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INTRODUCTION

Bladder carcinomas are common, taking the fourth posi-
tion on the list of the most frequent cancers in men and the 
ninth position in women [1]. The common feature of urothelial 
carcinoma (UC) is an increase in the frequency of recurrence 
and mortality along with the transition of the tumor to an inva-
sive one [2]. The tumor is limited to a superficial area (stages 
Ta and CIS) or lamina propria (T1) in 70% of UC patients. 
Additionally, in more than 50% of those tumors, recurrence will 
be seen at least once, and in about 15% to 20% of cases, the his-
tological grade or invasion depth will increase. Identification of 
the key regulatory molecules discovered in the signal transduc-
tion pathways has increased our understanding of the cellular 

events, including cell survival, apoptosis, proliferation, and 
even tumor-associated processes, such as invasion and metas-
tasis [3]. Alterations in apoptosis, chiefly due to mutations, 
play an essential role in carcinogenesis, survival of neoplastic 
cells, and the increase in invasion capacity and metastasis of 
the disease [4]. Among those, survivin has a role in negative 
regulation of apoptosis or programmed cell death and func-
tions as an apoptosis inhibitor. Induction of survivin results in 
cessation of apoptosis and increase in migration and metasta-
sis [5]. Survivin has a role in cellular division and has also been 
expressed in the nucleus and in the cytosol of cells [6]. Although 
the molecular mechanisms of survivin have not been eluci-
dated, the regulation of survivin is considered to be linked to 
the p53 protein. Moreover, survivin is upregulated by β-catenin 
in relation to the Wnt signaling pathway [5-9]. β-catenin func-
tions as part of the E-cadherin/β-catenin complex and plays a 
role in cell-to-cell adhesion [10]. The Wnt/β-catenin pathways 
have been reported to regulate urothelial homeostasis and car-
cinogenesis [11] in addition to accumulating p53 in the case of 
activation [12]. Furthermore, p53 as a tumor suppressor gene 
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ABSTRACT

Survivin, β-catenin, and p53 are well-known cell-cycle and apoptosis regulators. Urothelial carcinomas (UCs) are common, taking fourth place 
in men and ninth place in women. Compared to superficial tumors (Ta, CIS, or T1), invasive UCs are important with regard to recurrence, 
progression, and mortality. We tested the utility of the survivin, β-catenin, and p53 as biomarkers for early prediction of the invasiveness of UCs 
and the overall survival of the patients. We investigated high stage UC (n=147) and non-muscle invasive UC (NMI-UC) (n=113), using tissue 
microarray and immunohistochemistry. Spearman’s correlation and multivariate Cox regression were used for statistical processing of the data. 
High expressions of β-catenin, survivin, and p53 were associated with high T stage, recurrence, progression, mortality, low recurrence-free 
survival, low progression-free survival and low overall survival (p < 0.01). Similar findings were achieved for recurrence and progression in the 
NMI-UC group, except for mortality. Moreover, a positive correlation was shown between p53 and β-catenin and between p53 and survivin 
(r=0.221, p < 0.01; r=0.236, p < 0.01, respectively). Survivin, p53, and β-catenin overexpression may have prognostic significance, indicating the 
aggressive behavior and poor prognosis of UCs. Dysregulation of those these cell-cycle and apoptosis regulators in bladder carcinoma could be 
used as a molecular marker to determine the best treatment strategy and could contribute to the development of targeted therapies.
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is localized on human chromosome 17q23 and has an essen-
tial role in the cell cycle, apoptosis, and cellular growth [13]. 
Aberrations of p53 expression due to mutations are reported 
to play a central role in oncogenesis of the urinary bladder [14], 
particularly in 40% to 60% of invasive UCs [15, 16]. Additionally, 
p53 was reported to negatively regulate survivin expression. 
Together, they play a role in regulation of the cell cycle and 
apoptosis [17].

In this study, we investigated the immunohistochemical 
expression of survivin, β-catenin, and p53 in noninvasive and 
muscle-invasive UCs. We also examined the relationship of 
their expression with selected clinical parameters in order to 
estimate their potential to predict the progression of UCs.

MATERIALS AND METHODS

Clinicopathologic data

We included 147  patients in this study. All the patients 
had had transurethral resection or radical cystectomy and 
had received a diagnosis of bladder UC. All the patholog-
ical sections were reviewed to confirm the original diag-
nosis. The study groups were staged according to the 2010 
American Joint Committee on Cancer guidelines [18] and 
graded according to the 2004 World Health Organization 
classification system for UC [19] by three expert patholo-
gists (SS, AA, SO). According to the status of muscular layer 
invasion, patients were divided into two main subgroups: 
< pT2 (non-muscular invasion UC [NMI-UC]; n=113) and 
≥ pT2 (muscular invasion [MI-UC]; n=34). Patients’ data 
were obtained, including tumor recurrence, time to recur-
rence, progression, time to progression, and actual status on 
follow-up. Patients, whose data were missing, were excluded 
form the study.

