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Abstract

Objective: Bladder cancer is the 9" leading cause of human urologic malignancy and the 13" cause of death worldwide.
Increased collagen cross-linking, NIDOGEN1 expression and consequently stiffness of extracellular matrix (ECM) may
be responsible for the mechanotransduction and regulation of transcriptional co-activator with PDZ-binding motif (TAZ)
and transforming growth factor 31 (TGF-B1) signaling pathways, resulting in progression of tumorigenesis. The present
study aimed to assess whether type 1 collagen expression is associated with TAZ nuclear localization.

Materials and Methods: In this case-control study, real-time quantitative reverse transcription polymerase chain
reaction (QRT-PCR) and immunohistochemical analysis were performed to evaluate the activation of the TAZ pathway
in patients with bladder cancer (n=40) and healthy individuals (n=20). The ELISA method was also conducted to
measure the serum concentrations of TGF-B1. Masson’s trichrome staining was carried out to histologically evaluate
the density of type 1 collagen.

Results: Our findings that the expression levels of COL1A1, COL1A2, NIDOGEN1, TAZ, and TGF-G1 genes were
overexpressed in patients with bladder cancer, and their expression levels were positively associated with the grade
of bladder cancer. The immunohistochemical analysis demonstrated that the nuclear localization of TAZ was markedly
correlated with high-grade bladder cancer. We also found that TAZ nuclear localization was substantially higher in
cancerous tissues as compared with normal bladder tissues. Masson's trichrome staining showed that the tissue density
of type | collagen was considerably increased in patients with bladder cancer as compared with healthy subjects.

Conclusion: According to our findings, it seems the alterations in the expression of type | collagen and NIDOGENT1,
as well as TAZ nuclear localization influence the progression of bladder cancer. The significance of TGF-G1 and TAZ
expression in tumorigenesis and progression to high-grade bladder cancer was also highlighted. However, a possible

relationship between TGF-B1 expression and the Hippo pathway needs further investigations.
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Introduction

According to epidemiological studies, bladder cancer
is ranked as the 9" leading cause of human urologic
malignancy, and the 13" cause of death in the world
(1). Despite efforts made in the development of cancer
treatment methods, including surgery, chemotherapy, and
radiotherapy, to date, there is no cure for advanced stages
of bladder cancer, and the recurrence after transurethral
resection (TR) is still the main concern in patients with
bladder cancer who underwent surgery (2). Genome-
wide association studies have shown an undeniable role
of signal transduction pathways in the development of
bladder tumorigenesis (3).

The extracellular matrix (ECM) is a combination of
proteins with structural and functional roles, providing
a natural scaffold for cells, tissues, and organs (4). Its
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proteins consisted of fibrillar proteins, such as elastic
fibers and various types of collagens, non-fibrillar
proteins such as glycosaminoglycans, NIDOGENI1, and
proteoglycans (5). Recently, recent studies have focused
on how the modulation of the ECM can be sensed by
cancer cells (6). A major contributor to ECM-dependent
mechanotransduction is the increased collagen cross-
linking that enhances matrix stiffness. Moreover, it is well
known that type I collagen is a main structural protein
in the ECM, which is altered in tumorigenesis (7). It has
been also reported that nidogens including NIDOGEN1
and 2 as a link protein interact with ECM various proteins
such as collagens, and play a functional role in matrix
strengthening and stiffening (8). The increased collagen
cross-linking and subsequently, ECM stiffness is thought
to be responsible for cancer cell growth and renewal (7).



However, its precise signaling pathway has not been fully
elucidated.

