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ssociation Between
urvivin Gene Promoter
31 C/G Polymorphism and Urothelial
arcinoma Risk in Taiwanese Population

uan-Hung Wang, Hung-Yi Chiou, Chang-Te Lin, Hsiao-Yen Hsieh, Chia-Chang Wu,
heng-Da Hsu, and Cheng-Huang Shen

BJECTIVES To investigate the association between survivin gene promoter �31 C/G polymorphism and
urothelial carcinoma (UC) risk in a Taiwanese population.

ETHODS A total of 190 patients with pathologically confirmed UC and 210 unrelated controls without
cancer were recruited at Chiayi Christian Hospital from August 2002 to May 2007. The �31
C/G polymorphism in the survivin gene promoter was determined using polymerase chain
reaction-restriction fragment length polymorphism analysis.

ESULTS Compared with study subjects carrying the G/G genotype, significantly increased UC risks were
found for individuals carrying the C/G genotype (odds ratio 2.8; 95% confidence interval [CI]
1.7-4.6) and those with the C/C genotype (odds ratio 4.0; 95% CI 2.3-7.2). Those carrying the
C/C or C/G genotype had a significantly increased UC risk of 3.2 (95% CI 1.9-5.2) compared
with those with the G/G genotype. Among heavy smokers (�30 pack-years), we found a
significantly increased UC risk of 3.8 (95% CI 1.3-11.3) for individuals with the C/C or C/G
genotype compared with those with the G/G genotype. Furthermore, patients with UC carrying
the C/C genotype had a significantly greater prevalence of muscle-invasive (Stage T2-T4),
high-grade (G3), or invasive, high-grade tumor compared with those carrying the G/G genotype.

ONCLUSIONS These findings suggest that the �31 C/G polymorphism of the survivin gene promoter is
associated with both the clinical tumor stage and the pathologic tumor grade and might be involved

in the development of UC. UROLOGY 73: 670–674, 2009. © 2009 Published by Elsevier Inc.

i
p

c
l
a
a
C
a
c
t

i
l
t
p
f
f
i
I
p

poptosis, also known as programmed cell death,
is an important mechanism to control cell
growth and division. Defects in apoptosis are

nvolved in carcinogenesis through prolonging cell sur-
ival, promoting accumulation of transforming mutations,
nd enhancing resistance to therapy.1 Survivin is a novel
ember of the inhibitor of apoptosis protein family and

ossesses antiapoptosis-effective pathways through direct
nd/or indirect influence on an initiator (caspase-9) and on
ffectors (caspase-3 and caspase-7).2 Survivin is abundantly
xpressed in embryonic tissues and in various human ma-
ignancies, but it is almost undetectable in normal or well-
ifferentiated adult tissues.3 Survivin is thought to play an
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mportant role in carcinogenesis and is associated with a
oor clinical outcome in various malignancies.4

Urothelial carcinoma (UC) is the second most common
ancer and the second leading cause of death among ma-
ignancies of the genitourinary tract system.5 UC usually
rises from the urothelium with transitional cell differenti-
tion, including that of the renal pelvis, ureter, and bladder.
igarettes contain several carcinogens, including polycyclic

romatic hydrocarbons, aromatic amines, and N-nitroso
ompounds, which are thought to be major risk factors for
he development of UC.6,7

Recently, increased survivin expression has been found
n various malignancies, including bladder, colorectal,
ung, and oral cancer.8-11 A preliminary study reported
hat survivin was detected in the urine samples from 46
atients with new or recurrent bladder cancer but was not
ound in 16 healthy volunteers.12 Another study also
ound that greater urine survivin was associated with an
ncreased bladder cancer risk and higher tumor grade.13

n an immunohistochemical analysis, they studied 88
atients with superficial bladder cancer and found sur-

ivin expression in tumor cells but not in normal urothe-

0090-4295/09/$34.00
doi:10.1016/j.urology.2008.09.048
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ium.14 However, the clinical application of survivin and
ts relationship to the stage and grade of UC require
dditional studies.

