PGAM1 Phosphoglycerate mutase 1

ROS Response to reactive oxygen species

Page 9 of 11
IHC Immunohistochemistry
PHA Human Protein Atlas
HIF-1a Hypoxia-inducible factor 1a
mTOR Mammalian target of rapamycin
ERK Extracellular signal-regulated kinase
MAPK Mitogen-activated protein kinase
GO Geneontology
NIH National Cancer Institute’s Early Detection Research Network

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/512014-023-09419-8.

Supplementary Table S1: The list of proteins identified by Uniprot data-
bases and tandem MS analysis data set

Supplementary Table S2: The list of GO enriched in 12 identified proteins

Supplementary Table S3: Reactome topology pathways obtained from
over-representation analysis

Acknowledgements

We thank all the persons in Shiraz Institute for Cancer research (ICR) who help
us with this work. We would also like to acknowledge the support by the
Shiraz University of Medical Sciences and PRIDE team.

Author contributions

ST performed the sample collection, experiments, carried out the data
analysis, prepared the manuscript drafting. MRH involved in conception,
design, and revised the manuscript. AA provided clinical samples. AS
performed the mass-spectrometry (MS) and participated in MS data
processing. KG performed the MS. SHF revised the manuscript drafting. AGH
designed the main idea, financial support, supervised this study and revised
the manuscript. All authors read and approved the final manuscript.

Funding Statement

This study was adapted from a thesis for the Ph.D. degree of Samira Tabaei.
This work was financially supported by Shiraz University of Medical Sciences
(grant No. 23083) and in part by Shiraz Institute for Cancer research (grant No.
ICR-100-503). The study was conducted at Shiraz Institute for Cancer Research,
School of Medicine, Shiraz University of Medical Sciences, Shiraz, Iran. The
Danish National Mass Spectrometry Platform for Functional Proteomics
(PRO-MS; grant no. 5072-00007B); the Obel Family Foundation and the Svend
Andersen Foundation are acknowledged for grants to the analytical platform
enabling parts of this study. Finally, the authors would like to thank the PRIDE
team for making the proteomics data publicly available.

Data Availability

The data that support the findings of this study are available on request from
the corresponding author. All data generated or analyzed during this study are
included in this published article.

Declarations

Ethics approval and consent to participate

Informed consent was obtained from all participants included in the study.
All procedures for tissue sample collection have been ethically approved
by the Ethics Committee of Shiraz University of Medical Sciences [IR.SUMS.
REC.1400.369].

Consent for publication
All authors consent to the publication of this manuscript.

Competing interests
The authors declare no competing interests.

Author details
'Department of Immunology, School of Medicine, Shiraz University of
Medical Sciences, Shiraz, Iran


https://doi.org/10.1186/s12014-023-09419-8
https://doi.org/10.1186/s12014-023-09419-8

Tabaei et al. Clinical Proteomics (2023) 20:28

“Shiraz Institute for Cancer Research, School of Medicine, Shiraz University
of Medical Sciences, Shiraz, Iran

*Department of Urology, School of Medicine, Shiraz University of Medical
Sciences, Shiraz, Iran

“Integrative Oncology Department, Breast Cancer Research Center,
Motamed Cancer Institute, ACECR, Tehran, Iran

°Department of Health Science and Technology, Aalborg University,
Gistrup 9260, Denmark

SClinical Cancer Research Center, Aalborg University hospital,

Gistrup 9260, Denmark

Received: 12 February 2023 / Accepted: 10 July 2023
Published online: 27 July 2023

References

1. Lobo N, Afferi L, Moschini M, Mostafid H, Porten S, Psutka SP et al. Epidemiol-
ogy, screening, and Prevention of bladder Cancer. Eur Urol Oncol. 2022.

2. Van Osch FHM, Jochems SHJ, Wesselius A, Van Schooten FJ, Bryan RT, Zeegers
MP. A stratified meta-analysis of the association between exposure to envi-
ronmental tobacco smoke during childhood and adulthood and urothelial
bladder cancer risk. Int J Environ Res Public Health. 2018;15(4):569.

3. Jordan B, Meeks JJ. T1 bladder cancer: current considerations for diagnosis
and management. Nat Rev Urol. 2019;16(1):23-34.

4. Zhu S, YuW, Yang X, Wu C, Cheng F. Traditional classification and novel sub-
typing systems for bladder cancer. Front Oncol. 2020;10:102.

5. HuX, Li G, WuS. Advances in diagnosis and therapy for bladder cancer.
Cancers (Basel). 2022;14(13):3181.

6. Matuszczak M, Kiljariczyk A, Salagierski M. A liquid biopsy in bladder Cancer—
the current Landscape in urinary biomarkers. Int J Mol Sci. 2022,23(15):8597.