The Hippo pathway has emerged as a substantial signal
transduction pathway that transduces signals to impact
the proliferation and differentiation of cancer cells (9,
10). In bladder cancer, enhanced nuclear accumulation
of transcriptional co-activator with PDZ-binding motif
(TAZ) promotes the oncogenic activity of the cells
and incites cell growth. Besides, the overexpression
of nuclear TAZ increases the stemness of cancer cells
(11, 12). The activity of TAZ in tumor initiation relies
on binding to a transcription factor, named the TEAD
family (11). Correspondingly, the complex of TAZ-TEAD
is able to upregulate the expression of genes involved
in tumorigenesis and cancer development (13). In the
nucleus, TAZ also acts as a transcriptional factor to activate
transforming growth factor B1 (TGF-B1) and regulate the
SMAD transcription factor (14). TGF-f1 comprises a
family of secreted proteins that promote the development
of various types of cancer, such as bladder cancer (15, 16).
Recent findings suggested that mechanical stimuli caused
by ECM stiffness are required for the activation of TGF-1
to make this protein soluble (17). TGF-B1 can exert pro-
oncogenic activity through the regulation of the nuclear
localization of the smad2/3-smad4 complex. The cross-
talk between TGF-B1 and the Hippo pathway has been
addressed in previous studies (18). Nuclear TAZ dictates
the nuclear localization of SMADs and acts as a nuclear
retention factor for this family of proteins to regulate their
oncogenic activity (19, 14). However, whether a link
between the Hippo and TGF-1/SMAD pathways plays a
pivotal role in bladder cancer development needs further
investigations (20). In this study, we have examined the
association of type I collagen and TAZ activity with the
degree of bladder cancer malignancy.

Materials and Methods
Patients and study design

In this case-control study, TR of the bladder tissue was
obtained from 40 patients with bladder malignancy as well
as 20 patients with benign prostatic hyperplasia (BPH)
with normal bladder function from Shahid Beheshti
Hospital of the Hamadan University of Medical Sciences
(Iran) between 2018 and 2019. All cancerous bladder
tissues were examined by a trained and expert pathologist
to rank the degree of malignancy (cases) and identification
of normal bladder tissues (control) according to the
relevant guidelines and criteria for grading and diagnosis
(21). Fresh frozen tissues were used to analyze the gene
expression using real-time polymerase chain reaction
(PCR). The paraffin-embedded tissue blocks were
applied for immunohistochemistry (IHC) and Masson’s
trichrome staining. Blood samples were also collected,
and their serum samples were separated to determine
the serum levels of TGF-B1 in both cases and control
individuals.
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Real-time polymerase chain reaction

For the relative estimation of mRNA expression, total
RNA was extracted from fresh frozen in liquid nitrogen
tissue samples using the AccuZol Total RNA Extraction
Kit (Bioneer, Korea), and then cDNA was synthesized
based on the manufacturer’s recommendations using
a commercially available kit (Fermentas, Thermo
Fisher Scientific, Waltham, USA). The real-time
PCR was carried out using RealQ Plus 2xMaster Mix
Green (Amplicon, Denmark) on the LightCycler® 96
Instrument (Roche, Life Science, Sandhofer, Germany).
Briefly, PCR reactions were conducted at 20 pl as final
volume, containing SYBR Green master mix (10 pl), 1
ul cDNA, and 2 ul of specific primers, and 7 ul ddH,O.
The PCR reactions were set at the following program:
95°C (5 minutes), followed by 40 cycles at 95°C (30
seconds), 57°C (30 seconds), and 72°C (40 seconds).
To analyze the relative gene expression data for mRNA,
we used the Livak-Schmittgen (22) equation to calculate
the 2724€T which compares two values in the exponent,
then the obtained data were used for further analysis of
gene expression levels. Specific primers were designed
using the Primer-BLAST tool available from the NCBI
for target genes sequences in the GenBank databases
(www.ncbi.nlm.nih.gov). The primer sets (forward and
reverse) for real-time quantitative reverse transcription
polymerase chain reaction (qQRT-PCR) are presented in
supplementary Table 1.