Tissue microarray construction (TMA)

Cylindrical samples of 4  mm in diameter were taken 
from the most demonstrative areas of tumor tissue in paraf-
fin blocks and compared to hematoxylin and eosin sections. 
This process was performed using manual tissue microarray 
(Quick Ray, Unitima Co. Ltd., Seoul, Korea). The resulting 
tumor tissue samples were relocked by paraffin and prepared 
for immunohistochemical evaluation.

Immunohistochemistry and scoring

Sections of 4 μm thickness were cut from 147 UC tissues. 
Dewaxed and rehydrated tissue sections were stained by using 
the streptavidin–biotin peroxidase complex method with 
specific primary antibodies. Immunohistochemical staining 
for survivin, β-catenin, and p53 was performed on step sec-
tions of TMA blocks. The slides were deparaffinized by two 

xylene rinses, followed by two rinses of 100% ethanol. Antigen 
retrieval was performed by heating the slides in a pressure 
cooker, filled with 7.5 mM sodium citrate (pH  6.0). After 
5  min of casein blocking for nonspecific binding, the tissue 
sections were incubated for 25 min with primary antibodies 
for the detection of survivin (SP79, M3790, rabbit monoclo-
nal, 1:100; Spring Bioscience, CA, USA), p53 (DO7, 453M-94, 
lot: 1320608D, 0.1 ml, mouse monoclonal, 1:200; Cell Marque, 
CA, USA), and β-catenin (224M-18, lot:1325508A, 7 ml, mouse 
monoclonal, ready to use; Cell Marque, CA, USA). This step 
was followed by detection using the Bond Polymer Refine kit 
for 25 min on the Bond Max Autostainer (Leica Biosystems, 
Newcastle upon Tyne, UK), visualization with diaminobenzi-
dine chromogen, and counterstaining with hematoxylin. For 
survivin antibody, cases were scored positive when >10% of 
the cells reacted as previously described [20]. For β-catenin 
antibody, membranous and cytoplasmic staining was scored 
by percentage of tumor-cell positivity from 0 to 100 and stain-
ing intensity from 1 to 3 (1, weak; 2, moderate; 3, strong). The 
product of the percentage of positive cells and the staining 
intensity was then divided by 3, making the reactivity score 
range from 0 to 100. The results of immunostaining were des-
ignated as negative when the reactivity score was up to 10%, 
weakly positive when it was 10% to 50%, and strongly positive if 
it was 50% to 100%. Then the score was multiplied to get a total 
score: score 1 was recorded as negative, 2 to 4 weakly positive, 
5 to 9 strongly positive [21]. Finally, for p53 antibody, nuclear 
staining was scored as p53-positive when there was moderate 
to strong nuclear immunoreactivity in more than 80% of the 
tumor cells [22].

Statistical analysis

Statistical analyses were performed using the Number 
Cruncher Statistical System (NCSS, 2007). Pearson’s chi-
square test, Fisher Yates continuity correction, and Freeman 
and Halton (Monte Carlo) tests were used to compare the 
qualitative data. Spearman’s correlation analysis was used in 
conformity assessment between immunohistochemical vari-
ables. Clinicopathologic data were evaluated using a log rank 
test and univariate and multivariate Cox regression analyses. 
p < 0.05 was considered statistically significant.

RESULTS

Patient demographics and clinicopathologic 
findings

The mean age of the 147 UC patients was 66.6 years (min 
37 years, max 98 years). Of these, 72.1% were males (n=106), 
while 27.9% (n=41) were females. Tumor stage was defined 
patohistologically according to American Joint Committee on 
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Cancer (AJCC). UC with the superficial invasion (NMI-UC) 
was diagnosed in 76.9% (n=113) of patients, while UC with 
detrussor muscle invasion (MI-UC) was observed in 23.1 
(n=34) cases. In addition, 45.6% (n=67) of cases were classified 
as low-grade carcinomas, while 54.4% (n=80) were denoted 
as high-grade carcinomas. During follow-up recurrence, pro-
gression and mortality were observed in 47.6% (n=70), 29.9% 
(n=44), and 24.5% (n=36) of patients, respectively.

