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Abstract

Purpose: To determine whether p53, PCDHI7, Beclin-l expression is associated with

clinicopathological characteristics of bladder cancer.

Materials and Methods: 75 patients with non-muscle-invasive and muscle-invasive bladder
cancer were included. Immunohistochemical staining for p53, PCDH17 and Beclin-1 were carried
out on the same paraffin-embedded blocks serial sections of these patients who underwent surgery
between 2010 and 2015. In addition, p53 gene mutations in these tumors were screened by DNA

sequencing.

Results: Forty-nine (66.7%) of 75 tumors had p53 gene mutations detected by DNA sequencing
method. Of these tumors, 43 (86.0%) exhibited p53 high expression. Furthermore, p53 mutation
and low expression of PCDH17 were significantly associated with muscle-invasive bladder cancer.
Beclin-1 was also strongly associated with T stage. The p53 mutation, the expression of p53 and
PCDH17 were significantly associated with survival from bladder cancer. In addition, patients with
p53 high-expression or p53 mutation, PCDHI17 low-expression and Beclin-1 low-expression

significantly had a poor prognosis.

Conclusions: Use of a DNA sequencing method to detect p53 gene mutations was consistent with

an immunohistochemical method to detect p53 alterations. In conjunction with

levels of

p53/PCDH17/Beclin-1, p53 and PCDH17 were independently associated with prognosis; Beclin-1
only had a tendency towards overall survival. p53/PCDH17/Beclin-1 phenotype seems to play a
more important role than p53 expression in bladder cancer outcome. It is also identified that
p53/PCDH17, p53/Beclin-1 or PCDH17/Beclin-1 all have a cooperative and synergistic effect, which

may provide us the potential biomarker for bladder cancer patients.
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Introduction

Urinary bladder cancer (UBC) is the fourth most ~ cancers are urothelial cell carcinomas, which are
frequent malignancy in men in the United States [1].  broadly categorized into muscle-invasive bladder
To the best of our knowledge, 90% of urinary bladder = cancer (MIBC) and non-muscle-invasive bladder
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cancer (NMIBC) [2]. MIBC presents with a poor
prognosis, and this definition represents more than
50% mortality account for their disease [3]. Patients
with NMIBC generally have a variable clinical course
with potential for progression and significant risk of
recurrence [4]. The International Society of Urological
Pathology (ISUP) meeting in 2013 declared that there
was no ideal marker in the respect of urothelial
differentiation [5]. In recent years, there have been
great effort in biomarkers in the prognosis and
prediction of bladder cancer (BLCA), such as protein
53 (p53), protein 21 (p21), RB transcriptional
corepressor (pRB), survivin and so on [6]. Even more
interesting is the probability of finding precise
biomarkers that could be applied to routine clinical
practice to evaluate clinical outcome by
immunohistochemistry [7].

Urinary bladder cancer, a heterogeneous disease,
develops via two pathways referred to as basal and
luminal subtype which correspond to different
clinical behaviors and distinct responses to
chemotherapy [8]. And the emerging evidence
indicates the complex structural genomic alterations
with the dysregulation of several key regulatory
pathways involving cell cycle, phosphatidylinositol 3
kinase (PI3K) signaling, and chromatin remodeling
[9]. The most frequently mutated gene is tumor
protein p53 (TP53) in MIBC, which acts upon
cell-cycle progression. A growing number of studies
suggest that both p53 and phosphatase and tensin
homologue deleted on chromosome 10 (PTEN)
deficiency contribute to the development of an
invasive phenotype of UBC [10]. p53 expression is
more frequently strong in higher stage of urothelial
carcinoma [11, 12]. Interestingly, autophagy is strictly
interconnected with the bladder cancer progression
[13]. Beclin-1, an important mediator of autophagy,
correlated with Bcl-2 plays a critical role in the
development and progression of UBC [14].
Fortunately, fundamental insights into the biology of
UBC are starting to emerge, based on genetic and
epigenetic changes [15]. DNA methylation, histone
modification =~ and  RNA  interference  are
well-established epigenetic alterations in bladder
cancer [16]. What's more, DNA methylation leads to
the inactivation of tumor suppressor genes and to the
potential for diagnosis, prognosis and therapy of
bladder cancer [17]. Protocadherin 17 (PCDH17),
belonging to the subgroup of the cadherin
superfamily, is frequently silenced by promoter
methylation [18]. PCDH17 promoter methylation is
closely related with malignant behavior and may be
regarded as an independent predictor of clinical
outcomes in bladder cancer [19]. Costa et al. found
that the correlation between PCDH17 methylation

and clinicopathological ~parameters (such as
pathologic stage and grade) provide the descriptions
of prognosis in bladder cancer [18].