Immunohistochemical analysis

The immunohistochemical analysis was performed on
the tissues section at a thickness of 4 um to determine
the subcellular localization of TAZ using a specific
monoclonal antibody. Briefly, after deparaffinization
and rehydration of tissue sections, the antigen retrieval
process was carried out via boiling the tissue sections in
citrate buffer at pH=6.00 for 15 minutes and followed
by the cool-down process at room temperature. Then,
the endogenous peroxidase was blocked using hydrogen
peroxide. After incubation with a primary specific
Anti-TAZ antibody (ab110239, at a dilution of 1:200)
overnight at 4°C, prepared sections were incubated
with an appropriate secondary antibody available in the
immunoperoxidase staining commercial kit (PVP1000D,
Mouse/Rabbit PolyVue Plus™ HRP/DAB Detection
System, Diagnostic BioSystems) to track the localization
of the TAZ protein. Tumor cells with more than 20%
positivity for nuclear localization of TAZ were considered
positive samples. For the analysis of cytoplasmic TAZ
expression, a semi-quantitative ranking method was
utilized to rank the specimens from 0 to 3. Tissue samples
with scores between 2 and 3 were considered positive in
terms of the cytoplasmic expression of TAZ.

Measurement of the serum level of TGF-p1

The serum levels of TGF-f1 were measured by
the enzyme-linked immunosorbent assay (ELISA)
method carried out using a commercially available kit
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(Quantikine® ELISA, R&D Systems, DB100B) based on
the manufacturer provided protocol.

Masson’s trichrome staining

For the determination of collagen density, bladder
tissue samples were fixed in 10% formalin and paraffin-
embedded. Then, tissue samples were cut into a section
with 5 um thickness, and MT staining was performed
to evaluate the collagen density using light microscopy.
Briefly, after washing the tissue sections in distilled
water, sections were re-fixed in the Bouin’s solution
for 60 minutes. After rinsing in distilled water, sections
were incubated in Weigert’s iron hematoxylin (10
minutes). After staining with the Biebrich scarlet-acid
fuchsin solution (15 minutes), the phosphomolybdic-
phosphotungstic acid solution was used to differentiate
the tissue sections for 15 minutes. The differentiated
tissues were directly stained with aniline blue and then
washed using distilled water. Finally, tissue slides were
differentiated in 1% acetic acid solution (4 minutes).
After dehydration, tissue slides were cleared and mounted
on slides using the mounting media.

Statistical analysis

The analysis of collected data was analyzed using SPSS
software version 16.0 (SPSS Inc., Chicago, IL, USA).
The Kolmogorov-Smirnov test was used to determine
whether the data were normally distributed. t test was
performed to analyses the difference between the mean of
the obtained data with normal distribution. To analyses,
the data with non-normal distribution, the Mann-Whitney
U test was applied to compare the difference between the
values of experimental groups. The correlation between
different variables was calculated by Spearman’s and
Pearson’s correlation coefficient tests. The y? test was also
applied for categorical data. The P<0.05 was considered
as a statistical significance difference.

Ethical considerations

All procedures carried out in this study involving human
participants were in accordance with the Ethical standards
of the Institutional and/or National Research Committee
of Bagiyatallah University of Medical Sciences (IR.
BMSU.REC.1397.120). Informed consent was obtained
from all participants involved in the study.

Results
Characteristics of participants

The demographic characteristics of participants are
presented in Table 1. All of the participants were Iranian,
and the median age was 67 years (45-86), of which
45-55% of them were over 67 years old. Nearly 7% of
patients were smokers, and 30% were non-smokers.
Approximately 62.5% of patients had low-grade bladder
cancer, while 37.5% has high-grade bladder cancer. In
addition, the size of the bladder tumor was determined in
patients. About 60% of patients had a tumor size of less
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than 2cm, while 40% had a tumor size of larger than 2 cm.

Table 1: Clinic-pathological parameters of bladder cancer patients (n=40)

Characteristics Cases (%)
Age (Y)

=67 18 (45.0)

>67 22 (55.0)
Smoking

Yes 28 (70.0)

No 12 (30.0)
Tumor size (cm)

=2.0° 24 (60.0)

>2.0 16 (40.0)
Histologic grade

Low grade 25 (62.5)

High grade 15 (37.5)
TAZ expression

Nuclear positive 29 (72.5)

Cytoplasmic positive 17 (42.5)

