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Summary

Cancers are quite common, but mostly very serious diseases and
therefore belong to the most important areas of scientific
research activity. Bladder cancer is one of the most common
malignancies, it is a heterogeneous disease with significant
diagnostic, therapeutic, and prognostic problems. It represents
a disease with a variable course and a different response to
therapy. The “conventional” prognostic markers used so far
cannot reliably predict the natural course of the disease or
estimate the tumor response to the chosen type of treatment.
Molecular markers can provide us with the opportunity to
diagnose a bladder tumor early, identify patients who are at risk
of recurrence, or predict how tumors will respond to therapeutic
approaches. As a result, diagnostics are found to help clinicians
find the best therapeutic options for patients with bladder cancer.
In this study, we focused on a brief description of potential
molecular markers in bladder tumors in the context of precise
diagnostics. Last but not least, we also focused on a new
approach to the treatment of cancer using nanomaterials.
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Introduction

is the fifth most common

malignancy in humans and the second most commonly

Bladder cancer

diagnosed tumor after prostate cancer. Every year, there
are approximately 400000 new patients with this disease
in the world. In men, it occurs 4 times more often than in
women. According to global morbidity and mortality data
from GLOBOCAN, an estimated 573278 people were
diagnosed worldwide in 2020 and 212546 patients died of
bladder cancer. In recent years, the incidence of bladder
cancer in women from developing countries is on the rise,
which may be related to an increase in smoking rates
among women [1]. Early and accurate diagnosis has an
impact on the successful treatment of any cancer. The
standard diagnostic methods currently used by doctors
require invasive procedures such as cystoscopy and
biopsy. These methods often lack the sensitivity to detect
all cancers [2,3]. These inaccuracies in capturing the
clinical and biological potential of the tumor lead to
excessive and inadequate treatment and therapy effects.
Recently, more and more teams are interested in the use
of molecular-genetic methods in the early diagnosis of
a bladder tumor. There are many studies that look at
molecular markers. Molecular markers detected in urine,
tissue, or blood offer promising opportunities to improve
understanding of the biology of specific cancers and their
influence on the micro- and macroenvironment. This
could help identify the disease earlier, risk stratifies
patients, improve prognosis and prediction, and aid in
targeted therapy. Molecular biomarkers and pathways
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that are involved in the development of bladder cancer
are the main key to understanding and identifying, which
we can subsequently use for use in clinical practice to
create personalized therapy for treatment.

In this study, we focused on a brief description
of potential molecular markers in bladder tumors in the
context of precise diagnostics. Last but not least, we also
focused on a new approach to the treatment of cancer
using nanomaterials.

Pathology of bladder tumors
Tumor-mimicking processes include mainly
granulomas, which are mostly after operations performed
on the bladder. These changes may resemble sarcoma.
They are formed by spindle cells, any manifestations of
pleiomorphism of cells are absent here. Benign tumors
include inverted papilloma, adenomatoid tumors,
leiomyomas, hemangioma, and others. The historical
term “superficial bladder cancer” is used to describe
tumors that do not penetrate the muscles. We can also
include papillae urothelial carcinoma called pTa,
carcinoma in situ pTis. A muscle-penetrating tumor refers
to pTl1 [4]. Bladder tumors can also be classified
according to low-grade and high-grade. Low-grade
bladder tumor attacks the muscular lining of the bladder
wall. In contrast, a high-grade bladder tumor attacks the
muscle lining and metastasizes. Bladder tumors belong to
a heterogeneous group, relapses and progression to
a higher stage are typical for them. Tumors arise
of the bladder and

metastasize [5]. Bladder cancers are usually identified as

suddenly in different places
non-muscularly invasive, yet about a third of them
develop aggressive recurrent bladder tumors. Even today,
the diagnosis of the bladder is mainly established using

cytology,
sensitivity [6]. Bladder cancer is a heterogeneous disease,

which is characterized by insufficient
and the existence of finding a single biomarker is
unlikely. It is therefore important to extend current
knowledge about the mechanism of bladder tumor
formation to the molecular level. There are several
theories of the development of bladder cancer. The first
of them was pronounced back in 1953. The development
of bladder cancer has been found to have two distinct
molecular pathways [7]. One pathway assumes the
formation of a tumor from a single transformed cell.
Molecular diagnostics of several samples confirmed the
theory of tumor formation from a single cell since

mutations on the TP53 and RBI1 genes were detected,

which confirmed the assumption of accumulation of
genetic changes and the subsequent transformation of
a healthy cell into a pathological cancer cell. This process
is now called carcinogenesis. On the contrary, molecular
analyses of recent decades show that there is another
way. Recently, it has been considered that the tumor may
also arise as a result of affecting the expression of FGFR3
(Fibroblast Growth Factor Receptor 3). This factor is one
of the most commonly mutated factors in bladder cancer.
Close associations were also found between its molecular
subtypes and clinicopathological characteristics [7].