IMMUNOHISTOCHEMICAL 
RESULTS

Nuclear survivin expression was observed in 44.2% (n=65) 
patients in the UC group and was positive in 37.2% (n=42) 
patients in the NMI-UC group (Figure  1a, 1b and 1c). In the 
UC group, a low expression of β-catenin was observed in 17.7% 
(n=26) of patients, whereas high β-catenin expression was 
observed in 29.3 (n=43) of patients. In the NMI-UC group, 
the low and high expressions of β-catenin were 17.7% (n=20) 
and 23.1% (n=26), respectively (Figure 1d, 1e and 1f ). Nuclear 
p53 expression was observed in 40.8% (n=60) and 33.6% 
(n=38) patients in the UC and NMI-UC groups, respectively 
(Figure 1g, 1h and 1i).

Expression of biomarkers in relation to 
clinicopathologic parameters

High β-catenin expression and positive expression of sur-
vivin and p53 were significantly associated with a high T stage 
(≥ T2; p = 0.006, p = 0.003, and p = 0.002, respectively). High 
β-catenin expressions and positive expression of p53 were sig-
nificantly associated with high tumor grade (p = 0.007 and 
p = 0.032, respectively). Univariate analyses of the NMI-UC 
group revealed a relationship between high nuclear survivin, 
p53, and β-catenin expression and recurrence and progression 
(p < 0.05, p < 0.01, and p < 0.01, respectively). Detailed results 
of survivin, p53, and β-catenin expressions along with all other 
clinicopathologic features analyzed in the study are presented 
in Table 1 and Table 2.

Prognostic value of the three biomarkers

During the follow-up period, tumor recurrence and pro-
gression were observed in 47.6% (n=70) and 29.9% (n=44) of 
patients, respectively. High nuclear survivin, p53, and cyto-
plasmic β-catenin expressions were significantly related to 
low recurrence free survival (RFS), progression free survival 
(PFS), and overall survival (OS) values in the log rank test of 

FIGURE 1. Immunohistochemical expressions of survivin (a, b, c), p53 (d, e, f ), and β-catenin (g, h, i); negative expressions (a, d, g), low/
focal positive expressions (b, e, h), and high/diffuse positive expressions (c, f, i). Insets at the bottom right represent higher magnification.
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Kaplan–Meier survey analyses (p < 0.01). In the NMI-UC 
(n=113) group, Cox regression analyses revealed that high sur-
vivin and β-catenin expressions were correlated with tumor 
recurrence (Hazard ratio (HR) 3.876 and 5.851; 95% confidence 
interval [CI] 1.273–11.804 and 1.870–18.308; p = 0.017 and 
0.002, respectively). Moreover, high β-catenin expression was 
found to be correlated to tumor progression (HR 3.104; 95% 

CI 1.092–8.823; p = 0.034). The only parameter found to be 
related to a poor survival in the NMI-UC group was a high 
grade of the tumor (HR 2.978; 95% CI 1.005–8.823; p = 0.034). 
The findings related to NMI-UC are summarized in Table 3.

Expression analysis of survivin, β-catenin, and p53 with 
respect to their prognostic utility showed that at least two of 
the markers were positive when poor prognostic factors, such 

TABLE 2. Association between biomarker expression and clinicopathological characteristics in the NMI-UC subgroup

Characteristics n
p53 (n (%))

p value
Survivin (n (%)) p value

n (%)
β-catenin (n (%)) p value

0/1+vs 2+0 1+ 0 1+ 0 1+ 2+
Gender

Male 85 56 (65.9) 29 (34.1) 1.000 51 (60.0) 34 (40.0) 0.390
18 (64.3)

49 (57.6) 16 (18.8) 20 (23.5) 1.000
Female 28 19 (67.9) 9 (32.1) 20 (71.4) 8 (28.6) 4 (14.3) 6 (21.4)

First grade
Low 64 46 (71.9) 18 (28.1) 0.225 43 (67.2) 21 (32.8) 0.274

27 (55.1)
40 (62.5) 14 (21.9) 10 (15.6) 0.057

High 49 29 (59.2) 20 (40.8) 28 (57.1) 21 (42.9) 6 (12.2) 16 (32.7)
CIS

Negative 100 66 (66.0) 34 (34.0) 1.000 65 (65.0) 35 (35.0) 0.227
6 (46.2)

61 (61.0) 20 (20.0) 19 (19.0) 0.010
Positive 13 9 (69.2) 4 (30.8) 6 (46.2) 7 (53.8) 0 (0.0) 7 (53.8)

Recurrence
Absent 63 51 (81.0) 12 (19.0) 0.001 47 (74.6) 16 (25.4) 0.007

18 (36.0)
49 (77.8) 10 (15.9) 4 (6.3) 0.001

Present 50 24 (48.0) 26 (52.0) 24 (48.0) 26 (52.0) 10 (20.0) 22 (44.0)
Progression