Taken together, it has been acknowledged that
mutant p53 may gain functions that accelerate

malignant progression and increase cancer
invasiveness  through  disordered autophagy
regulation. The recent findings that p53

overexpression contributes to the inhibition of
Beclin-1 ubiquitination, which is associated with high
autophagic activity [20]. Disordered autophagy
regulation and imbalanced cell growth via
p53/Bcl-2/Beclin-1 pathway lead to accumulation of
cells in glioma [21]. Studies investigating
p53/Bcl-2/Beclin-1 pathway with clinicopathological
parameters in urinary bladder cancer have been
conflicting. What’s more, the interaction of p53 and
PCDH17 in bladder cancer prognosis remains
unknown.

Here, we retrospectively selected 75 urinary
bladder cancer cases and performed
immunohistochemical analysis for p53, PCDH17 and
Beclin-1 on the same paraffin-embedded blocks. We
also compared p53 gene mutations using
immunohistochemical analysis with that of
DNA-based sequence analysis. The purpose of the
present study is to determine that p53/
PCDH17/Beclin-1 is as part of an effort to predict
urinary bladder cancer progression and prognosis.

Materials and Methods

Patient population and tumor samples

All patient information and clinical data were
obtained from Sir Run Run Shaw Hospital, Zhejiang
University, Hangzhou, China. A total of 75 patients
with formalin-fixed, paraffin-embedded tumors
(FFPE) were selected retrospectively, who had
undergone surgery between 2010 and 2015. Patients
were histopathologically diagnosed by pathology
department. We excluded patients who had received
preoperative  radiotherapy, chemotherapy, or
chemoradiotherapy. Histology, grade, stage, and
presence of carcinoma in situ were confirmed by
pathology department in Sir Run Run Shaw Hospital.
Tumor staging and grading was carried out according
to the American Joint Committee on Cancer (AJCC),
TNM Staging System for Urethral Carcinoma (8th ed.,
2016). When the patient died, the cause of death was
determined by the attending physician or by death
certificate.

Immunohistochemistry

P53, PCDH17 and Beclin-1
immunohistochemistry (IHC) were available in 75
cases. FEach case was selected from a
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hematoxylin-eosin (H&E)-stained section of a donor
block and performed p53, PCDH17 and Beclin-1
immunohistochemical staining using the aboving
sections from the same paraffin-embedded blocks.
The sections were incubated with p53 antibody (1:750
dilution; DO-1, SANTA CRUZ, Europe), PCDH17
antibody (1:1000 dilution; HPA026817, Sigma, CA,
USA) and Beclin-1 (1:150 dilution; E-8, SANTA CRUZ,
Europe) respectively overnight at 4 °C. A DAB Kit
(GK300710, GENE TECH, CHINA) was applied to the
sections, followed by haematoxylin counterstain.
Comparing cancer tissue with paracancer tissue,
the staining conditions for each antibody were
established, which was used as internal control in
each staining protocol. Specimens from normal tissue
(for PCDH17 and Beclin-1) and bladder cancer tissue
(for p53) served as positive controls. In p53 IHC,
nuclear expression with higher intensity than internal
positive control was regarded as positive.
Cytoplasmic staining in 75 cases with higher intensity
than internal positive control was interpreted as
positive in PCDH17 or Beclin-1 IHC. In each case, at
least 500 cells were evaluated in 5 representative high
power fields (200 x), and the proportion of positively
stained cells was calculated. According to the p53,
PCDH17 and Beclin-1 protein staining, protein
expression was scored based on the intensity of
nuclear or cytoplasmic staining, using a four-point
system: 0, negative; 1, weak; 2, moderate; and 3,
strong. All immunostaining score were achieved by
two investigators who were blinded to clinical data.
Then, we divided patients into two groups: low
expression (0 and 1, -) or high expression (2 and 3, +).

p53 mutation analyses

In the Molecular Pathology Laboratory of
Department of Pathology, Sir Run Run Shaw
Hospital, Zhejiang University, Hangzhou, China,
assessment of pb3 mutational status was using
appropriate quality control procedures. Mutation
status was determined using genomic DNA extracted
from tumor tissue. P53 mutation analysis was carried
out using bi-directional Sanger sequencing analysis
performed on an independent polymerase chain
reaction (PCR) and primers. The sequencing was done
on 3730XL with BigDye Taq FS Terminator version 3.1
with analysis done on an ABI Sequence Scanner
version 1.0.

Statistical analyses

For purposes of analysis, tumor stage (Ta, Tis, T1
vs. T2, T3, T4), stage (stageOa, Ois, I vs. stage 11, I1I, IV)
were evaluated as dichotomized variables. The

two-tailed x2 test was used to analyse the association
of protein expression with clinicopathological
parameters. The relationship with patient survival
was analyzed through Kaplan-Meier analysis, which
was assessed with the log-rank test. Multivariate
survival analysis was performed by Cox proportional
hazards regression model. For all tests, p < 0.05 was
considered statistically significant. All analyses were
performed with SPSS 11.0 for Windows (SPSS Inc.,
Chicago, IL, USA).