Molecular markers detected from tissue

Biomarkers detected from bladder tumor tissue
will help us identify patients who are at risk of recurrence
or predict how tumors will respond to therapeutic
approaches. These potential biomarkers include, for
example, FGFR3, VEGF-C, GATA3, FOXA1, P53, etc.

The FGFR3 gene belongs to the fibroblast
growth factor receptor (FGFR) family, with its amino
acid sequence highly conserved among members and
among distinct species. Members of the FGFR family
differ from each other in affinities for ligands and
distribution in tissues. The extracellular portion of the
protein interacts with fibroblast growth factors, setting in
motion a cascade of downstream signals, ultimately
affecting mitogenesis and differentiation [8]. It plays
an important role in many important cellular processes,
including regulation of proliferation, differentiation,
apoptosis,  angiogenesis, = wound  healing, and
embryogenesis [9,10]. Genomic changes in the FGFR
gene have been extensively studied, and it was found that
changes in the FGFR gene were discovered in several
types of human cancer. 7.1 % change in fibroblast factor
receptors [11]. In bladder tumors, up to 15 % had
a somatic change to FGFR3, 7 % FGFR1 amplification,
and 6 % gene fusion. This factor has been found to play
an important role mainly in the lower stage of bladder
cancer [8,12]. FGFR3 stimulates SCD1 activity and thus
promotes tumor growth in bladder tumor cells. The
FGFR3 and RAS pathway can be activated in bladder
tumors at any stage. In up to 80 %, this pathway is active
in the lower stages of bladder cancer, where it is mainly
associated with point mutations on the FGFR3 gene, which
was found to pose a higher risk of recurrence [13,14].

VEGF-C (vascular endothelial growth factor C)
is the first
VEGF-C may promote proliferation, invasion, metastasis,

lymphangiogenesis factor discovered.
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and resistance to mitomycin C BCa cells. Mechanisms
that increased the Bcl-2/Bax ratio, caspase-3 inactivation,
and increased MMP-9 expression are thought to be
associated with this [15,16]. Chen et al. linked the
activity of the VEGF-C gene to tumor grade [17].
GATA3 is a member of the GATA family and is
a transcription factor with a zinc finger originally
identified as specific to the T cell line. It has an important
role in the differentiation of breast epithelium,
[18].

GATA3 has been extensively studied in relation to

urothelium, and subgroups of T-lymphocytes

mammary gland morphogenesis and breast cancer
pathogenesis [19]. Using animal models, GATA3 has
been shown to play a critical role in breast carcinogenesis
[19,20]. GATAS3 loss has also been linked to breast tumor
progression and metastases. The functional role of
GATA3 in the evolution and progression of BC remains
largely unclear. However, it was shown that increased
expression of GATA3 in a muscle-invasive BC tumor
correlates with a higher risk of disease progression.
A normal level of GATA3 poses a lower risk of
progression. High expression of GATA3 is a predictor of
poor prognosis for the patient. The complete loss
represents a poor prognosis for patients [21-23].

Several recent studies have noted that a member
of the FOX family has a role in urothelial differentiation
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(FOXALl). FOXA1 is expressed in normal cells and
participates in normal urogenital development. Reduced
expression of the FOXAl gene was correlated with
increasing tumor stage. Complete loss of expression of
FOXAI is associated with a high histological degree BC
[24]. FOXAI, based on a study by Sikic ef al., seems to
be the marker most suitable as a surrogate marker to
distinguish non-basal subtypes from basal subtypes [25].
A bladder tumor can arise from a single mutated
cell, accumulating genetic changes, the so-called “two
hits” RBI1
(retinoblastoma gene) and TP53. What forms the basis for

on two prototypical suppressor genes
the progression of a healthy cell into a cancer cell [7].