The gene coding for survivin is located at chromosome
7q25, and it is composed of 142 amino acids.15 A feature
f the human survivin gene promoter is the existence of
cell cycle-dependent element and a cell cycle homology

egion.3 Deletion of this promoter region results in a lack
f cell cycle-dependent expression in HeLa cells.16 Be-
ause of the important role of survivin in carcinogenesis,
e proposed that functional polymorphisms of the sur-
ivin gene promoter might modulate its gene expression
evel or enzymatic activity, thereby affecting an individ-
al’s susceptibility to UC. To test this hypothesis, we
nvestigated the association between the �31 C/G poly-
orphism in the survivin gene promoter and UC risk in
Taiwanese population.

ATERIAL AND METHODS

tudy Subjects and Clinical Data
his study recruited a total of 190 patients with UC, who had
een diagnosed at the Department of Urology, Chiayi Christian
ospital from August 2002 to May 2007. Pathologic confirma-

ion was performed by regular urologic practice, including en-
oscopic biopsy and surgical resection of urinary tract tumors.
he tumor stage and grade were determined using the 1997
NM classification and the 2004 World Health Organization
lassification system, respectively.17 The clinical stage was clas-
ified into 2 subgroups: superficial-invasive (Stage T1) and
uscle-invasive (Stage T2-T4). The pathologic grade was ini-

ially divided into 3 groups (G1, G2, and G3) and then subdi-
ided into low grade (G1-G2) and high grade (G3). A total of
10 controls without cancer, who had been frequency-matched
ith the patients with UC for age (�5 years) and sex, were

ecruited from individuals admitted to the same hospital for a
ealth checkup and who had no previous diagnosis of urologic
eoplastic disease or any other malignancy. All subjects
eceived a detailed description of this study and provided
ritten informed consent. All participants were interviewed
y a well-trained interviewer using a structured question-
aire to collect information, including basic characteristics,
igarette smoking status, and alcohol consumption. The in-
titutional review board of Chiayi Christian Hospital ap-
roved this study protocol.

olymorphism Genotyping
venous blood sample (6-8 mL) from each participant was

rawn into an ethylenediaminetetraacetic acid vial. Genomic
NA was extracted from the peripheral lymphocytes by pro-

einase K digestion and the phenol/chloroform extraction
ethod. Polymerase chain reaction-restriction fragment length

olymorphism was used to determine the �31 C/G polymor-
hism in the survivin gene promoter. Polymerase chain reaction
as performed in a final volume of 50 �L containing 50 ng
enomic DNA, 5 �L of 10� polymerase buffer (200 mM
ris-HCl, pH 8.0; 500 mM KCl), 1.5 mM MgCl2, 0.1 mM
NTPs, 20 pmol/L of forward primer (5=-GTTCTTTGAAAG-
AGTCGAG-3=) and reverse primer (5=-GCCAGTTCTT-
AATGTAGAG-3=), and 1.5 U of Taq polymerase (Invitro-
en, San Diego, CA). The polymerase chain reaction program 3

ROLOGY 73 (3), 2009
as set on a PTC-150 Minicycler (MJ Research, Watertown,
A), and the thermal cycler was started with an initial dena-

uration at 95°C for 5 minutes, followed by 35 cycles of dena-
uration at 95°C for 30 s, annealing at 58°C for 90 s, extension
t 72°C for 90 s, and completed with a final elongation step at
2°C for 5 minutes. The expected 341-bp product was then
igested by the restriction enzyme EcoO109I (New England
iolabs, Ipswich, MA) at 37°C overnight. The G allele of the
41-bp product was cleaved by the enzyme and resulted in 236-
nd 105-bp fragments; the C allele was not cleaved (Fig. 1).