Results

Expression of p53, PCDH17 and Beclin-1 in
urinary bladder cancer

IHC was carried out in 75 specimens to examine
the expression of p53, Beclin-1 and PCDH17 in UBC
patients who underwent surgical treatment
(cystectomy, transurethral resection of bladder
tumor), which was selected regarding to the AJCC
guideline (Table 1). Normal bladder epithelium
showed heterogeneous Beclin-1, heterogeneous
PCDH17 and absent p53. Beclin-1 and PCDH17
staining patterns were mainly cytoplasmic, while p53
was in the nuclear (Figure 1). We also detected
alterations in the pb3 gene by means of the
DNA-based sequencing method. Fifty (66.7%) of 75
tumors in urinary bladder cancer had p53 gene
mutations. Forty-three tumors (86.0% of the p53
mutant) had elevated levels of p53 protein as detected
by IHC (P<0.001, Table 1), indicating a 12.2%
false-positive frequency with IHC. Thus, tumors from
75 patients were available for this comparative study.

Next, we examined the correlation of these three
markers. Forty-eight tumors showed absolutely
inverse staining between p53 and PCDH17, while 51
between p53 and Belin-1. PCDH17 staining was
strongly concordant with Beclin-1 expression in all
tumors (54/75, concordance rate, 72.0%). For further
analyses, we combined the three markers.
Twenty-nine tumors that were p53 high expression
and inversely showed low expression of Becin-1
staining (Pearson x2, p < 0.05). There was a similar
relationship between PCDH17 and Beclin-1, with
thirty tumors showing weak PCDH17 staining and
also low expression of Beclin-1 staining (Pearson x2, p
< 0.05).

The p53 mutation and the expression of PCDH17
were strongly associated with MIBC (Pearson x2, p <
0.001, respectively). There was also statistical
significance in association with tumor stage and
pathological stage (Pearson x2, p < 0.05).
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Table 1. Association of the Expression of p53, PCDH17, and Beclin-1 With Clinicopathologic Characteristics and Survival Estimates of 75
Bladder Cancer Patients Who Underwent Surgical Treatment.

Characteristic ~ Patients p53 Mutation P53 Expression PCDH17 Expression Beclin-1 Expression
No %  Mutation Pearson p-value High-expression Pearson p-value Low-expression Pearson p-value Low-expression Pearson p-value
. No. %  Correlation No. % Correlation No. % Correlation No. % Correlation
Total 75 100 50 66.7 49 65.3 48 64.0 57 76.0
Gender 0.115 0.319 -0.037 0.746 -0.016 0.888 -0.165 0.154
Female 16 213 9 56.3 11 68.8 10 62.5 10 62.5
Male 59 787 41 695 38 64.4 38 64.4 47 79.7
Smoking -0.019 0.867 0.003 0.979 -0.025 0.828 -0190 0.100
Yes 29 387 19 655 19 65.5 19 65.5 25 86.2
No 46 613 31 609 30 65.2 29 63.0 32 69.6
Alcohol -0.108 0.348 -0.027 0.818 -0.054 0.642 -0.040 0.728
Yes 19 253 11 579 12 63.2 13 68.4 15 789
No 56 747 39 69.6 37 66.1 35 62.5 42 75.0
Diabetes 0.087 0.451 0.097 0.403 -0.021 0.859 -0.111 0.334
Yes 9 120 7 77.8 7 77.8 6 66.7 8 88.9
No 66 880 43 652 42 63.6 42 63.6 49 74.2
BMI -0.097 0.399 -0.017 0.883 0.110 0.340 0.147 0.203
<24 47 627 33 702 31 66.0 32 68.1 38 80.9
>=24 28 373 17 60.7 18 64.3 16 57.1 19 67.9
Tumor stage 0.354 0.002" 0.224 0.052 -0.236 0.041 -0.203 0.079
Ta, Tis, T1 60 80.0 35 583 36 60.0 35 58.3 43 71.7
T2, T3, T4 15 200 15 100 13 86.7 13 86.7 14 93.3
Invasiveness 0.354 0.002" 0.224 0.052 -0.236 0.041 -0.203 0.079
Invasive 15 200 15 100 13 86.7 13 58.3 14 93.3
Non-Invasive 60 80.0 35 583 36 60.0 35 86.7 43 71.7
P53 Mutation 0.614 <0.001" -0.471 <0.001" -0.530 <0.001™
Wide type 25 333 6 24.0 8 32.0 11 44.0
Mutation 50 66.7 43 86.0 40 80.0 46 92.0
P53 expression 0.614 <0.001" -0.212 0.066 -0.247 0.033"
Low 26 347 7 26.9 13 50.0 16 61.5
High 49 653 43 878 35 714 41 83.7
PCDH17 -0.471 <0.001" -0.212 0.066 0.359 0.002"
expression
Low 48 640 40 833 35 72.9 42 87.5
High 27 360 10 37.0 14 51.9 15 55.6
Beclin-1 expression -0.530 <0.001™ -0.247 0.002" 0.359 0.002"
Low 57 760 46 80.7 41 71.9 42 64.0
High 18 240 4 222 8 44.4 6 33.3