P53, a transcription factor, is also referred to as
a genome guard. TP53 gene is found in several cells,
where it protects cellular integrity, and has many other
functions such as induction of apoptosis, inhibition of cell
proliferation, or cell cycle arrest (Fig. 1) [26]. Loss of
function of the TP53 gene may lead to reduced regulation
of the cell cycle and thus inhibition of apoptosis [27].
p53 protein has the ability to activate the transcription of
pro-apoptotic genes [28]. The accumulation of TP53 is
a predictor factor of poor prognosis in advanced-stage
bladder tumors. TP53 expression has also been found to
be associated with disease recurrence [29].
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Fig. 1. The mitochondrial pathway of p53 apoptosis. Nuclear p53 induces expression of Puma protein, which releases p53z binding to
Bcl-X1. Free p53 causes oligonucleosis of Bax and translocation of mitochondria. In mitochondria, p53 acts to oligomerize Bax and Bak,

which act against Bcl-2, these changes lead to membrane disruption.
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Another unfavorable marker is the loss of
expression of RB1, which is a tumor suppressor gene.
RBI1 is one of the major regulators of the cell cycle and
its changes are related to carcinogenesis in several types
of cancer [30]. Molecular analyses have found that
bladder tumors with mutations on the RB1 gene show
low levels of expression of the FGFR3 gene at the same
time. That may be related to poor survival in a bladder
tumor.

Another promising specific marker that plays
key functions in the process of carcinogenesis and cancer
progression is the specific protein Spl. The specific
Spl protein is a member of the Sp family of Kruppel
factors and acts as a transcription factor by binding to
specific promoter elements of its target genes.
Spl regulates genes that are mainly responsible for cell
growth, apoptosis, or the cell cycle [31]. These genes are
believed to be involved in cellular functions that form the
basis of tumor initiation and progression. In recent years,
studies have shown that the overexpressed Spl gene is
involved in the formation of various tumors such as
stomach cancer, and pancreatic adenocarcinoma [32,33].
A study by Zhu et al looked at the Spl gene as
a prognostic marker in urothelial cancer. They managed
to associate high expression with poor patient survival
and observed high expression of this gene in tumors with
higher histological grades and in samples with metastases
[34]. They hypothesize that Spl could be a potential
independent prognostic biomarker, especially for patients

after bladder tumor surgery. It would serve to identify

Table 1. Members of the Bcl family.

patients with an aggressive type of tumor and
consequently poor clinical outcomes [35].

One of the most common antiapoptotic genes
studied in bladder tumors is survivin, which we consider
to be a marker of prediction of recurrence. However, new
and more reliable markers are also being sought.
could be

belonging to the Bcl family (Table 1) of apoptosis

A promising apoptotic biomarker genes
promoting such as Bad, Bak, and Bid, but also apoptosis-
inhibiting genes such as Bcl-2. The labile balance
between these Bcl proteins shifts towards apoptosis under
stress. Also, the cleavage of Bid by the action of
caspase 8 activates Bcl-2, thereby connecting the internal
signaling pathway to induce apoptosis. Abnormalities in
these molecular processes play an important role in the
development of various malignancies, the progression of
the disease. One mechanism to avoid controlled cell death
is the overexpression of anti-apoptotic genes such as
Bcl-2. In different tumors, the Bcl-2 gene has different
effects on tumorigenesis and tumor progression.
Increased expression of this gene reduced overall survival
in prostate and breast tumors [35]. Conversely, in renal
cells, increased expression was significantly correlated
with better patient survival [36]. In bladder tumors,
Bcl-2 expression has been associated with a higher tumor
grade [37]. These genes belonging to the Bcl family in
relation to bladder tumors have not yet been adequately
described, therefore they deserve attention in the future,
and they can offer us a better understanding of the

process of bladder cancer.

Anti-apoptotic members

Pro-apoptotic members

Pro-apoptotic-BH3-only members

Bcl-2 Bax Bad
Bcel-x, Bok/Mtd Bik/nbk/Blk
Bel-w Bcl-xs Bid

Al Bak Noxa
Mcl-1 Bcel-gl Puma
Boo Bmf

Molecular markers detected from

miRNASs

serum

A very promising alternative to finding markers
from tissue biopsies is a fluid biopsy. Compared to tissue
biopsy, we can talk about a non-invasive procedure that
represents minimal intervention for the patient. In this

way, we can get real-time information about the disease
and provide clinicians with fast, accurate diagnoses in
ashort time to help them find the best therapeutic
options. Samples of liquid biopsy can be considered
serum, blood, or urine. Since miRNAs are found in body
fluids such as serum and urine, they are less susceptible
to degradation, so they have huge potential in treating
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bladder tumors than for their non-invasive approach.
Promising possibilities are provided by obtaining miRNA
from serum from patients with a bladder tumor.
MicroRNAs (miRNAs) are small approximately
22 nucleotides endogenously non-encoding RNA mole-
cules negatively regulating gene expression levels
through binding to microRNA-binding elements in
3'UTR sequences of target mRNAs [38]. Probably more
than half of all genes coding for proteins are regulated by
miRNAs, making them unique candidates for biomarkers
[39]. While in normal cells the expression of miRNAs is
strictly regulated, tumorigenesis is characterized by
deregulation of their expression, which can affect the risk
and the
prognosis for the patient. It follows that one miRNA can

of cancer, the effectiveness of treatment,

Table 2. The potential biomarkers of miRNA.