2 Median

The overexpression of type I collagen in bladder cancer

The expression of type 1 collagen was analyzed in bladder
cancer and normal bladder tissues. COLIAI and COLIA2
genes were evaluated in cancerous bladder tissue samples
and normal bladder tissues collected from BPH patients. Our
findings revealed that both the expression levels of COLIA1
(P<0.001) and COL1A2 (P<0.001) genes were significantly
higher in bladder cancer than in normal bladder tissues.
Further analyses revealed that COLIAI and COLIA2 were
positively associated with high-grade bladder cancer. These
two genes were assessed in various grades of bladder cancer
to investigate their association with the grade of bladder
cancer. Our results demonstrated that patients with high-
grade bladder cancer had dramatically higher levels of
COLI1AI (P=0.021) and COL142 (P=0.036) expression than
those with low-grade bladder cancer, indicating a positive
relationship between the grading of bladder cancer with the
expression rate of type I collagen (Fig.11, II).

Expression of NIDOGENI in human bladder cancer

For the assessment of the role of NIDOGENI in
tumorigenesis and tumor progression, the gene expression
of NIDOGENI was analyzed in bladder cancerous
and normal bladder tissue samples using qRT-PCR.
Our findings showed that NIDOGENI expression was
significantly (P<0.05) increased in bladder cancerous
tissue when compared with normal bladder tissues
(Fig.11ITA). The correlation of NIDOGENI expression



with the grading of bladder cancer tissue was also studied
and showed no significant (P=0.061) association between
the expression of this gene and the grades of bladder
cancer (Fig.1IIIB). Additionally, receiver operating
characteristic (ROC) curve analysis was showed that the
expression levels of the NIDOGENI gene expression
might be a possible tumor marker for bladder cancer. Our
findings demonstrated that the area under the curve (AUC)
for NIDOGENI between bladder cancerous and normal
bladder tissue was 0.861 (95% Confidence interval, 0.734-
0.942) when 40 cancerous bladder tissues and 20 normal
bladder tissue were compared (Fig.111IC).
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Fig.1: Gene expression of collagen type 1 and NIDOGEN1 (N/D1) in bladder
cancer (25 low grade and 15 high grade) and normal bladder tissue (n=20).
IA. COL1A1 gene expression was lower in bladder normal than cancerous
tissues. IB. COL1IA1 gene expression analysis showed markedly higher
in high-grade bladder cancer as compared to low-grade bladder cancer
tissues. IA. COL1IA2 gene expression was significantly higher in bladder
cancerous tissues that than normal bladder tissues. 11B. COL1A2 gene
expression was markedly higher in high-grade bladder cancer as compared
to low-grade bladder cancer tissues. IlIA. NIDI gene expression was
significantly higher in cancerous tissues than that bladder normal tissues.
1IB. NID1 gene expression in low- and high-grade bladder cancer tissues
revealed that high-grade bladder cancer had significantly higher NID1
gene expression as compared to the low-grade. I1IC. ROC of NIDI mRNA
level in normal and cancerous bladder tissues showed that the NID1
expression might be a possible tumor marker for bladder cancer. ROC;
Receiver operating characteristic, AUC; Area under the curve, *; P<0.05 in
all comparisons.

The correlation of high-grade bladder cancer with
collagen density

MT staining was performed to examine the collagen
density in various bladder tissues and then semi-quantified
using ImagelJ software. Images obtained from Masson’s
trichrome staining are displayed in Figure 2. The results
indicated that cancerous bladder tissues had significantly
(P<0.0001) a higher rate of collagen density in comparison
with normal bladder tissues (Fig.2D). The collagen density
was also evaluated in both grades (low and high) bladder
cancer groups. Interestingly, our findings demonstrated
that bladder cancer tissues with high-grade properties
had significantly (P<0.0001) a higher degree of collagen
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density in compression with low-grade bladder cancerous
tissues (P<0.001, Fig.2E).

A

Collagen Density (%)
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Fig.2: Masson’s trichrome (MT) staining for collagen density in different
groups (scale bar: 60 um). A. Representative image for normal bladder
tissue. B. Representative image for low-grade bladder cancer; less
collagen bundles had grown into the bladder tissue (arrow). C. High-grade
bladder cancer, many collagen bundles had grown into the bladder tissue
(arrows). D. Collagen density in bladder normal and cancerous tissues. E.
Collagen density in low- and high-grade bladder cancer tissues. *; P<0.05
in all comparisons.