*p-value<0.05; ** p-value<0.01

Figure 1. Representative immunohistochemical staining for p53, PCDH17 and Beclin-1 in urinary bladder cancer, which is expressed in the nuclear or cytoplasm (200 x). Case
1: p53 mutation/ p53 wild-type (A, D); Case 2: PCDH17 mutation/ PCDH17 wild-type (B, E); Case 3: Beclin-1 mutation/ Beclin-1 wild-type (C, F).
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Association of p53, PCDHI17, and Beclin-1 as
individual variable with patient survival

To determine the association between pb53,
PCDH17, or Beclin-1 and prognosis of bladder cancer
patients, all patients were followed-up disease
outcomes after surgery. The followed-up period was
36 months or more, and 11 patients were dead at the
time of analysis. Re-operation occurred in 3 patients,
and two of them were dead after radical cystectomy.
We excluded the characteristic of tumor stage, and
selected 60 non-muscle invasive bladder cancer
patients. Kaplan-Meier analyses were performed with
respect to patient survival from bladder cancer for p53
mutation or p53, PCDH17 and Beclin-1 expression.
p53 and PCDH17 were each significantly associated
with survival from bladder cancer (p=0.038, p=0.031,
p=0.031, Figure 2A, 2B, 2C), while low-expression of
Beclin-1 just showed a trend towards patient survival
(p=0.112, Figure 2D).

Association of p53, PCDHI17, and Beclin-1 as
combined variable with patient survival

The Kaplan-Meier survival curve of BLCA
patients also be estimated according to the following
three potential combinations of combined variables:
p53 and PCDH17, p53 and Beclin-1, and PCDH17 and
Beclin-1. We classified it into four types
(low-/high-expression, both high-expression,
high-/low-expression, both low-expression). Patients
could be stratified as low- and high-risk for death. We
found that the combined p53 and PCDH17 status was
associated with bladder cancer survival. Combination
P53 mutation or p53 high-expression with PCDH17
low-expression versus the others were significantly
association with survival for BLCA (p=0.004, p=0.002,
respectively, Figure 3A, 3D). Similarly, p53/Beclin-1
(p=0.017, p=0.008, Figure 3B, 3E) and
PCDH17/Beclin-1 staining status (p=0.010, Figure 3C)
were also associated with bladder cancer survival.

Of the 60 patients, 22 of them were p53
high-expression and PCDH17 plus Beclin-1
low-expression status, while twenty-six of them with
p53 mutation and PCDH17 plus Beclin-1
low-expression status. When analyzed as categoric
variables in Kaplan-Meier analysis, the bladder cancer
had a poor prognosis (p=0.003, p=0.001, Figure 3F,
3G).

Cox analysis of combined variables
incorporating pathologic features

Univariate analysis showed that stages
(p=0.031), p53 mutation (p=0.157), p53 expression
(p=0.148) and PCDH17 expression (p=0.140) were
associated with overall survival rates (Table 2). We

also confirmed that the combined p53 and Beclin-1
status was associated with bladder cancer survival
(p=0.038). So was PCDH17/Beclin-1 (p=0.038). When
overall p53, PCDH17 and Beclin-1 status as a single
marker, it was significantly associated with bladder
cancer survival (p=0.008).

According to the data above, we comprised p53,
PCDH17 expression and Beclin-1 expression. For
multivariable Cox proportional hazards regression
analysis, stages, p53/PCDH17/Beclin-1 expression
were adjusted for the whole group of tumors (Table
3). When pb3/PCDH17/Beclin-1 expression was
modeled with stages, it was the sole predictors of
bladder cancer death (p=0.015). We have a
preliminary conclusion that: p53 high-expression plus
PCDH17 low-expression and Beclin-1 low-expression
were significantly in connection with a poor
prognosis.

Table 2. Univariate Cox Regression Analyses of Pathologic
Features and Molecular Markers for the Disease-Specific Survival
of 75 Bladder Cancer Patients Who Underwent Surgical
Treatment.