tatistical Analysis
measure of lifetime smoking was estimated in terms of pack-

ears of cigarette smoking, calculated using the following for-
ula: pack-years � (cigarettes daily/20) � (smoked years).18

or alcohol consumption, “ever drinkers” were recognized as
hose who had consumed alcohol �3 d/wk for �6 months; all
thers were regarded as “never drinkers.” Student’s t test was
sed to determine whether a significant difference existed in the
ge distribution between those with UC and controls. A good-
ess-of-fit �2 test was used to test the Hardy-Weinberg equilib-
ium by comparing the observed genotype frequencies with the
xpected frequencies among the controls.19 The correlation
etween the �31 C/G polymorphism in the survivin gene
romoter and the clinical stage or pathologic grade of UC was
lso examined using the �2 test. The statistical package Statis-
ical Analysis Systems, version 9.1 (SAS Institute, Cary, NC),
as used for all analyses with 2-tailed probabilities. The differ-
nces between the compared groups were considered significant
f P � .05.

ESULTS
he distribution of the selected characteristics for those
ith UC and the controls is listed in Table 1. No signif-

cant differences were found between the patients with
C and the controls in the distribution of age, sex, or

lcohol consumption. The prevalence of heavy smokers
�30 pack-years) was significantly greater in the patients
ith UC (29.0%) than in the controls (19.5%; P �

039). Of the UC cases, 34.7% were muscle-invasive and

igure 1. Polymerase chain reaction-restriction fragment
ength polymorphism analysis to detect �31 C/G polymor-
hism of survivin promoter. Polymerase chain reaction prod-
cts (341-bp) digested with restriction enzyme EcoO109I
nd analyzed by 2% agarose gel. Lane 1, 100-bp DNA ladder
MBI Fermentas); lanes 2-5, C/G heterozygotic; lanes 6-8,
omozygotic for C allele; lanes 9 and 10, homozygotic for G
llele.
5.8% were high-grade (G3) tumors.

671



p
e
f
g
T
t
w
r
t
C

g
r
t
t
v
l
h
1
F
g

rs.

6

The observed genotype frequencies of the �31 C/G
olymorphism in the controls were in Hardy-Weinberg
quilibrium (�2 � 0.087, P � .231). The genotype
requency distribution and risk estimate of the survivin
ene promoter �31 C/G polymorphism are listed in
able 2. Compared with the study subjects carrying

he G/G genotype, significantly increased UC risks
ere found for those carrying the C/G genotype (odds

atio 2.8, 95% confidence interval [CI] 1.7-4.6) and
hose carrying the C/C genotype (odds ratio 4.0, 95%

Table 1. Distribution of selected characteristics

Variable UC (n � 19

Age (y)
�55 31 (16.3
55-69 100 (52.6
�70 59 (31.1

Mean � SD age (y) 63.8 � 8.
Sex

Female 66 (34.7
Male 124 (65.3

Cigarette smoking (pack-years)
0 103 (54.2
1-29 32 (16.8
�30 55 (29.0

Alcohol consumption
Never 166 (87.4
Ever 24 (12.6

Clinical stage
Superficial-invasive (T1) 124 (65.3
Muscle-invasive (T2-T4) 66 (34.7

Pathologic grade
1 45 (23.7
2 77 (40.5
3 68 (35.8

UC � urothelial carcinoma.
Data presented as numbers, with percentages in parentheses,

* �2 test.
† Student’s t test.

Table 2. Distribution and risk estimate of survivin gene pro
status

Survivin �31 C/G Polymorphism UC (n � 190

G/G 33 (17.4)
C/G 91 (47.9)
C/C 66 (34.7)
G/G 33 (17.4)
C/C, C/G 157 (82.6)
Cigarette smoking status†

Never smokers
G/G 20 (19.4)
C/C, C/G 83 (80.6)

Light smokers
G/G 7 (21.9)
C/C, C/G 25 (78.1)

Heavy smokers
G/G 6 (10.9)
C/C, C/G 49 (89.1)

UC � urothelial carcinoma; OR � odds ratio; CI � confidence int
Data presented as numbers, with percentages in parentheses.