7. Jeong S, Han JH, Jeong CW, Kim HH, Kwak C, Yuk HD, et al. Clinical determi-
nants of recurrence in pTa bladder cancer following transurethral resection of
bladder tumor. BMC Cancer. 2022:22(1):1-6.

8. TayC, QianY, Sakaguchi S. Hyper-progressive disease: the potential role and
consequences of T-regulatory cells foiling anti-PD-1 cancer immunotherapy.
Cancers (Basel). 2020;13(1):48.

9. Tan WP Tan WS, Inman BA. PD-L1/PD-1 biomarker for metastatic urothelial
cancer that progress post-platinum therapy: a systematic review and meta-
analysis. Bl Cancer. 2019;5(3):211-23.

10.  Soria F, Krabbe LM, Todenhdfer T, Dobruch J, Mitra AP, Inman BA, et al.
Molecular markers in bladder cancer. World J Urol. 2019;37(1):31-40.

11, Tabaei S, Haghshenas MR, Webster TJ, Ghaderi A. Proteomic strategies for uro-
thelial bladder cancer diagnosis, prognosis and treatment: Trends for tumor
biomarker sources. Anal Biochem [Internet]. 2023;115074. Available from:
https://www.sciencedirect.com/science/article/pii/S0003269723000398.

12. Ahn JH, Kang CK, Kim EM, Kim AR, Kim A. Proteomics for early detection of
non-muscle-invasive bladder Cancer: clinically useful urine protein biomark-
ers. Life. 2022;12(3):395.

13.  Leiblich A. Recent developments in the search for urinary biomarkers in blad-
der cancer. Curr Urol Rep. 2017;18(12):1-6.

14. Wilson JL Jr, Antoniassi MP, Lopes PI, Azevedo H. Proteomic research
and diagnosis in bladder cancer: state of the art review. Int braz j urol.
2021;47:503-14.

15. JianY,Xu Z, Xu C, Zhang L, Sun X, Yang D, et al. The roles of glycans in bladder
cancer. Front Oncol. 2020;10:957.

16. Chen CL, Chung T, Wu CC, Ng KF, Yu JS, Tsai CH, et al. Comparative tissue
proteomics of microdissected specimens reveals novel candidate biomarkers
of bladder cancer. Mol Cell proteomics. 2015;14(9):2466-78.

17.  Latosinska A, Mokou M, Makridakis M, Mullen W, Zoidakis J, Lygirou V, et al.
Proteomics analysis of bladder cancer invasion: targeting EIF3D for therapeu-
tic intervention. Oncotarget. 2017;8(41):69435.

18.  Brierley JD, Gospodarowicz MK, Wittekind C. TNM classification of malignant
tumours. John Wiley & Sons; 2017.

19.  Kruger NJ. The Bradford method for protein quantitation. protein Protoc
Handb. 2009;17-24.

20. Snipsayr MG, Wiggers H, Ludvigsen M, Stensballe A, Vorum H, Poulsen SH, et
al. Towards identification of novel putative biomarkers for infective endocar-
ditis by serum proteomic analysis. Int J Infect Dis. 2020,96:73-81.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32,

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Page 10 of 11

Meeks JJ, Al-Ahmadie H, Faltas BM, Taylor JA, Flaig TW, DeGraff DJ, et al.
Genomic heterogeneity in bladder cancer: challenges and possible solutions
to improve outcomes. Nat Rev Urol. 2020;17(5):259-70.

Caliri AW, Tommasi S, Besaratinia A. Relationships among smoking, oxidative
stress, inflammation, macromolecular damage, and cancer. Mutat Res Mutat
Res. 2021,787:108365.

Greenwood HE, Witney TH. Latest advances in imaging oxidative stress in
cancer. J Nucl Med. 2021;62(11):1506-10.

Bolduc J, Koruza K, Luo T, Pueyo JM, Vo TN, Ezerina D, et al. Peroxiredoxins
wear many hats: factors that fashion their peroxide sensing personalities.
Redox Biol. 2021;42:101959.

Wang G, Zhong WG, Bi YH, Tao SY, Zhu H, Zhu HX, et al. The prognosis of
peroxiredoxin family in breast cancer. Cancer Manag Res. 2019;11:9685.
Ding C, Fan X, Wu G. Peroxiredoxin 1-an antioxidant enzyme in cancer. J Cell
Mol Med. 2017;21(1):193-202.