Variables Univariate
Hazard 95%CI p-value
Ratio

Gender (male/female) 1.410 0.374-5.315 0.612
Smoking (yes/no) 1.344  0.692-2.609 0.383
Alcohol (yes/no) 0.780  0.422-1.442 0.428
Diabetes (yes/no) 1193  0.427-3.334 0.737
BMI (<24/>=24) 1.004  0.543-1.856 0.989
TNM Stage (Ta+Tis+T1/T2+T3+T4) 0519  0.287-0.940 0.031*
P53 mutation (mutation/wide type) 0.156  0.012-2.040 0.157
p53 expression (low/high) 0.153  0.012-1.946 0.148
PCDH17 expression (low/high) 6.669  0.538-82.714 0.140
Beclin-1 expression (low/high) 1.848  0.661-5.166 0.242
P53 mutation/PCDH17 expression 0.015  0.000-1.946 0.091
P53 mutation/Beclin-1 expression 0.143  0.018-1.115 0.063
PCDH17/Beclin-1 expression 8.848  1.132-69.145 0.038"
p53 mutation/PCDH17/Beclin-1 0.022  0.011-0.702 0.090
expression

p53/PCDH17 expression 0.011  0.000-1.536 0.073
P53/ Beclin-1 expression 0.107  0.014-0.834 0.033*
p53/PCDH17/Beclin-1 expression 0.063  0.008-0.493 0.008*

Table 3. Multivariable Cox Regression Analyses of Pathologic
Features and Molecular Markers for the Disease-Specific Survival
of 75 Bladder Cancer Patients Who Underwent Surgical
Treatment.

Variables Multivariate

Hazard Ratio  95%ClI p-value
Model 1
Stage (0a+0is+I/II+II+IV) 0.458 0.138-1.522  0.202
p53/PCDH17/Beclin-1 expression  0.075 0.009-0.602  0.015*
Model 2
Stage (0a+0is+1/II+III+IV) 0.461 0.138-1.546  0.210
p53 mutation and PCDH17/Beclin-1 0.112 0.014-0.907  0.033"
expression
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Figure 2. Kaplan-Meier survival curves of 60 Bladder Cancer patients who underwent surgical treatment according to p53 mutation and p53, PCDH17, Beclin-1 expression. (A)
The overall survival rate for patients with p53 low-expression was significantly higher than that for patients with p53 high-expression (p=0.038). (B) The overall survival rate for
patients with p53 mutation was significantly higher than that for patients with p53 wide-type (p=0.031). (C) The overall survival rate for patients with PCDH17 high-expression
was significantly higher than that for patients with PCDH17 low-expression (p=0.031). (D) No significant difference between the overall survival rate for patients with Beclin-1

high-expression and that for patients with Beclin-1 low-expression (p=0.112).

Discussion

The tumor suppressor gene TP53 serves as a
‘genome guardian’, maintaining genomic integrity
and stability by triggering cell-cycle arrest, DNA
repair, and apoptosis, as well as autophagy [22].
Complex molecular circuitries contribute to Bladder
tumorigenesis, relying on TP53 inactivation and and
tumor-suppressor dysfunction [6]. p53 has been
studied as a marker to determine the risk of urothelial
cell carcinoma recurrence and progression [23].
Wild-type p53 prevents its accumulation in the cell
nucleus due to the short half-life of up to 30 min for its
detection by immunohistochemistry [24]. However,

TP53 mutations result in increased intra-nuclear p53
accumulation which are resistant to
ubiquitin-mediated degradation. Despite the large
body of evidence indicating a progressive increase of
p53 IHC expression from non-missense mutations (i.e.
nonsense, deletion, and insertion), to wild-type TP53,
and eventually to inactivating mutations [25].
Significant correlations are observed between the
invasiveness of urothelial cell carcinoma and the
immunohistochemical patterns of TP53 mutations,
but single p53 marker is not sufficient to assess
outcome of MIBC. It is exactly that not fully
understood [6]. There is no consensus on which
antibody is most suitable for the assessment of
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mutation-associated p53 expression [26]. Nenutil R et
al. verified that the phospho-specificity of the
antibody did not add sufficient value to the outcome
prediction comparing with total p53 levels [27]. In
keeping with previous papers, we demonstrate that
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there is also p53 high-expression at the protein level in
urinary  bladder cancer. What's more, p53
overexpression is correlated with high stage and
invasiveness, which refer to an aggressive tumor
phenotype.
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Figure 3. Kaplan-Meier survival curves of 60 Bladder Cancer patients who underwent surgical treatment according to combined p53, PCDH17 and Beclin-1 expression, which
was classified it into two types. (A) The overall survival rate for patients with p53 mutation plus PCDH17 expression (p=0.004). (B) The overall survival rate for patients with
p53 mutation plus Beclin-1 expression (p=0.017). (C) The overall survival rate for patients with PCDH17 expression plus Beclin-1 expression (p=0.010). (D) The overall survival
rate for patients with combined p53 and PCDH17 expression (p=0.002). (E) The overall survival rate for patients with combined p53 and Beclin-1 expression (p=0.008). (F) The

overall survival rate for patients with combined p53 mutation and PCDH17 plus Beclin-1
expression and PCDH17 plus Beclin-1 expression (p=0.001).