* Adjusted by age, sex, and cigarette smoking status.
† Light smokers: 1-29 pack-years; heavy smokers: � 30 pack-yea
‡ Adjusted by age and sex.
I 2.3-7.2). In addition, subjects with the C/C or C/G (

72
enotype had a significantly increased UC risk (odds
atio 3.2, 95% CI 1.9-5.2) compared with those with
he G/G genotype. We also investigated the interac-
ion between the �31 C/G polymorphism of the sur-
ivin gene promoter and cigarette smoking. Among
ight smokers, those carrying the C/C or C/G genotype
ad a significantly greater risk of UC of 3.1 (95% CI
.01-9.5) compared with those with the G/G genotype.
or heavy smokers, subjects carrying the C/C or C/G
enotype had a significantly increased risk of UC of 3.8

Controls (n � 210) P Value

.145*
38 (18.1)

125 (59.5)
47 (22.4)

62.4 � 8.9 .098†

.117*
89 (42.4)

121 (57.6)
.039*

139 (66.2)
30 (14.3)
41 (19.5)

.939*
184 (87.6)
26 (12.4)

ss noted otherwise.

er �31 C/G polymorphism stratified by cigarette smoking

Controls (n � 210) OR* (95% CI)

80 (38.1) 1.0 (Referent)
86 (41.0) 2.8 (1.7-4.6)
44 (20.9) 4.0 (2.3-7.2)
80 (38.1) 1.0 (Referent)

130 (61.9) 3.2 (1.9-5.2)

52 (37.4) 1.0 (Referent)‡

87 (62.6) 2.6 (1.5-4.9)

15 (50.0) 1.0 (Referent)‡

15 (50.0) 3.1 (1.01-9.5)

13 (31.7) 1.0 (Referent)‡

28 (68.3) 3.8 (1.3-11.3)
0)

)
)
)
0

)
)

)
)
)

)
)

)
)

)
)
)

unle
mot

)

erval.
95% CI 1.3-11.3).
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The relationships between the �31 C/G polymor-
hism of the survivin gene promoter and the clinical
tage and pathologic grade are given in Table 3. The
revalence of muscle-invasive tumor was significantly
reater in patients with UC carrying the C/C genotype
48.5%) than in those carrying the G/G genotype
24.2%; P � .013). The pathologic grade was also signif-
cantly different. We found that the prevalence of high-
rade (G3) tumor was significantly greater in patients
ith UC with the C/C genotype (37.9%) than in those
ith the G/G genotype (15.2%; P � .022). After com-
ining the clinical stage and pathologic grade, we ob-
erved that patients with UC carrying the C/C genotype
ad a significantly greater prevalence of muscle-invasive,
igh-grade tumor (25.8%) compared with those carrying
he G/G genotype (3.1%).

OMMENT
ecently, many studies have shown that polymorphisms
f the survivin gene promoter may modulate the expres-
ion of survivin in various malignancies.20-23 In the
resent study, we investigated the association between
he survivin gene promoter �31 C/G polymorphism and
C risk in a Taiwanese population.
A major finding of this study was the significant asso-

iation between the survivin gene promoter �31 C/G
olymorphism and UC risk. We observed that the fre-
uency of the C/C and C/G genotypes was greater in
atients with UC (34.7% and 47.9%, respectively) than
n controls (20.9% and 41.0%, respectively). This finding
s inconsistent with the findings from a study by Jang et
l.21 regarding the �31 C/G polymorphism in the sur-
ivin gene promoter. They observed that the frequency
f the C/C and C/G genotypes was 31.6% and 44.5% in
atients with lung cancer and 25.3% and 50.3% in con-
rols, respectively. They also found that subjects with �1
31 G allele had a significantly decreased lung cancer

isk. Cheng et al.22 showed that the frequency of the C/C
nd C/G genotypes was 39.6% and 39.6% in patients

Table 3. Survivin gene promoter �31 C/G polymorphism

Variable

Surv

C/C (n � 66)

Clinical stage
Superficial-invasive (T1) 34 (51.5)
Muscle-invasive (T2-T4) 32 (48.5)