Hindupur SV, Schmid SC, Koch JA, Youssef A, Baur EM, Wang D, et al. STAT3/5
inhibitors suppress proliferation in bladder cancer and enhance oncolytic
adenovirus therapy. Int J Mol Sci. 2020;21(3):1106.

Kumari N, Vasudeva P, Tanwar P, Hussain S, Kumar A, Agrawal U. Perox-
iredoxins-urinary surveillance biomarkers in Urothelial Cancer. J Cancer.
2022;13(9):2751.

Chung K, Lee DH, Kim Y, Kim T, heon, Huh JH, Chung S, geun, et al. Proteomic
identification of overexpressed PRDX 1 and its clinical implications in ovarian
carcinoma. J Proteome Res. 2010;9(1):451-7.

He Y, XuW, Xiao Y, Pan L, Chen G, Tang Y, et al. Overexpression of perox-
iredoxin 6 (PRDX6) promotes the aggressive phenotypes of esophageal
squamous cell carcinoma. J Cancer. 2018;9(21):3939.

Hu X. Overexpression and biological function of PRDX6 in human cervical
cancer. J Cancer. 2020;11(9):2390.

Nicolussi A, D'inzeo S, Capalbo C, Giannini G, Coppa A. The role of peroxire-
doxins in cancer. Mol Clin Oncol. 2017;6(2):139-53.

Gao L, Meng J, Yue C, Wu X, Su Q, Wu H, et al. Integrative analysis the charac-
terization of peroxiredoxins in pan-cancer. Cancer Cell Int. 2021;21(1):1-17.
Peng L, Wang R, Shang J, Xiong Y, Fu Z. Peroxiredoxin 2 is associated with
colorectal cancer progression and poor survival of patients. Oncotarget.
2017,8(9):15057.

Wang W, Wei J, Zhang H, Zheng X, Zhou H, Luo Y, et al. PRDX2 promotes

the proliferation of colorectal cancer cells by increasing the ubiquitinated
degradation of p53. Cell Death Dis. 2021;12(6):1-10.

Chen YT, Chen CL, Chen HW, Chung T, Wu CC, Chen CD, et al. Discovery of
novel bladder cancer biomarkers by comparative urine proteomics using
iTRAQ technology. J Proteome Res. 2010;9(11):5803-15.

Yang GJ, Tao F, Zhong HJ, Yang C, Chen J. Targeting PGAM1 in cancer: an
emerging therapeutic opportunity. Eur J Med Chem. 2022;114798.

Fareed MM, El-Esawi MA, El-Ballat EM, Batiha GES, Rauf A, El-Demerdash FM
et al. In Silico Drug Screening Analysis against the Overexpression of PGAM1
Gene in Different Cancer Treatments. Biomed Res Int. 2021;2021.

Frantzi M, Latosinska A, Flihe L, Hupe MC, Critselis E, Kramer MW, et al. Devel-
oping proteomic biomarkers for bladder cancer: towards clinical application.
Nat Rev Urol. 2015;12(6):317-30.

Liu X, Tan X, Liu b Wu'Y, Qian S, Zhang X. Phosphoglycerate mutase 1
(PGAMT1) promotes pancreatic ductal adenocarcinoma (PDAC) metastasis by
acting as a novel downstream target of the PI3K/Akt/mTOR pathway. Oncol
Res. 2018;26(7):1123.

Peng XC, Gong FM, Chen'Y, Qiu M, Cheng K, Tang J, et al. Proteomics iden-
tification of PGAM1 as a potential therapeutic target for urothelial bladder
cancer. J Proteom. 2016;132:85-92.

Sun Q, LiS,Wang Y, Peng H, Zhang X, Zheng Y, et al. Phosphoglyceric acid
mutase-1 contributes to oncogenic mTOR-mediated tumor growth and
confers non-small cell lung cancer patients with poor prognosis. Cell Death
Differ. 2018;25(6):1160-73.

Vasavda C, Semenza ER, Liew J, Kothari R, Dhindsa RS, Shanmukha S, et al. Bili-
verdin reductase bridges focal adhesion kinase to src to modulate synaptic
signaling. Sci Signal. 2022;15(733):eabh3066.

Gibbs PEM, Miralem T, Maines MD. Biliverdin reductase: a target for cancer
therapy? Front Pharmacol. 2015;6:119.

Ramberg H, Richardsen E, de Souza GA, Rakaee M, Stensland ME, Braadland
PR, et al. Proteomic analyses identify major vault protein as a prognostic
biomarker for fatal prostate cancer. Carcinogenesis. 2021;42(5):685-93.
Wang F, Zhang C, Zhu X, Zhang D, Zhang Z, Ni S et al. Overexpression of
GSTP1 promotes colorectal cancer cell proliferation, invasion and metastasis
by up-regulating STAT3. 2021.


https://www.sciencedirect.com/science/article/pii/S0003269723000398

Tabaei et al. Clinical Proteomics

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

62.

