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ABSTRACT 

Survivin is an inhibitor of apoptosis protein and also 
plays a important role in the development of several 
malignancies. To investigate the association between 
survivin promoter –31 G/C (rs9904341) polymorphi- 
sm and bladder cancer (BC) risk. A total of 200 
pathologically confirmed BC cases and 200 unrelated 
cancer-free controls were recruited in Chiayi Chris- 
tian Hospital from August 2002 to May 2009. Poly- 
merase chain reaction-restriction fragment length 
polymorphism (PCR-RFLP) method was used to de- 
termine the –31 G/C polymorphism at survivin pro- 
moter region. There was a significant difference in 
the frequency distribution of survivin promoter –31 
G/C polymorphism in BC cases as compared to con-
trols. Among BC cases, individuals with the C/C 
genotype of survivin promoter have a significantly 
higher prevalence of invasive (T2-T4) or high-grade 
(G2-G3) tumors as compared to those who carried 
the G/G genotype. In conclusion, our findings suggest 
that the survivin promoter –31 G/C polymorphism 
was not only associated with clinical stage and patho-
logical grade but also involved in the development of 
bladder cancer.   
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1. INTRODUCTION 

Apoptosis usually involved in carcinogenesis through 
prolonging cell survival, promoting the accumulation of 
mutations and enhancing resistance to therapy [1]. Survi-  

vin is an inhibitor of apoptosis protein and possesses 
anti-apoptosis effective pathways through the influences 
on initiator (caspase-9) and effectors (caspase-3) [2]. 
Survivin is expressed in the embryonic tissues and in 
various human malignancies, but in normal, well-dif- 
ferentiated adult tissues it is almost undetectable [3]. 
Therefore, survivin is considered to play an critical role 
in carcinogenesis, and associated with poor prognosis in 
various cancers [4]. 

Bladder cancer is the second most common malig- 
nancy of the genitourinary tract and it is the eighth most 
commonly malignancy among men in Taiwan [5]. Previ- 
ous studies have reported that increased survivin expres- 
sion was associated with various cancers including blad- 
der, colorectal, lung and oral [6-10]. A previous study 
reported that survivin was detected in urine samples from 
patients with new or recurrent bladder cancer but not 
found from healthy volunteers [11]. Another study ob- 
served that higher levels of survivin in urine samples 
were associated an increased risk of bladder cancer and 
higher grade of tumor, but not with advanced stage [12]. 
Survivn could be detected by the immunohistochemical 
analysis in a high proportion of cases of urothelial 
carcinoma [13]. Another study reported that survivin 
over-expressed in tumor cells but not in normal uro- 
thelium cell [14]. However, the clinical application of 
survivin and its relation with tumor stage and grade of 
bladder cancer still require more studies. 

The gene coding for survivin is located at chromo- 
some 17q25 [15]. A feature of survivin promoter is the 
existence of a cell cycle-dependent element and a cell 
cycle homology region [3]. Deletion of this promoter 
region may lead to the lack of cell cycle-dependent 
expression in HeLa cells [16]. We proposed that poly- 
morphisms in survivin promoter region may modulate  
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gene expression or enzyme activity, thereby affecting the 
individual susceptibility to bladder cancer. Therefore, we 
conducted a case-control study to investigate the poten- 
tial effect of a survivin promoter –31 G/C (rs9904341) 
polymorphism on bladder cancer. 

2. MATERIALS AND METHODS 

2.1. Study Subjects 

The present study consisted of a total of 200 blad- 
der cancer (BC) cases, diagnosed at the Department of 
Urology of the Chiayi Christian Hospital between Au- 
gust 2002 and May 2009. Pathological confirmation of 
BC was performed by regular urological practice in- 
cluding endoscopic biopsy and surgical resection of 
urinary tract tumors. Staging and grading of tumors was 
determined by the criteria of the tumor-node-metastasis 
(TNM) staging system and the WHO International 
Society of Urological Pathology [17,18]. Clinical stage 
was classified into two subgroups, including superficial 
(≤T1) and invasive (T2-T4). Pathological grade was 
recorded as G1, G2 and G3. A total of 200 cancer-free 
controls, frequency-matched with BC cases on gender 
and age (±5 years), were recruited from those who 
admitted to the same hospitals for a health examination 
and had no urological neoplastic diseases or malignan- 
cies. All participants given a detailed description of this 
study and signed informed consents. This study was 
approved by the Ethics Committee of Chiayi Christian 
Hospital. 