Pathologic grade
Low grade (G1-G2) 41 (62.1)
High grade (G3) 25 (37.9)

Stage and grade combination
Stage/grade
Superficial/low 26 (39.4)
Superficial/high 8 (12.1)
Invasive/low 15 (22.7)
Invasive/high 17 (25.8)

Data presented as numbers, with percentages in parentheses.
* �2 test.
ith gastric cancer and 11.9% and 41.8% in controls, g

ROLOGY 73 (3), 2009
espectively. A cervical cancer study found that the fre-
uency of the C/C and C/G genotypes was 8.0% and
6.0% in patients with cervical cancer and 14.0% and
9.0% in controls, respectively.20 More studies are
eeded to elucidate the functional effects of the �31
/G polymorphism on various malignancies.
The �31 C/G polymorphism, which is located at the

ell cycle-dependent element/cell cycle homology region
epressor binding site, is likely associated with the tran-
cription of survivin by modifying the binding domain of
he cell cycle-dependent element/cell cycle homology
egion repressor.22 The effect of this �31 C/G polymor-
hism in the survivin gene promoter was also investi-
ated using a luciferase assay, with the finding that the
31 G allele significantly decreased promoter activity

ompared with the �31 C allele in HeLa and CHO
ells.21 Xu et al.23 proposed that the �31 C/G genotype
ight increase both the mRNA and the protein levels of

urvivin.
A significantly increased UC risk was found for heavy

mokers carrying the C/C or C/G genotype compared
ith those carrying the G/G genotype in the present

tudy. More than 4700 compounds have been identified
n cigarette smoke, and nicotine is 1 of the major additive
omponents. Although nicotine is not referred to as a
arcinogen, it is usually regarded as a “tumor enhancer”
y deregulating apoptosis, angiogenesis, and cell-medi-
ted immunity.24 Dasgupta et al.25 reported that nicotine
an cause the dissociation of retinoblastoma tumor sup-
ressor protein from survivin promoter in A549 cells and
egatively affects the apoptotic potential of chemother-
peutic drugs. Thus, we speculated that subjects who had
een exposed to nicotine and carried the C/C or C/G
enotype of the survivin gene would be susceptible to UC
y way of the nicotine-enhanced antiapoptotic activity.
We also found that the survivin gene promoter �31

/G polymorphism was associated with both clinical
tage and pathologic grade. We observed that the prev-
lence of invasive, high-grade tumors was significantly

ibution stratified by clinical stage and pathologic grade

�31 C/G Polymorphism

P Value*C/G (n � 91) G/G (n � 33)

.013
65 (71.4) 25 (75.8)
26 (28.6) 8 (24.2)

.022
53 (58.2) 28 (84.8)
38 (41.8) 5 (15.2)

.005
47 (51.7) 21 (63.6)
18 (19.8) 4 (12.1)
6 (6.6) 7 (21.2)

20 (21.9) 1 (3.1)
distr

ivin
reater among patients with UC carrying the C/C geno-
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ype than in those with the G/G genotype. Previous
tudies have reported that the expression of survivin was
ignificantly increased in patients with high-grade tu-
ors.26-29 These results suggest that survivin gene pro-
oter �31 C/G polymorphism might not only result in

urvivin overexpression, but also disrupt the regulation of
poptosis. Therefore, it is reasonable to speculate that the
31 C/G polymorphism in the survivin gene promoter
ight be involved in tumor initiation, promotion, and

rogression.

ONCLUSIONS
o our knowledge, this is the first report to investigate

he association between survivin gene promoter �31 C/G
olymorphism and UC risk. We found that survivin gene
romoter �31 C/G polymorphism was significantly asso-
iated with the development of UC, especially among
eavy smokers. In addition, muscle-invasive and high-
rade tumors were more prevalent for the �31 C/C
enotype than for the �31 G/G genotype of the survivin
ene promoter. Future studies with larger sample sizes in
ifferent ethnic groups are needed to clarify the relation-
hip between survivin gene promoter �31 C/G polymor-
hism and UC.
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