63.

(2023) 20:28

Vujicic |, Rusevski A, Stankov O, Popov Z, Dimovski A, Davalieva K. Potential
role of seven proteomics tissue biomarkers for diagnosis and prognosis of
prostate Cancer in urine. Diagnostics. 2022;12(12):3184.

Louie SM, Grossman EA, Crawford LA, Ding L, Camarda R, Huffman TR, et al.
GSTP1 is a driver of triple-negative breast cancer cell metabolism and patho-
genicity. Cell Chem Biol. 2016;23(5):567-78.

Pliesa-Ercegovac M, Savic-Radojevic A, Dragicevic D, Mimic-Oka J, Matic

M, Sasic T et al. Enhanced GSTP1 expression in transitional cell carcinoma

of urinary bladder is associated with altered apoptotic pathways. Urologic
oncology: seminars and original investigations. Elsevier; 2011. 70-7.
Stoddard EG, Killinger BJ, Nag SA, Martin J, Corley R, Smith JN, et al. Benzo

[a] pyrene induction of glutathione S-transferases: an activity-based protein
profiling investigation. Chem Res Toxicol. 2019;32(6):1259-67.

Albarakati N, Khayyat D, Dallol A, Al-Maghrabi J, Nedjadi T. The prognostic
impact of GSTM1/GSTP1 genetic variants in bladder cancer. BMC Cancer.
2019;19(1):1-11.

Kammerl IE, Meiners S. Proteasome function shapes innate and adaptive
immune responses. Am J Physiol Cell Mol Physiol. 2016;311(2):L.328-36.
Tripathi SC, Vedpathak D, Ostrin EJ. The functional and mechanistic roles of
immunoproteasome subunits in cancer. Cells. 2021;10(12):3587.
Sédnchez-Martin D, Martinez-Torrecuadrada J, Teesalu T, Sugahara KN, Alvarez-
Cienfuegos A, Ximénez-Embun P, et al. Proteasome activator complex PA28
identified as an accessible target in prostate cancer by in vivo selection of
human antibodies. Proc Natl Acad Sci. 2013;110(34):13791-6.

Wang Q, Pan F, Li S, Huang R, Wang X, Wang S, et al. The prognostic value of
the proteasome activator subunit gene family in skin cutaneous melanoma. J
Cancer. 2019;10(10):2205.

Lang BJ, Guerrero-Giménez ME, Prince TL, Ackerman A, Bonorino C, Calder-
wood SK. Heat shock proteins are essential components in transformation
and tumor progression: cancer cell intrinsic pathways and beyond. Int J Mol
Sci. 2019,20(18):4507.

Wu P, Chang Y, Pan C. High expression of heat shock proteins and heat shock
factor-1 distinguishes an aggressive subset of clear cell renal cell carcinoma.
Histopathology. 2017,71(5):711-8.

Sheng B, Qi C, Liu B, LinY, FuT, Zeng Q. Increased HSP27 correlates with
malignant biological behavior of non-small cell lung cancer and predicts
patient’s survival. Sci Rep. 2017;7(1):1-12.

Arrigo AP, Gibert B. HspB1, HspBS and HspB4 in human cancers: potent onco-
genic role of some of their client proteins. Cancers (Basel). 2014;6(1):333-65.
Tsai CH, Chen YT, Chang YH, Hsueh C, Liu CY, Chang YS, et al. Systematic
verification of bladder cancer-associated tissue protein biomarker candidates
in clinical urine specimens. Oncotarget. 2018;9(56):30731.

Saini J, Sharma PK. Clinical, prognostic and therapeutic significance of heat
shock proteins in cancer. Curr Drug Targets. 2018;19(13):1478-90.

Zhaojie L, Yuchen L, Miao C, Yacun C, Shayi W, Anbang H, et al. Gelsolin-like
actin-capping protein has prognostic value and promotes tumorigenesis and
epithelial-mesenchymal transition via the Hippo signaling pathway in human
bladder cancer. Ther Adv Med Oncol. 2019;11:1758835919841235.

Bahrami S, Gheysarzadeh A, Sotoudeh M, Bandehpour M, Zali H, Hedayati

M, et al. The Association between Gelsolin-like actin-capping protein (CapG)
overexpression and bladder Cancer prognosis. Urol J. 2020;18(02):186-93.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

Page 11 of 11

Liu NQ, De Marchi T, Timmermans A, Trapman-Jansen AMAC, Foekens R, Look
MP, et al. Prognostic significance of nuclear expression of UMP-CMP kinase in
triple negative breast cancer patients. Sci Rep. 2016;6(1):1-9.