Absent 89 66 (74.2) 23 (25.8) 0.002 61 (68.5) 28 (31.5) 0.029
8 (33.3)

59 (66.3) 16 (18.0) 14 (15.7) 0.001
Present 24 9 (37.5) 15 (62.5) 10 (41.7) 14 (58.3) 4 (16.7) 12 (50.0)

Status
Live 98 68 (69.4) 30 (30.6) 0.150 65 (66.3) 33 (33.7) 0.093

6 (40.0)
61 (62.2) 18 (18.4) 19 (19.4) 0.042

Exitus 15 7 (46.7) 8 (53.3) 6 (40.0) 9 (60.0) 2 (13.3) 7 (46.7)
aPearson Ki-kare Test, bFisher-Freeman-Halton Test, cYates’ Continuity Correction Test, *p<0.05, **p<0.01

TABLE 1. Association between biomarker expression and clinicopathological characteristics

Characteristics
p53 (n (%))

p value
Survivin (n (%))

p value
β-catenin (n (%))

p value
- + - + - Low High

Age
< 65 years (n=62) 38 (61.3) 24 (38.7) a0.657 39 (62.9) 23 (37.1) a0.138 37 (59.7) 6 (9.7) 19 (30.6) a0.089
≥ 65 years (n=85) 49 (57.6) 36 (42.4) 43 (50.6) 42 (49.4) 41 (48.2) 20 (23.5) 24 (28.2)

Gender
Male (n=106) 65 (61.3) 41 (38.7) c0,509 57 (53.8) 49 (46.2) c0,546 55 (51.9) 20 (18.9) 31 (29.2) a0,819
Female (n=41) 22 (53.7) 19 (46.3) 25 (61.0) 16 (39.0) 23 (56.1) 6 (14.6) 12 (29.3)

First pT
Ta-T1 (n=113) 75 (66.4) 38 (33.6) c0.002** 71 (62.8) 42 (37.2) c0.003** 67 (59.3) 20 (17.7) 26 (23.0) a0.006**
T2-T4 (n=34) 12 (35.3) 22 (64.7) 11 (32.4) 23 (67.6) 11 (32.4) 6 (17.6) 17 (50.0)

First Grade
Low (n=67) 46 (68.7) 21 (31.3) a0.032* 43 (64.2) 24 (35.8) a0.061 42 (62.7) 14 (20.9) 11 (16.4) a0.007**
High (n=80) 41 (51.3) 39 (48.8) 39 (48.8) 41 (51.3) 36 (45.0) 12 (15.0) 32 (40.0)

CIS
Negative (n=128) 76 (59.4) 52 (40.6) c1.000 75 (58.6) 53 (41.4) c0.125 68 (53.1) 26 (20.3) 34 (26.6) a0.043*
Positive (n=19) 11 (57.9) 8 (42.1) 7 (36.8) 12 (63.2) 10 (52.6) 0 (0.0) 9 (47.4)

Recurrence
Absent (n=77) 59 (76.6) 18 (23.4) c0.001** 52 (67.5) 25 (32.5) a0.003** 59 (76.6) 11 (14.3) 7 (9.1) a0.001**
Present (n=70) 28 (40.0) 42 (60.0) 30 (42.9) 40 (57.1) 19 (27.1) 15 (21.4) 36 (51.4)

Progression
Absent (n=103) 74 (71.8) 29 (28.2) c0.001** 66 (64.1) 37 (35.9) c0.004** 69 (67.0) 17 (16.5) 17 (16.5) a0.001**
Present (n=44) 13 (29.5) 31 (70.5) 16 (36.4) 28 (63.6) 9 (20.5) 9 (20.5) 26 (59.1)

Status
Live (n=111) 75 (67.6) 36 (32.4) c0.001** 70 (63.1) 41 (36.9) c0.003** 69 (62.2) 18 (16.2) 24 (21.6) a0.001**
Exitus (n=36) 12 (33.3) 24 (66.7) 12 (33.3) 24 (66.7) 9 (25.0) 8 (22.2) 19 (52.8)

aPearson Ki-kare Test, bFisher-Freeman-Halton Test, cYates’ Continuity Correction Test, *p<0.05, **p<0.01
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as a high grade, recurrence, progression, and mortality, were 
observed (Table 4).