TAZ expression in bladder cancer and normal bladder
tissue

As shown in Figure 3IA, the 74Z mRNA expression was
statistically (P=0.038) higher in bladder cancerous tissues
than that in normal bladder tissue samples. Moreover,
TAZ expression has a significant correlation with high-
grade bladder cancer. The results also revealed that
the gene expression of 74Z was considerably (P=0.46)
elevated in high-grade tumors in comparison with low-
grade cancerous tissues (Fig.3IB). For the assessment of
the relationship between 7AZ expression and collagen
density, the correlation between 74Z expression and
the mRNA expression of COLIAI and COL1A2 genes
was analyzed. As expected, a positive correlation was
found between TAZ expression and collagen density. Our
results demonstrated that the mRNA expression of 747
was significantly correlated with expression levels of
COLI1A1I (Fig.31C) and COL1A42 (Fig.31D) genes.

The relationship between TAZ nuclear localization
and high-grade bladder cancer

The immunohistochemical analysis using a specific
antibody showed the nuclear and cytoplasmic localization
of the TAZ protein in human bladder cancerous and normal
tissues. Images obtained from IHC staining are depicted in
Figure 31I. Among bladder cancerous tissue samples, 72.5%
(29/40) and 42.5% (17/40) of bladder cancerous tissues were
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positive for nuclear and cytoplasmic localization of TAZ,
respectively. Moreover, the results showed that 20% (4/20)
and 0% of normal bladder tissues were positive for nuclear
and cytoplasmic localization of TAZ. The correlation of the
subcellular localization of the TAZ protein with the grade
of bladder cancer was assessed by the immunohistochemical
analysis. Our findings demonstrated that TAZ nuclear
localization was positively associated with high-grade
bladder tumors. Notably, the results demonstrated that all of
the cancerous tissues with high-grade tumors were positive
for nuclear localization of TAZ; however, that cytoplasmic
localization of TAZ was not statistically correlated with the
grades of bladder cancer (Table 2).

Table 2: Association between histologic grade and clinic-pathological
characteristics of patients with bladder cancer

Characteristics Histologic grade P value®
Low (%) High (%)

Age (Y) 0.412
=67 10 (40.0) 8(53.3)
>67 15 (60.0) 7 (46.7)

Smoking 0.722
Yes 17 (68.0) 11 (73.3)
No 8(32.0) 4(26.7)

Tumor size (cm) 0.008
=2.0° 19 (76.0) 5(33.3)
>2.0 3(24.0) 10 (66.7)

Nuclear TAZ
Positive 14 (56.0) 15 (100.0) 0.003
Negative 11 (44.0) 0(0.0)

Cytoplasmic TAZ
Positive 11 (44.0) 6 (40.0) 0.804
Negative 14 (56.0) 9 (60.0)

2; Chi-square test and °; Median.

The association of TGF-f1 expression with the
development of bladder cancer and its grading