2.2. Genotyping of Survivin Promoter −31 G/C 
Polymorphism 

A venous blood sample (6 ml - 8 ml) was drawn into an 
EDTA vial for each participant. Genomic DNA was 
extracted from peripheral lymphocytes by proteinase K 
digestion and phenol/chloroform method. A polymerase 
chain reaction-restriction fragment length polymorphism 
(PCR-RFLP) was used to determine survivin promoter 
–31 G/C polymorphism. PCR reaction was performed in 
a volume of 50 l containing 50 ng genomic DNA, 5 l 
of 10× polymerase buffer, 0.1 mM dNTPs, 20 pmol/l of 
forward primer (5’-GTTCTTTGAAAGCAGTCGAG-3’) 
and reverse primer  
(5’-GCCAGTT CTTGAATGTAGAG-3’), and 1.5 U of 
Taq polymerase (Invitrogen, San Diego, Ca). The PCR 
program was started with an initial denaturation at 95˚C 
for 5 min, followed by 35 cycles of denaturation at 95˚C 
for 30 s, annealing at 58˚C for 90 s, extension at 72˚C for 
90 s, and completed with a final elongation step at 72˚C 
for 10 min. The 341-bp PCR product was digested with 
the restriction enzyme EcoO109I (New England Biolabs) 
at 37˚C for overnight. The 236-bp and 105-bp fragments 

for the G allele, whereas the C allele is not digested. 

2.3. Statistical Analysis 

The X2 test was used to test Hardy-Weinberg equilibrium 
(HWE) by comparing the observed genotype frequencies 
with the expected frequencies among controls. The 
correlation between survivin promoter –31 G/C polymor- 
phism of and clinical stage or pathological grade of BC 
was examined by the X2 test. SAS version 6.12 (SAS 
Institute, Cary, NC) was used for all analyses with two- 
tailed probabilities. The differences between compared 
groups were considered to be significant if the p-values 
were less than 0.05. 

3. RESULTS 

3.1. The Distribution of Basic Characteristics  

The distribution of basic characteristics for BC cases and 
cancer-free controls was shown in Table 1. The mean 
age ± standard deviation (SD) was 63.8 ± 8.2 and 63.0 ± 
8.3 years for BC cases and controls, respectively. There 
were no significant differences in age and gender bet- 
ween the BC case and cancer-free controls. The pre- 
valence of cigarette smoking is higher in BC cases 
(51.5%) than in cancer-free controls (45.0%). Among 
BC cases, 64% were invasive (T2-T4) and 77% were 
high-grade (G2-G3) tumors. 

3.2. The Distribution of Survivin Promoter –31 
C/G Polymorphism in BC Cases and 
Controls 

The observed genotype frequencies of survivin promoter 
–31 G/C polymorphism among cancer-free controls was 
in HWE (p = 0.981). The genotype distribution of 
survivin promoter –31 G/C polymorphism was shown in 
Table 2. The prevalence of C/C and C/G genotypes of 
survivin gene was higher in BC cases than in cancer-free 
controls and a statistically significant difference in the 
genotype distribution between BC cases and cancer-free 
controls was observed (X2 = 10.6; p = 0.005).  

3.3. The Association between Survivin Promoter 
−31 C/G Polymorphism and Clinical Stage 
and Pathological Grade 

The relation between survivin promoter –31 G/C poly- 
morphism and clinical stage and pathological grade of 
BC cases was shown in Table 3. There was a significant 
association between survivin promoter –31 G/C poly- 
morphism and clinical stage of BC cases (X2 = 7.8; p = 
0.02). In addition, a significant association between the 
survivin promoter –31 G/C polymorphism and path- 
ological grade of BC cases was also found in the present 
study (X2 = 13.3; p = 0.009). 
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Table 1. Distribution of characteristics for BC cases and con- 
trols. 

BC cases Controls 
Characteristic 

n (%) n (%) 

Age (years)   

<55 38 (19.0) 24 (12.0) 

55 - 69 106 (53.0) 124 (62.0) 

70 56 (28.0) 52 (26.0) 

Gender   

Female 60 (30.0) 60 (30.0) 

Male 140 (70.0) 140 (70.0) 

Cigarette smoking   

Never 97 (48.5) 110 (55.0) 

Ever 103 (51.5) 90 (45.0) 

Clinical stage   

Superficial (T1) 128 (64.0) - 

Invasive (T2 - T4) 72 (36.0) - 

Pathological grade   

Grade 1 (G1) 46 (23.0) - 

Grade 2 (G2) 76 (38.0) - 

Grade 3 (G3) 78 (39.0) - 

 
Table 2. Distribution of Survivin –31 G/C polymorphism in BC 
cases and controls. 