Survival univariate analysis

Kaplan–Meier and log rank tests revealed that survivin-, 
β-catenin-, and p53-expressing patients had RFS ratios of 
63.1%, 55.8%, and 60%, respectively. Mean overall survival 
was 27.01±2.73, 20.58±3.05, and 31.20±3.49  months, respec-
tively. Progression-free survival ratios for survivin, β-catenin, 
and p53 expression in patients were 63.1%, 55.8%, and 60%, 
respectively. Overall survival was 40.85±3.68, 37.86±4.45, 
and 40.56±3.65  months. Overall survival rates were 63.1%, 
55.8%, and 60%, respectively. Mean survival was 42.64±3.29, 
42.98±3.57, and 43.88±3.12 months. The differences were sta-
tistically significant compared to expression-negative patients 
(p < 0.01) (Figure 2).

Correlation between expressions of survivin, p53, 
and β-catenin

β-catenin and p53 were positively correlated (r=0.221; 
p < 0.01), and p53 and survivin were also positively correlated 
(r=0.236; p < 0.01). We did not find any correlation between 
β-catenin and survivin (r=0.046; p > 0.05).

DISCUSSION

Identifying the markers to define whether to opt for med-
ical or surgical treatment is still controversial for bladder 
carcinoma. The European Organization for Research and 
Treatment of Cancer scoring system comprises different fac-
tors, such as tumor size, tumor grade, tumor stage (pT), recur-
rence rate, and presence of carcinoma in situ, and cystectomy. 
Ongoing molecular, and immunohistochemical studies are 
aimed either to predict recurrence and progression or to invest 
in novel target therapy strategies, particularly for superficial/
noninvasive bladder carcinoma. In this study, we investigated 
the relationship between expression of survivin, β-catenin and 
p53, known for their importance in cell-cycle and apoptosis, 
and prognostic parameters in UC and NMI-UC [23].

To our knowledge, survivin, β-catenin, and p53 expres-
sions have not been extensively studied in bladder UC. In 
recent studies, nuclear survivin expression was found to be 
a negative prognostic factor for UCs [20,24], and promising 
results were reported for survivin-targeted therapies [23,25]. 
In our study, we observed a significant correlation between 
high nuclear expression of survivin and development of both 
recurrence and progression in UC and NMI-UC (p < 0.01). 

TABLE 3. Multivariate Cox regression analysis in the NMI-UC subgroup

Markers and 
Parameters

Recurrence Progression Overall survival
HR 95% CI p value HR 95% CI p value HR 95% CI p value

β-catenin
Gender 1.715 0.450-6.535 0.429 1.691 0.441-6.482 0.443 1.561 0.414-5.894 0.511
Grade 2.143 0.685-6.703 0.190 2.755 0.936-8.105 0.066 3.022 1.010-9.038 0.048
CIS 0.439 0.080-2.397 0.866 0.530 0.103-2.738 0.449 0.566 0.111-2.879 0.493
β-catenin (0/1+vs 2+) 5.851 1.870-18.308 0.002 3.104 1.092-8.823 0.034 2.107 0.730-6.080 0.168

p53
Gender 1.565 0.424-5.777 0.501 1.788 0.491-6.514 0.378 1.698 0.468-6.158 0.421
Grade 2.370 0.769-7.307 0.133 2.707 0.921-7.960 0.070 3.046 1.025-9.052 0.045
CIS 0.893 0.184-4.324 0.888 0.876 0.180-4.275 0.870 0.766 0.161-3.647 0.737

p53 2.490 0.890-6.968 0.082 1.952 0.690-5.524 0.208 1.500 0.534-4.216 0.442
Survivin 

Gender 1.492 0.409-5.439 0.544 1.761 0.489-6.345 0.387 1.765 0.486-6.410 0.388
Grade 2.467 0.820-7.426 0.108 2.879 0.986-8.407 0.053 2.978 1.005-8.823 0.049
CIS 0.466 0.092-2.366 0.357 0.537 0.113-5.557 0.435 0.690 0.148-3.212 0.636
Survivin 3.876 1.273-11.804 0.017 2.802 0.977-8.035 0.055 2.568 0.906-7.280 0.076

TABLE 4. Comparison of survivin, p53 and β-catenin expression (+/-) with high grade, recurrence, progression and mortality

Markers n
n (%)

High grade Recurrence
(+)

Progression
(+)

Mortality
(+)

β-catenin (-), p53 (-), survivin (-) 46 16 (34.8) 10 (21.7) 3 (6.5) 3 (6.5)
β-catenin (+) 11 8 (72.7) 6 (54.5) 3 (27.3) 1 (9.1)
p53 (+) 30 15 (50.0) 15 (50.0) 10 (33.3) 6 (20.0)
Survivin (+) 23 12 (52.2) 5 (21.7) 1 (4.3) 4 (17.4)
β-catenin (+), p53 (+) 10 8 (80.0) 9 (90.0) 6 (60.0) 5 (50.0)
β-catenin (+), survivin (+) 7 5 (71.4) 7 (100.0) 6 (85.7) 4 (57.1)
p53 (+), survivin (+) 5 5 (100.0) 4 (80.0) 4 (80.0) 4 (80.0)
β-catenin(+), p53 (+), survivin (+) 15 11 (73.3) 14 (93.3) 11 (73.3) 9 (60.0)
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Nuclear survivin expression was also significantly associated 
with mortality (p < 0.01), and there was a significant rela-
tionship between nuclear survivin and the advanced stage of 
tumor (p < 0.01).