expression (p=0.003). (G) The overall survival rate for patients with combined p53
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Mutant p53 proteins, not wild type p53,
suppresses the autophagic flow from autophagy
related gene (ATG) regulation to the autophagic
vesicles formation and their fusion with lysosomes
[28]. In addition, p53 binding to the adenosine
monophosphate activated protein kinase a (AMPKa)
subunit counteracts AMPK complex with the
concomitant phosphorylation of upstream kinases
[29]. The activation of the phosphatase and tensin
homologue  deleted on  chromosome 10/
phosphatidylinositol 3 kinase/ protein kinase B/
mammalian target of rapamycin
(PTEN/PI3K/AKT/mTOR) pathway can also induce
the tumorigenic phenotype [10]. Stimulation of mTOR
pathway has been associated with the repression of
Beclin-1 phosphorylation, which activates the
autophagy related protein 14L- vacuolar protein
sorting (ATG14L-VPS34) (a class I
phosphatidylinositol 3 kinase) complex [30]. Liu et al.
reported Beclin-1 expression decreased in bladder
cancer tissues, which was found in the mRNA level,
protein expression, and immunoreactivity [14]. They
also showed that the expression level of Beclin-1 is
related with histopathological grades, TNM stages
and overall survival [14]. As has been suggested by
some articles, down-regulation of Beclin-1 may play a
key role in aggressiveness and progression by
deregulation of autophagy [31]. Also, the Beclin-1
expression has been shown to be inversely associated
with the expression of Bcl-2 in bladder cancer by
regulation of autophagy [31]. The recent findings that
P53 inhibits Beclin-1 ubiquitination results in the high
level of Beclin-1, which shows high autophagic
activity [20]. Disordered autophagy regulation and
imbalanced cell growth via pb53/Bcl-2/Beclin-1
pathway lead to accumulation of cells in glioma [21].
However, p53-Beclin-1 interaction in UBC remains
unknown. Our results show that alterations of
Beclin-1 have a tendency for muscle-invasive bladder
cancer and tumor stages. However, Beclin-1 only has
a trend for bladder cancer survival, not significant
association.

Protocadherins (PCDHs), belonging to the
cadherin superfamily of proteins, are divided into two
groups: clustered and non-clustered [32]. In recent
years, PCDH17 was identified as a tumor suppressor
gene for breast cancer, through promoter methylation
[33]. However, little is known about the role of
PCDH17 in urothelial bladder cancers. PCDH17
promoter methylation was significantly correlated
with advanced stage and high grade tumors,
revealing that PCDH17 might therefore be a
prognostic target in bladder cancer [19]. In addition,
DNA methylation, which induces the inactivation of
tumor suppressor genes, plays an important role in

bladder cancer [16]. The most significant new
developments are focused on forerunner genes,
mainly by hypermethylation, which occur in the early
phases of carcinogenesis [8]. In our study, we confirm
that PCDH17 is also a strong predictor of bladder
cancer outcome in patients undergoing surgery. These
findings suggest that PCDH17 low-expression is also
associated with an aggressive tumor phenotype,
involving stages and invasiveness.

Our results showed that a DNA sequencing
method to detect p53 gene mutations in bladder
cancer was consistent with an immunohistochemical
method to detect p53 alterations. p53 and PCDH17
were independently associated with urinary bladder
cancer outcomes, while Beclin-1 only had a tendency
towards overall survival. p53 high-expression plus
PCDH17 and Beclin-1 low-expression were the most
significantly in connection with a poor prognosis. The
association of the p53/ PCDH17 phenotype with
bladder cancer outcome was stronger than
p53/Beclin-1 and PCDH17/Beclin-1 phenotype. In
our study, we identified that altered expression of
p53, PCDH17, and Beclin-1 is associated with bladder
cancer survival after adjusting for the effects of
pathologic stage, aggressive types. This is the first
study, to our knowledge, to refer to the different
mechanisms, including autophagy and methylation,
in UBC patients who underwent surgery and had
long-term follow-up. In short, p53 is the strongest
predictor of urinary bladder cancer in patients
undergoing surgery. p53/PCDH17 phenotype seems
to play a more important role than p53 expression in
bladder cancer outcome in patients undergoing
surgery. It is also identified that p53/PCDH17,
p53/Beclin-1 or PCDH17/Beclin-1 all has a
cooperative and synergistic effect, which can stratify
patients into two risk groups. The role of these three
markers seems to be complex alterations of genetics
and epigenetics. Moreover, the concrete pathways
remain to be elucidated.

Conclusions

Our study indicated that p53/PCDH17/Beclin-1
proteins were determined as part of an effort to
predict urinary bladder cancer progression and
prognosis. These findings should be estimated in
larger, multicenter, prospective trials and considered
as stratification variables involving urinary bladder
cancer patients in clinical trials.