regulate the expression of multiple genes. Alterations in
some microRNAs may be related to tumor formation, and
these miRNAs may be perceived as tumor-suppressor or
oncogenic [40,41]. Since their discovery in 1993, more
than 2000 have been experimentally verified in humans
[42]. Therefore, miRNAs are considered promising novel
diagnostic markers (Table 2). Studies show that miRNAs
are involved in the appearance and inhibition of various
Thus, their
suppression of their expression could predict the

tumors. overexpression or excessive
emergence of various types of cancer. We already know
today that miRNAs are predictors, for example, of
pulmonary adenocarcinoma [43]. Recent studies have
also shown the association of miRNA with bladder

tumors (miR-141, miR-34a) [44].

miRNA Expression Target Pathways
miR-34a Downregulated Cell cycle control
PI3K/ACP

miR-143 Downregulated ) .

MAPK signaling
miR-145 Downregulated Apoptosis
miR-203 Downregulated Apoptosis/PI3K-Akt signaling
miR-200 Downregulated Inhibit EMT
miR-129 Upregulated Signal transduction

MiR-145 and miR-143 are tumor suppressors
that show reduced expression in bladder tumor tissue and
can suppress cell proliferation and migration as well as
promote apoptosis. MiR-20 and miR-183, on the other
hand, have an increased level of expression in BC tissue.
High expression of miR-143 is also associated with poor
survival, since at the same time the tumor suppressor
SOX4 and GALNT are downregulated [45]. MiR-145 is
one of the most frequently reduced miRNA regulators in
BC. MiR-141 and miR-205 are among the poor indicators
of prognostic biomarkers of overall survival in BC [7,46].
MiR-146-5p appears to be a suitable adept for a marker
related to higher-grade of bladder cancer [6]. However,
low miR-200c values have also been found to be
associated with the progression of non-invasive bladder
cancer [47]. Chen et al. discovered a panel of
33 upregulated miRNAs and 41 downregulated miRNAs
in a bladder tumor [48]. MiR-34a belongs to tumor
suppressors and expression causes inhibition of cellular
migration. If anti-apoptotic genes such as Bcl-w are
then of miR-203a-3p

suppressed, increased levels

expression are observed [49].

Molecular markers detected from urine

Urine biopsy is one of the promising alternatives
in the search for new biomarkers in bladder tumors. Urine
biopsy from patients can provide us with important
information about the development of the disease, and
help in the diagnosis and prognosis of the disease.

Urine is an easily accessible biological fluid.
Urine examination is one of the basic clinical-
biochemical procedures that significantly contribute to
diagnosing and monitoring the course of the disease.
Urine analysis uses a wide range of methods from the
simplest to demanding and fully automated methods.
Urine contains several different cell types such as
epithelial cells, white blood cells, red blood cells,
urothelial cells, proteins, immune cells, and EBCC cells
(cells released from a tumor that have been found in
urine). And also thanks to EBCC cells, scientists® interest

in finding markers in urine has increased [50]. EBCC
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cells can be obtained from urine by filtration based on
membrane size. Filtration has been found to improve the
sensitivity of obtaining EBCC cells. With a bladder
tumor, it was found that filtration improves sensitivity in
detecting the recurrence of the disease. EBCC cells were
detected in up to 87 % of filtered samples. When using
antibodies, selectivity rises to 99 %. [50-52]. We already
know that these cells are a suitable indicator for prognosis
in breast cancer or colorectal cancer [53,54]. Currently,
EBCC cells are not used for BC screening, but they have
great potential, mainly due to their high specificity [55].
EBCC-type cells should be in the interest of scientific
inquiry. The focus of scientists should be on morphology,
the amount of cell concentration obtained, viability, and
subsequent use in the diagnosis of diseases. These cells
may contain information about the emerging tumor,
which can help clinicians catch the tumor at an early
stage.