On the other hand, wild-type p53 transfection was found 
to be associated with repression of the survivin promoter [24]. 
Moreover, Mirza et al. reported that overexpression of p53 
would posttranscriptionally control survivin expression [26]. 
Our study showed a positive correlation between the expres-
sion of p53 and nuclear survivin and a lack of cytoplasmic sur-
vivin expression. Furthermore, p53 overexpression is reported 
to be significantly related to recurrence, progression, and 
mortality in NMI-UC [27,28]. In contrast, Lianes et al. found 
no relationship with p53 overexpression between high-grade 
and staged bladder UC and prognostic parameters [29]. In 
our study, advanced stage (≥T2) and high-grade bladder car-
cinomas were found to be significantly correlated with p53 

overexpression (p < 0.01). There were significant associations 
between p53 overexpression and development of recur-
rence, progression, and mortality in the UC group (p < 0.01). 
Interestingly, these findings were similar in the NMI-UC 
group except for mortality (p > 0.05) (Table 1). The latter find-
ing suggests that p53 is not solely responsible for tumorigene-
sis of bladder cancer.

Molecular adhesion molecules are important compo-
nents of signal transduction pathways related to tumor devel-
opment [30]. Likewise, β-catenin as an adhesion molecule is 
also related to proliferation and invasion [31,32]. Chang et al. 
suggested that the induction of survivin-mediated resistance 
to apoptosis occurred through the loss of p53, rather than 
through the overexpression of β-catenin [33]. In our study, 
there was a significant relationship between β-catenin over-
expression and advanced stage (≥T2) and high-grade bladder 
carcinoma (p < 0.01).

FIGURE 2. Kaplan–Meier univariate survival analyses of recurrence-free survival, progression-free survival, and overall survival curves 
related to survivin, β-catenin, and p53 expressions.
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There were significant associations in both the UC and 
NMI-UC groups with β-catenin overexpression and the 
development of recurrence, progression, and mortality 
(p < 0.01). We observed a statistically significant positive 
correlation between β-catenin and p53 (r=0.221; p < 0.01). 
These findings suggest that β-catenin and p53 may work 
together in the development and progression of bladder 
carcinoma. Thus, our results suggest that alterations in 
survivin, β-catenin, and p53 behavior due to mutations 
could affect the cell cycle and apoptosis by interaction 
or collaborative pathway activation to promote bladder 
cancer recurrence, progression, and hence poor survival. 
These three could also take part in the decision-making 
process for cystectomy with transurethral resection mate-
rial of UC that does not consist of the detrussor muscle. 
The findings also support the idea that inhibition of sur-
vivin, β-catenin, and p53 interaction in urothelial cells, 
through forthcoming targeted therapy strategies, could 
prevent the development of recurrent tumor and possibly 
invasion or metastasis.

CONCLUSIONS

Our results suggest that the immunohistochemical 
expressions of survivin, β-catenin, and p53 may be associ-
ated with clinical progression and may have predictive value 
for clinical outcomes in primary NMI-UC. Although further 
studies are needed to validate our findings, we suggest that 
these three biomarkers might be useful for the determination 
of treatment strategies in patients with primary NMI-UC. 
Patients with altered expression of these biomarkers may need 
closer surveillance and may be candidates for more aggressive 
treatment.

DECLARATION OF INTERESTS

The authors declare no conflict of interests.

ACKNOWLEDGMENTS

This study was supported by the Research Fund of Istanbul 
Medeniyet University (Project Number TSA-2013-401).

REFERENCES

[1] Siegel R, Naishadham D, Jemal A. Cancer statistics, 2012. CA 
Cancer J Clin 2012;62(1):10-29. doi: 10.3322/caac.20138.

[2] Tadin T, Krpina K, Stifter S, Babarovic E, Fuckar Z, Jonjic N. Lower 
cyclooxygenase-2 expression is associated with recurrence of 
solitary non-muscle invasive bladder carcinoma. Diagn Pathol 
2012;(5)7:152. doi: 10.1186/1746-1596-7-152.