The gene expression of TGF-f1, at the level of the gene and
protein, was analyzed in normal and cancerous bladder tissues
to examine whether 7GF-f1 expression is linked to tumor
development. As shown in Figure 4, the results indicated that
the TGF-f1 gene was significantly (P<0.001) higher in bladder
cancerous tissues in comparison to normal bladder tissue
samples. Cancerous tissues with high-grade bladder cancer
had a significantly (P<0.05) higher rate of 7TGF-1 expression
(three times) in comparison with those with low-grade
bladder cancer. The change in the gene expression of TGF-51
was confirmed by the analysis of the protein expression of this
gene. Patients with normal bladder tissues had a significantly
(P=0.039) lower degree of TGF-fI expression compared
with those with bladder cancer. The results demonstrated that
the serum level of TGF-B1 was higher in high-grade bladder
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cancer patients as compared with low-grade bladder cancer.
However, such a difference in the serum level of TGF-B1
was not statistically (P>0.05) significant between high and
low-grade bladder cancer. The serum level of TGF-1 was
positively correlated with the rate of the gene expression of
TGF-p1 (FigAF). The results demonstrated that there was
no considerable association between the gene expression of
TGF-B1 and TAZ proteins (Fig.4C).
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Fig.3: TAZ gene expression and Immunohistochemistry staining in bladder
cancer (25 low-grade and 15 high-grade) and normal bladder tissues
(n=20). IA. TAZ gene expression was considerably higher in bladder
cancer as compared to the normal bladder tissues. IB. High-grade bladder
cancer showed a markedly higher TAZ gene expression than that low-
grade bladder cancer tissues. TAZ mRNA expression showed a positive
correlation between and IC. COL1IA1 and ID. COL1A2 mRNA levels. II.
Representative images from IHC staining of YAP (x720); the nuclear TAZ
expression (blue arrow), cytoplasmic TAZ expression (red arrow) and non-
nuclear TAZ expression (black arrow). *; P<0.05 in all comparisons.
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Fig.4: TGF-B gene and protein expression in bladder cancer (25 low-grade
and 15 high-grade) and normal bladder tissues (n=20). A. TGF-B8 gene
expression was significantly increased in bladder cancer as compared to
the normal bladder tissues. B. High-grade bladder cancer showed a higher
TGF-B gene expression than that low-grade bladder cancer tissues. C. TGF-8
gene expression was positively correlated with TAZ mRNA expression level.
D. Serum TGF-B level was considerably elevated in patients with bladder
cancer as compared to the healthy subjects. E. Serum TGF-$ levels was not
statistically different between patients with low- and high-grade bladder
cancer. F. There was a positive correlation between TGF-8 mRNA level and
serum TGF- levels. *; P<0.05 in all comparisons.



Discussion

Bladder cancer is a commonly distributed cancer that
affects the urinary tract. According to the grading system
of the world health organization (WHO), bladder cancer is
histopathologically classified into three grades as follows:
papillary urothelial neoplasms of low malignant potential
(PUNLMP), low-grade, and high-grade urinary tumors
(23).

The alterations in basal membrane and ECM components
play a crucial role in the progression of bladder cancer and
its prognosis. A large number of studies have reported that
the modulation and increased components of the ECM
may participate in the bladder tumor development and
cancer cell growth, while the precise molecular pathway
underlying these events has not been fully understood.
Recently, it has been revealed that type I collagen is one
of the main components of the ECM microenvironment,
which is associated with epithelial tumorigenesis (7).

Herein, we attempted to analyze the expression of type
1 collagen and its relationship with bladder tumorigenesis.
Our results demonstrated that COLIAIl and COLIA2
genes were highly expressed in bladder cancerous tissue
compared to normal bladder tissues, and their expression
levels were associated with bladder cancer with high-
grade properties. Masson’s trichrome staining showed
the increased expression of collagen in bladder cancerous
tissue as compared with normal bladder tissues. In line with
the results of Masson’s trichrome staining, tissues with
high-grade bladder cancer had a higher rate of the collagen
density in compression with bladder cancer tissues with
low-grade properties. In agreement with our study, other
similar studies reported the same expression of type I
collagen in various cancer types, including colon (24) and
bladder cancer (7). Also, increased collagen cross-linking
and elevated components have been previously reported
to be positively associated with cancer progression (6,
25). Due to the importance of type I collagen in ECM
components, these results implicate a role for tumor
microenvironment in the development of bladder cancer.
Moreover, we demonstrated that NIDOGENI, as an
essential part of the ECM, is overexpressed in bladder
cancetr.

Other studies showed a positive relationship between the
gene expression of NIDOGEN] and the grades of bladder
cancer. Parallel with an increase in the gene expression
of type 1 collagen, NIDOGENI was markedly expressed
in high-grade cancerous bladder tissues when compared
with low-grade bladder tumor samples. One possible
mechanism for such a direct relationship is that the ECM
is overexpressed in cancerous bladder tissue, especially in
high-grade bladder tumor. The excessive amounts of the
ECM at the proximity of cancer cells increase the stiffness
of the ECM and contribute to cancer progression (26).
Besides, the stiffened ECM interacts with cell surface
receptors, such as integrins, which convert mechanical
force into biochemical signaling pathways, such as the
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Hippo pathway and, as a consequence, stimulates the
proliferation and growth of cancer cells (27). The ROC
curve analysis revealed that NIDOGENI expression
could be a possible tumor marker for bladder tumor.