Karczewski KJ, Francioli LC, Tiao G, Cummings BB, Alfoldi J, Wang Q, et al. The
mutational constraint spectrum quantified from variation in 141,456 humans.
Nature. 2020,581(7809):434-43.

Liu NQ, Stingl C, Look MP, Smid M, Braakman RBH, De Marchi T et al. Com-
parative proteome analysis revealing an 11-protein signature for aggressive
triple-negative breast cancer. JNCI J Natl Cancer Inst. 2014;106(2).

Zhou D, Zhang L, Lin Q, Ren' W, Xu G. Data on the association of CMPK1 with
clinicopathological features and biological effect in human epithelial ovarian
cancer. Data Br. 2017;13:77-84.

LiPLiL, LiZ WangS,LiR, Zhao W, et al. Annexin A1 promotes the progres-
sion of bladder cancer via regulating EGFR signaling pathway. Cancer Cell Int.
2022;22(1):1-19.

Wu W, Jia G, Chen L, Liu H, Xia S. Analysis of the expression and prognostic
value of annexin family proteins in bladder Cancer. Front Genet. 2021;12.

de Velasco G, Trilla-Fuertes L, Gamez-Pozo A, Urbanowicz M, Ruiz-Ares G,
Sepulveda JM, et al. Urothelial cancer proteomics provides both prognostic
and functional information. Sci Rep. 2017;7(1):1-8.

Li CF, Shen KH, Huang LC, Huang HY, Wang YH, Wu TF. Annexin-I overexpres-
sion is associated with tumour progression and independently predicts infe-
rior disease-specific and metastasis-free survival in urinary bladder urothelial
carcinoma. Pathology. 2010;42(1):43-9.

Arima K, Ohmuraya M, Miyake K, Koiwa M, Uchihara T, Izumi D, et al. Inhibition
of 15-PGDH causes Kras-driven tumor expansion through prostaglandin
E2-ALDH1 signaling in the pancreas. Oncogene. 2019;38(8):1211-24.
Satapathy SR, Topi G, Osman J, Hellman K, Ek F, Olsson R, et al. Tumour sup-
pressor 15-hydroxyprostaglandin dehydrogenase induces differentiation in
colon cancer via GLIT inhibition. Oncogenesis. 2020;,9(8):1-16.

LiY, Li J,Dong J, Zhang L, Liu D, He J, et al. 15-PGDH expression in gastric can-
cer: a potential role in anti-tumor immunity. Cancer Manag Res. 2020;12:7419.
Thill M, Fischer D, Kelling K, Hoellen F, Dittmer C, Hornemann A, et al.
Expression of vitamin D receptor (VDR), cyclooxygenase-2 (COX-2) and
15-hydroxyprostaglandin dehydrogenase (15-PGDH) in benign and
malignant ovarian tissue and 25-hydroxycholecalciferol (25 (OH2) D3) and
prostaglandin E2 (PGE2) serum level in ovarian canc. J Steroid Biochem Mol
Biol. 2010;121(1-2):387-90.

Lehtinen L, Vainio P, Wikman H, Reemts J, Hilvo M, Issa R, et al. 15-Hydroxy-
prostaglandin dehydrogenase associates with poor prognosis in breast can-
cer, induces epithelial-mesenchymal transition, and promotes cell migration
in cultured breast cancer cells. J Pathol. 2012;226(4):674-86.

Tseng-Rogenski S, Gee J, Ignatoski KW, Kunju LP, Bucheit A, Kintner HJ, et al.
Loss of 15-hydroxyprostaglandin dehydrogenase expression contributes to
bladder cancer progression. Am J Pathol. 2010;176(3):1462-8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Comparative proteomics analysis in different stages of urothelial bladder cancer for identification of potential biomarkers: highlighted role for antioxidant activity
	﻿Abstract
	﻿Background
	﻿Materials and methods
	﻿Samples collection
	﻿Protein extraction
	﻿Isoelectric focusing (IEF) and SDS-polyacrylamide gel electrophoresis (SDS-PAGE)
	﻿2D-gel images analysis and protein mass spectrometry
	﻿Protein interaction and pathway analysis
	﻿Statistical analysis

	﻿Results
	﻿Demographics and clinical characteristics of patients
	﻿Tissue proteome data
	﻿Differential protein expression profiles
	﻿Biological, functional, and pathway analysis
	﻿Protein-Protein Interaction Network Analyses

	﻿Discussion
	﻿Conclusion
	﻿References