[3] Fahmy M, Mansure JJ, Brimo F, Yafi FA, Segal R, Althunayan A, 
et al. Relevance of the mammalian target of rapamycin pathway 

in the prognosis of patients with high-risk non-muscle invasive 
bladder cancer. Hum Pathol 2013;44(9):1766-1772. doi:10.1016/j.
humpath.2012.11.026.

[4] Reed JC. Dysregulation of apoptosis in cancer. J  Clin Oncol 
1999;17(9):2941-2953.

[5] Sah NK, Khan Z, Khan GJ, Bisen PS. Structural, functional and ther-
apeutic biology of survivin. Cancer Lett 2006;244(2):164-171.

[6] Kelly RJ, Lopez-Chavez A, Citrin D, Janik JE, Morris JC. Impacting 
tumor cell-fate by targeting the inhibitor of apoptosis protein sur-
vivin. Mol Cancer 2011;(6)10:35. doi: 10.1186/1476-4598-10-35.

[7] Kim PJ, Plescia J, Clevers H, Fearon ER, Altieri DC. Survivin 
and molecular pathogenesis of colorectal cancer. Lancet 
2003;362(9379):205-209. doi:10.1016/S0140-6736(03)13910-4.

[8] Olie RA, Simoes-Wust AP, Baumann B, Leech SH, Fabbro D, 
Stahel RA, et al. A  novel antisense oligonucleotide targeting sur-
vivin expression induces apoptosis and sensitizes lung cancer cells 
to chemotherapy. Cancer Res 2000;60(11):2805-2809.

[9] Kostov M, Mijovic Z, Mihailovic D, Cerovic S, Stojanovic M, 
Jelic M. Correlation of cell cycle regulatory proteins (p53 and 
p16(ink)(4)(a)) and bcl-2 oncoprotein with mitotic index and thick-
ness of primary cutaneous malignant melanoma. Bosn J Basic Med 
Sci 2010;10(4):276-281.

[10] Shih HC, Shiozawa T, Miyamoto T, Kashima H, Feng YZ, Kurai M, 
et al. Immunohistochemical expression of E-cadherin and beta-cat-
enin in the normal and malignant human endometrium: an inverse 
correlation between E-cadherin and nuclear beta-catenin expres-
sion. Anticancer Res 2004;24(6):3843-3850.

[11] Urakami S, Shiina H, Enokida H, Kawakami T, Tokizane T, Ogishima 
T, et al. Epigenetic inactivation of Wnt inhibitory factor-1 plays an 
important role in bladder cancer through aberrant canonical Wnt/
beta-catenin signaling pathway. Clin Cancer Res 2006;12(2):383-
391.doi:10.1158/1078-0432.CCR-05-1344.

[12] Damalas A, Kahan S, Shtutman M, Ben-Ze’ev A, Oren M. 
Deregulated beta-catenin induces a p53-  and ARF-dependent 
growth arrest and cooperates with Ras in transformation. Embo J 
2001;20(17):4912-4922. doi:10.1093/emboj/20.17.4912.

[13] Vousden KH, Prives C. Blinded by the Light: The Growing 
Complexity of p53. Cell 2009;137(3):413-431. doi: 10.1016/j.
cell.2009.04.037.

[14] Shariat SF, Tokunaga H, Zhou J, Kim J, Ayala GE, Benedict WF, et al. 
p53, p21, pRB, and p16 expression predict clinical outcome in cys-
tectomy with bladder cancer. J  Clin Oncol 2004;22(6):1014-1024.
doi:10.1200/JCO.2004.03.118.

[15] Lu ML, Wikman F, Orntoft TF, Charytonowicz E, Rabbani F, 
Zhang Z, et al. Impact of alterations affecting the p53 pathway in 
bladder cancer on clinical outcome, assessed by conventional and 
array-based methods. Clin Cancer Res 2002;8(1):171-179.

[16] Petitjean A, Achatz MI, Borresen-Dale AL, Hainaut P, Olivier M. 
TP53 mutations in human cancers: functional selection and impact 
on cancer prognosis and outcomes. Oncogene 2007;26(15):2157-
2165.doi:10.1038/sj.onc.1210302.

[17] Wang Z, Fukuda S, Pelus LM. Survivin regulates the p53 tumor sup-
pressor gene family. Oncogene 2004;23(49):8146-8153.doi:10.1038/
sj.onc.1207992.

[18] Edge SB, Byrd DR, Compton CC, Fritz AG, Greene FL, 
Trotti A. Urinary bladder, AJCC Cancer Staging Manual. New York: 
Springer; 2010.