BC cases Controls Survivin –31 G/C 
polymorphism n (%) n (%) 

X2 (p-value) 

C/C 66 (33.0) 59 (29.5)  

C/G 102 (51.0) 82 (41.0) 10.6 (0.005) 

G/G 32 (16.0) 59 (29.5)  

 
Table 3. Survivin –31 G/C polymorphism distribution accord- 
ing to clinical stage and pathological grade. 

Survivin –31 G/C polymorphism Clinical  
parameter C/C C/G G/G 

X2 (p-value)

Clinical stage     

Superficial (T1) 34 (51.5) 69 (67.6) 25 (78.1) 

Invasive (T2 - T4) 32 (48.5) 33 (32.4) 7 (21.9) 
7.8 (0.02)

Pathological grade     

Grade 1 (G1) 13 (19.7) 25 (24.5) 8 (25.0)  

Grade 2 (G2) 28 (42.4) 29 (28.4) 19 (59.4) 13.3 (0.009)

Grade 3 (G3) 25 (37.9) 48 (47.1) 5 (15.6)  

4. DISCUSSION 

Bladder cancer is a multi-factorial malignancy and 
several susceptible genes have been proposed to be asso- 
ciated with the development of bladder cancer. Recently, 
several studies reported that there was a close relation- 
ship between apoptosis and various malignancies [1,19, 
20]. Polymorphisms of survivin gene may modulate the 
gene expression and enzyme activity of survivin in 
various malignancies [21-25]. In the present study, we 
investigate the association between survivin promoter 
–31 G/C (rs9904341) polymorphism and bladder cancer. 

A major finding of our study was a significant associa- 
tion between survivin promoter –31 G/C polymorphism 
and bladder caner. This observation was consistent with 
previous studies regarding the –31 G/C polymorphism of 
survivin promoter. Jang et al. shown that the genotype 
frequencies for C/C and C/G were 31.6% and 44.5% in 
lung cancer patients, and 25.3% and 50.3% in controls, 
respectively [22]. They also found that subjects carrying 
at least one –31G allele have a significantly decreased 
lung cancer risk as compared with those with the –31C/C 
genotype. Cheng et al. reported that the genotype fre- 
quencies for C/C and C/G genotypes were 39.6% and 
39.6% in gastric cancer patients, and 11.9% and 41.8% 
in controls, respectively, but no different survivin expres- 
sion was found in gastric cancer tissues stratified by 
genotypes [24]. 

The effect of survivin promoter –31 G/C polymor- 
phism was tested by a luciferase reporter expression 
assay, the –31G allele significantly decreased promoter 
activity as compared with the –31C allele in Hela cells 
[22]. In contrast, Xu et al. reported that the –31 G/C 
polymorphism might enhance the survivin expression at 
both the mRNA and protein levels [25]. Therefore, more 
detailed studies should be needed to elucidate the effects 
of the –31 G/C polymorphism on survivin expression. In 
addition, survivin was identified as a candidate gene 
suppressed by the wild-type p53 [26]. Because the defi- 
ciency of the wild-type p53 is the most genetic disorders 
in carcinogenesis, it implied a pathway to account for 
overexpression of survivin in various cancers. 

In the present study, the prevalence of invasive (T2-T4) 
and high-grade (G2-G3) BC cases was higher in subjects 
carrying the C/C genotype than in those with the G/G 
genotype. Previous studies reported that the expression 
of survivin was significantly increased in patients with a 
higher tumor grade of urinary tract malignancies [27-32]. 
Swana et al. shown that bladder cancer patients with 
higher survivin expression have a shorter time to recur- 
rence [13]. These findings indicated that the promoter 
–31 G/C polymorphism may result in the overexpression 
of survivin. The deficient apoptosis pathway will lead to 
the accumulation of mutated or poor-differentiated cells 
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and accelerate tumor progression [1]. Therefore, the –31 
G/C polymorphism of survivin promoter region may 
involve in tumor initiation, promotion and progression. 

In conclusion, our findings suggest that the survivin 
promoter –31 G/C (rs9904341) polymorphism was not 
only associated with the risk of bladder cancer but also 
related with invasive and high-grade tumors. Moreover, 
genetic polymorphisms usually vary in various popula- 
tions, further studies with larger sample size are required 
to clarify the relationship between genotype and pheno- 
type in different ethnic populations. 
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