Abbreviations

UBC:  urinary bladder cancer; MIBC:
muscle-invasive bladder cancer; NMIBC:
non-muscle-invasive bladder cancer; ISUP:

International Society of Urological Pathology; BLCA:

http://lwww.jcancer.org



Journal of Cancer 2019, Vol. 10

6215

bladder cancer; p53: protein 53; p21: protein 21; pRB:
RB transcriptional corepressor; PI3K:
phosphatidylinositol 3 kinase; TP53: tumor protein
p53; PTEN: phosphatase and tensin homologue
deleted on chromosome 10; PCDHs: protocadherins;
PCDH17: protocadherin 17; FFPE: paraffin-embedded
tumors; AJCC: American Joint Committee on Cancer;
IHC: immunohistochemistry; PCR: polymerase chain
reaction; ATG: autophagy related gene; AMPKa:
adenosine monophosphate activated protein kinase o;
PTEN/PI3K/AKT/mTOR: phosphatase and tensin
homologue  deleted on  chromosome 10/
phosphatidylinositol 3 kinase/ protein kinase B/
mammalian target of rapamycin;, ATG14L-VPS34:
autophagy related protein 14L- vacuolar protein
sorting.

Acknowledgements

This research was supported by grants from
National Natural Science Foundation of China (grant
No. 81672932, 81730108, 81874380 and 81973635),
Zhejiang Provincial Natural Science Foundation of
China for Distinguished Young Scholars (grant No.
LR18H160001), Zhejiang province science and
technology project of TCM (grant No. 20192Z016),
Zhejiang province medical science and technology
project (grant No. 2017RC007), Talent Project of
Zhejiang Association for Science and Technology
(grant No. 2017YCGC002), Key Project of Hangzhou
Ministry of Science and Technology (grant No.
20162013A07), Zhejiang Provincial Project for the key
discipline of traditional Chinese Medicine (grant No.
2017-XK-A09), the Open Project Program of Jiangsu
Key Laboratory for Pharmacology and Safety
Evaluation of Chinese Materia Medica (No.
JKLPSE201807) and the Project of the Priority
Academic Program Development of Jiangsu Higher
Education Institutions (PAPD).

Ethical approval

The ethical process was not required for our
study in China because our research is a retrospective
analysis from paraffin sections but not a perspective
study.

Competing Interests

The authors have declared that no competing
interest exists.

References

1. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA Cancer ] Clin.
2018; 68: 7-30.

2. Burger M, Catto JW, Dalbagni G, Grossman HB, Herr H, Karakiewicz P,
et al. Epidemiology and risk factors of urothelial bladder cancer. Eur
Urol. 2013; 63: 234-41.

3. Mak RH, Hunt D, Shipley WU, Efstathiou JA, Tester W], Hagan MP, et
al. Long-term outcomes in patients with muscle-invasive bladder cancer

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

after selective bladder-preserving combined-modality therapy: a pooled
analysis of Radiation Therapy Oncology Group protocols 8802, 8903,
9506, 9706, 9906, and 0233. ] Clin Oncol. 2014; 32: 3801-9.

Woldu SL, Bagrodia A, Lotan Y. Guideline of guidelines:
non-muscle-invasive bladder cancer. BJU Int. 2017; 119: 371-80.

Amin MB, Smith SC, Reuter VE, Epstein JI, Grignon DJ, Hansel DE, et al.
Update for the practicing pathologist: The International Consultation On
Urologic Disease-European association of urology consultation on
bladder cancer. Mod Pathol. 2015; 28: 612-30.

Mitra AP. Molecular substratification of bladder cancer: moving towards
individualized patient management. Ther Adv Urol. 2016; 8: 215-33.
Frantzi M, Latosinska A, Fluhe L, Hupe MC, Critselis E, Kramer MW, et
al. Developing proteomic biomarkers for bladder cancer: towards
clinical application. Nat Rev Urol. 2015; 12: 317-30.

Czerniak B, Dinney C, McConkey D. Origins of Bladder Cancer. Annu
Rev Pathol. 2016; 11: 149-74.

Cancer Genome Atlas Research N. Comprehensive molecular
characterization of urothelial bladder carcinoma. Nature. 2014; 507:
315-22.

Puzio-Kuter AM, Castillo-Martin M, Kinkade CW, Wang X, Shen TH,
Matos T, et al. Inactivation of p53 and Pten promotes invasive bladder
cancer. Genes Dev. 2009; 23: 675-80.

Daizumoto K, Yoshimaru T, Matsushita Y, Fukawa T, Uehara H, Ono M,
et al. A DDX31/Mutant-p53/EGFR Axis Promotes Multistep
Progression of Muscle-Invasive Bladder Cancer. Cancer Res. 2018; 78:
2233-47.

Qamar S, Inam QA, Ashraf S, Khan MS, Khokhar MA, Awan N.
Prognostic Value of p53 Expression Intensity in Urothelial Cancers. J Coll
Physicians Surg Pak. 2017; 27: 232-6.

Lin YC, Lin JF, Wen SI, Yang SC, Tsai TF, Chen HE, et al. Inhibition of
High Basal Level of Autophagy Induces Apoptosis in Human Bladder
Cancer Cells. ] Urol. 2016; 195: 1126-35.