Given the significance of the modulation of the ECM
in cancer development, changes in the composition of
the ECM may influence the activity of multiple signaling
pathways, such as the Hippo pathway (28). The Hippo
pathway, as a critical regulator of cancer development,
affects cell fate through its central components, YAP/
TAZ, and nuclear localization (29). We showed that the
gene expression of 74Z is upregulated in bladder cancer.
We also investigated the association between the type I
collagen expression and subcellular localization of TAZ
to determine whether there is a possible link between the
modulation of the ECM and 74Z expression. Elevated
expression of type I collagen was positively associated
with TAZ expression.

It has been shown that cancer cells can sense external
mechanical cues generated by ECM components through
several contact points, including integrin-based cell-matrix
(focal) adhesions, stretch-modulated ion channels, and
cell-cell junctions (30). As previously reported, increased
collagen cross-linking, and substrate rigidity can delicately
control the subcellular localization of TAZ. In line with
the present study, recent findings showed that TAZ is
transported into the cytoplasm when the cells grow in a
soft matrix, whereas the stiffened matrix led to nuclear
localization of TAZ and stimulates the expression of some
genes involved in cell division and progression (31).

In addition to regulating the cytoplasmic/nuclear
localization of TAZ, ECM modulation, and its rigidity can
also control the gene expression of 74Z in cancer cells. In
the current research, it was shown that 74Z expression
was positively correlated with the expression of the main
proteins of the ECM in bladder cancer, such as type I
collagen. Also, our findings demonstrated that 74Z gene
expression was positively associated with tumor grading,
and patients with higher grades of bladder cancer had
a higher rate of 74Z expression compared to low-grade
bladder cancer. It is worth mentioning that the relationship
between TAZ activity and higher tumor grading scores in
various types of cancer has previously been reported in
several studies (32). It has been reported that in the case
of TAZ overexpression, this protein is localized to the
nucleus and interacts with TEAD to induce high-grade
tumors (33).

Interestingly, our findings revealed that most patients
with high-grade bladder cancer were positive for TAZ
nuclear localization, and there was a positive relationship
between TAZ nuclear localization and tumor grading. In
agreement with our findings, Xie et al. showed that YAP/
TAZ activity in the nucleus promotes the expression of
oncogenic factors and contributes to cancer progression
(34). Recently, it has been reported that TAZ activity is
necessary for the transduction of tumorigenic phenotypes
induced by TGF-B1 in cancer cells (11).
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TGF-B1 plays an intricate role in cancer development,
and it also can suppress the oncogenic factors at the early
stages of tumor development; however, it is also capable
of enhancing the late stages of tumorigenesis (35).
Moreover, TGF-B1 promotes the production of ECM in
cancerous tissues (18). In this study, a significant elevation
for the expression of the TGF-f1 gene and protein e in
bladder cancer tissue were observed as compared with
normal bladder tissues. As expected, in patients with
high-grade bladder tumors, the expression of TGF-f1
was markedly higher than those with low-grade tumors.
Collectively, these findings suggest that TGF-B1 could
play a significant role in cancer progression. In line
with the present study, similar results were reported in
previous investigations performed on bladder cancer (36-
39). A possible mechanism by which TGF-1 promotes
cancer progression is the activation of SMADs and their
accumulation in the nucleus to cooperate with TAZ (11). It
is well-known that activated TAZ increases the expression
of genes involved in tumorigenesis (40). However, our
findings revealed no significant association between
the expression of 7TAZ and TGF-f1, and further studies
with a large sample size would be needed to clarify the
relationship between these two proteins and their impact
on the progression of tumors.

Conclusion

Our study showed the significance of the alterations of
ECM components and TAZ nuclear localization and their
correlation with tumor grading. We also highlighted the
importance of the expression of type 1 collagen, as well as
the expression of TGF-f1 and TAZ, and also subcellular
localization of TAZ in bladder cancer progression.
However, further studies are needed to clarify the possible
relationship between TGF-f1 and the Hippo pathway.
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