[19] Eble JN, Sauter G, Epstein JI, Sesterhenn IA. World Health 
Organization Classification of Tumours: Pathology and Genetics of 
Tumours of the Urinary System and Male Genital Organs. Lyon: 
IARC Press; 2004.

[20] Kitamura H, Torigoe T, Hirohashi Y, Asanuma H, Inoue R, 
Nishida S, et al. Nuclear, but not cytoplasmic, localization of sur-
vivin as a negative prognostic factor for survival in upper urinary 
tract urothelial carcinoma. Virchows Arch 2013;462(1):101-107. doi: 
10.1007/s00428-012-1343-7.

[21] Li L, Fu X, Zhang W, Xiao L, Qiu Y, Peng Y, et al. Wnt signaling path-
way is activated in right colon serrated polyps correlating to specific 
molecular form of beta-catenin. Hum Pathol 2013;44(6):1079-1088.
doi: 10.1016/j.humpath.2012.09.013.



Serkan Senol et al.:  Survivin, β-catenin and p53 in bladder cancer

14

[22] Alvarez T, Miller E, Duska L, Oliva E. Molecular profile of grade 3 
endometrioid endometrial carcinoma: is it a type  I or type  II 
endometrial carcinoma? Am J Surg Pathol 2012;36(5):753-761. doi: 
10.1097/PAS.0b013e318247b7bb.

[23] Bongiovanni L, Mazzocchetti F, Malatesta D, Romanucci M, 
Ciccarelli A, Buracco P, et al. Immunohistochemical investigation 
of cell cycle and apoptosis regulators (survivin, beta-catenin, p53, 
caspase 3) in canine appendicular osteosarcoma. BMC Vet Res 
2012;11(8):78.doi: 10.1186/1746-6148-8-78.

[24] Yin W, Chen N, Zhang Y, Zeng H, Chen X, He Y, et al. Survivin 
nuclear labeling index: a superior biomarker in superficial urothelial 
carcinoma of human urinary bladder. Mod Pathol 2006;19(11):1487-
1497.doi:10.1038/modpathol.3800675.

[25] Waligorska-Stachura J, Jankowska A, Wasko R, Liebert W, 
Biczysko M, Czarnywojtek A, et al. Survivin--prognostic tumor bio-
marker in human neoplasms--review. Ginekol Pol 2012;83(7):537-540.

[26] Mirza A, McGuirk M, Hockenberry TN, Wu Q, Ashar H, Black S, 
et al. Human survivin is negatively regulated by wild-type p53 and 
participates in p53-dependent apoptotic pathway. Oncogene 
2002;21(17):2613-2622.doi:10.1038/sj.onc.1205353.

[27] Llopis J, Alcaraz A, Ribal MJ, Sole M, Ventura PJ, Barranco MA, et al.: 
p53 expression predicts progression and poor survival in T1 bladder 
tumours. Eur Urol 2000;37(6):644-653.doi:10.1159/000020232.

[28] Malats N, Bustos A, Nascimento CM, Fernandez F, Rivas M, 
Puente D, et al. P53 as a prognostic marker for bladder cancer: 
a meta-analysis and review. Lancet Oncol 2005;6(9):678-686.
doi:10.1016/S1470-2045(05)70315-6.

[29] Lianes P, Charytonowicz E, Cordon-Cardo C, Fradet Y, 
Grossman HB, Hemstreet GP, et al. Biomarker study of primary 
nonmetastatic versus metastatic invasive bladder cancer. National 
Cancer Institute Bladder Tumor Marker Network. Clin Cancer Res 
1998;4(5):1267-1271.

[30] MacDonald BT, Tamai K, He X. Wnt/beta-catenin signaling: com-
ponents, mechanisms, and diseases. Dev Cell 2009;17(1):9-26. doi: 
10.1016/j.devcel.2009.06.016.

[31] Mann B, Gelos M, Siedow A, Hanski ML, Gratchev A, Ilyas M, et al. 
Target genes of beta-catenin-T cell-factor/lymphoid-enhancer-fac-
tor signaling in human colorectal carcinomas. Proc Natl Acad Sci U 
S A 1999;96(4):1603-1608.doi:10.1073/pnas.96.4.1603.

[32] Resnik E. beta-Catenin--one player, two games. Nat Genet 
1997;16(1):9-11.doi:10.1038/ng0597-9.

[33] Chang E, Donahue J, Smith A, Hornick J, Rao JN, Wang JY, et al. 
Loss of p53, rather than beta-catenin overexpression, induces sur-
vivin-mediated resistance to apoptosis in an esophageal cancer cell 
line. J  Thorac Cardiovasc Surg 2010;140(1):225-232.doi: 10.1016/j.
jtcvs.2009.11.038.