Liu GH, Zhong Q, Ye YL, Wang HB, Hu L], Qin ZK, et al. Expression of
beclin 1 in bladder cancer and its clinical significance. Int ] Biol Markers.
2013; 28: 56-62.

Han H, Wolff EM, Liang G. Epigenetic alterations in bladder cancer and
their potential clinical implications. Adv Urol. 2012; 2012: 546917.
Hoffman AM, Cairns P. Epigenetics of kidney cancer and bladder cancer.
Epigenomics. 2011; 3: 19-34.

Andres G, Ashour N, Sanchez-Chapado M, Ropero S, Angulo JC. The
study of DNA methylation in urological cancer: present and future.
Actas Urol Esp. 2013; 37: 368-75.

Costa VL, Henrique R, Danielsen SA, Eknaes M, Patricio P, Morais A, et
al. TCF21 and PCDH17 methylation: An innovative panel of biomarkers
for a simultaneous detection of urological cancers. Epigenetics. 2011; 6:
1120-30.

Wang XB, Lin YL, Li ZG, Ma JH, Li J, Ma JG. Protocadherin 17 promoter
methylation in tumour tissue from patients with bladder transitional cell
carcinoma. ] Int Med Res. 2014; 42: 292-9.

Tripathi R, Ash D, Shaha C. Beclin-1-p53 interaction is crucial for cell fate
determination in embryonal carcinoma cells. J Cell Mol Med. 2014; 18:
2275-86.

Wang N, Zhang Q, Luo L, Ning B, Fang Y. beta-asarone inhibited cell
growth and promoted autophagy via P53/Bcl-2/Bclin-1 and
P53/ AMPK/mTOR pathways in Human Glioma U251 cells. J Cell
Physiol. 2018; 233: 2434-43.

Cordani M, Oppici E, Dando I, Butturini E, Dalla Pozza E, Nadal-Serrano
M, et al. Mutant p53 proteins counteract autophagic mechanism
sensitizing cancer cells to mTOR inhibition. Mol Oncol. 2016; 10: 1008-29.
Shariat SF, Ashfaq R, Sagalowsky Al, Lotan Y. Predictive value of cell
cycle biomarkers in nonmuscle invasive bladder transitional cell
carcinoma. J Urol. 2007; 177: 481-7; discussion 7.

Ando K, Oki E, Saeki H, Yan Z, Tsuda Y, Hidaka G, et al. Discrimination
of p53 immunohistochemistry-positive tumors by its staining pattern in
gastric cancer. Cancer Med. 2015; 4: 75-83.

Ciccarese C, Massari F, Blanca A, Tortora G, Montironi R, Cheng L, et al.
Tp53 and its potential therapeutic role as a target in bladder cancer.
Expert Opin Ther Targets. 2017; 21: 401-14.

Murnyak B, Hortobagyi T. Immunohistochemical correlates of TP53
somatic mutations in cancer. Oncotarget. 2016; 7: 64910-20.

Nenutil R, Smardova J, Pavlova S, Hanzelkova Z, Muller P, Fabian P, et
al. Discriminating functional and non-functional p53 in human tumours
by p53 and MDM2 immunohistochemistry. ] Pathol. 2005; 207: 251-9.
Choudhury S, Kolukula VK, Preet A, Albanese C, Avantaggiati ML.
Dissecting the pathways that destabilize mutant p53: the proteasome or
autophagy? Cell Cycle. 2013; 12: 1022-9.

Zhou G, Wang J, Zhao M, Xie TX, Tanaka N, Sano D, et al
Gain-of-function mutant p53 promotes cell growth and cancer cell
metabolism via inhibition of AMPK activation. Mol Cell. 2014; 54: 960-74.

http://lwww.jcancer.org



Journal of Cancer 2019, Vol. 10

6216

30.

31.

32.

33.

Russell RC, Tian Y, Yuan H, Park HW, Chang YY, Kim J, et al. ULK1
induces autophagy by phosphorylating Beclin-1 and activating VPS34
lipid kinase. Nat Cell Biol. 2013; 15: 741-50.

Baspinar S, Bircan S, Yavuz G, Kapucuoglu N. Beclin 1 and bcl-2
expressions in bladder urothelial tumors and their association with
clinicopathological parameters. Pathol Res Pract. 2013; 209: 418-23.
Morishita H, Yagi T. Protocadherin family: diversity, structure, and
function. Curr Opin Cell Biol. 2007; 19: 584-92.

Yin X, Xiang T, Mu J, Mao H, Li L, Huang X, et al. Protocadherin 17
functions as a tumor suppressor suppressing Wnt/beta-catenin
signaling and cell metastasis and is frequently methylated in breast
cancer. Oncotarget. 2016; 7: 51720-32.

http://lwww.jcancer.org