Among the substances that we can obtain in
anon-invasive way from urine in a bladder tumor are
cytokeratins. Cytokeratin (CK-20) is expressed in BC cells,
but not in normal healthy cells in urine. A large study of
potential markers over 3000 in urine was conducted,
CK-20 in this study came out as the best marker with
a sensitivity of 78-87 % using RT-PCR methods. Other
studies have shown that with the help of immunostaining,
we can achieve a sensitivity of 82 % [55].

Potential markers that are excreted into the urine
by tumor cells are already mentioned in markers obtained
from tissue, the VEGF marker. Elevated levels of VEGF
in urine detected by ELISA tests are associated with
disease recurrence [55].

In the urine, we can find different extracellular
vesicles. Extracellular vesicles include exosomes,
microvesicles, and apoptotic bodies, which are relatively
stable in urine. A gene has been detected in extracellular
vesicles obtained from urine that can be linked to bladder
cancer KRT17. Keratin, cytoskeletal type 1 17, is
a protein that is encoded in humans by the KRT17 gene.
Loss or mutation can promote apoptosis or reduce
immunity. Recent studies have shown that knockdown
KRT17 to treat
osteosarcoma [56]. Studies of bladder tumors have

could be an effective avenue
revealed that overexpressed KRT17 occurs in the
pT1 stage BC. Other studies have linked reduced
expression of KRT17 to poor prognosis for BC patients.
Although the function and impact of the KRT17 gene are
unclear in abladder tumor, it is a possible predictive

biomarker.

The use of markers in urine is of importance
mainly from the point of view of patient stratification. For
example, patients with asymptomatic microhematuria
(AMH) have a higher risk of BC. In patients with AMH,
urinary markers should be used as another option for
a diagnostic strategy. The prevalence of AMH in the adult
population is 18 %, only a low percentage of patients are
recommended for examination of a bladder tumor, which
leads to late diagnosis. It is in this disease that urinary
markers would help to identify risk groups [57,58].

Targeted drug transport in the treatment of
bladder tumor

Research in the field of cancer in recent years
has brought a great deal of knowledge that can help in
targeted and personalized treatment in the future. For
clinical practice, it is important not only to understand the
pathophysiology of processes in the development of
tumor diseases but also to the progress and improvement
of drug transport and effective targeted influence at the
tumor site are crucial. Intensive biomedical research also
focuses on the development of so-called nanocarriers for
targeted drug transport. Currently, we know more than
40 products based on nanocarriers (nano drugs) in clinical
practice [59]. The first generation of nano drugs focused
on drug transport and drug accumulation in the tumor.
The new generation focuses mainly on active targeting,
that is, so that the drug accumulates only at the tumor
site, thereby increasing its effectiveness and reducing
undesirable effects. The drug is bound to specific
molecules, these systems can be liposome-based,
polymeric, magnetic, or silica-based, carbon. These
materials have a wide range of applications not only in
the diagnosis but also in the treatment of cancer [60].
Manju et al. have been able to demonstrate the
effectiveness of gold nanoparticles. The association of the
with
nanoparticles promoted tumor cell targeting and dose

curcumin-hyaluronic  acid  complex gold
reduction in colon tumors [61]. An integral part of this
research is also the assessment of the safety of
nanosystems for the human body, as well as a more
detailed understanding of the nanosystem-cell interaction.
The requirements for carriers used for targeted drug
transport can be described in two simple words:
biocompatibility and functionality. Hou et al. led research
on a nanosystem based on silicon deposits with bound
doxorubicin in mice with bladder tumors. In doing so,

they managed to design a sustained drug release system,
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which resulted in overwhelmingly effective suppression
of the bladder tumor. They also demonstrated that
treatment with this nanosystem prolonged the survival of
mice with bladder tumors, as opposed to mice treated
with conventional methods using Doxorubicin [62].

Conclusions
The use of molecular markers in urine, tissue, or

blood
understanding of bladder cancer biology, which can help

offers potential opportunities to improve
identify disease earlier, stratify patient risk, improve
outcome prediction, or aid in targeted therapy. Based on
them, we can identify those patients who are most at risk
of recurrence. We can also predict how tumors will
respond to different therapeutic approaches. Bladder
tumors today are diagnosed by a combination of cytology
and histology. Although these methods are quite
expensive, they reveal little of the molecular side of the
tumor, and the results are often subjective. Recent
in our molecular

advances understanding of the

characteristics of a bladder tumor potentially can help
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