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Abstract

Purpose: We investigated whether urine survivin, an inhibitor of the apoptosis protein, is
useful for diagnosing bladder tumor.

Method: We measured urine survivin levels in 40 patients with bladder tumors and 9
healthy volunteers.

Results: The average urine survivin levels in the 40 patients and 9 healthy controls were
not significantly different (3.802+8.669 and 1.127 1529, respectively (p=0.3646)). However,
significantly high urine survivin levels were observed in 3 of the 40 patients, but not in healthy
volunteers. Urine Cyfra 21-1 was not elevated (1.3 ng/ml) in one patient with a significantly
elevated urine survivin level (33.54 ng/ml), while in two patients with elevated Cyfra (320 ng/
ml and 240 ng/ml), the urine survivin level was not detectable.

Conclusion: With improvements in the sensitivity of our Elisa system for urine survivin

and combined use of urine Cyfra 21-1, it is possible that urine survivin will be a useful tumor

marker in detecting both new-onset and recurrent bladder tumors.

(J Nippon Med Sch 2004; 71: 379-383)
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Introduction

Survivin, a member of the inhibitor of the
apoptosis protein (IAP) family, has been shown to
inhibit activation of downstream effectors of
apoptosis, caspase-3 and-7, in cells exposed to
apoptotic stimuli. Survivin is expressed during
human fetal development, but is not detectable in
normal adult tissues, except for the thymus and
placenta. And survivin is expressed in most
malignant cells, including those of lymphomas’
gastric®, colonic', neuroblastomas’, lung®, bladder

cancers’, pancreatic®, breast’, and prostatic cancer".

Smith et al. reported that survivin was detected in
urine samples from all 31 patients with new or
recurrent bladder cancer but was not detected in
urine samples of 16 healthy volunteers". If this
report can be confirmed, survivin would be a
revolutionary tumor marker for bladder cancer since
the sensitivity and specifity of other tumor marker
for bladder cancer including CYFRA 21-1 which we
previously reported” and that of urine cytology
range from 44 to 74% and 60 to 99%", respectively.

In the present study, we investigated the urine
survivin levels of 40 patients with bladder tumor
and 9 healthy volunteers to determine whether

survivin is useful for the diagnosis of bladder tumor.
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Table 1 Patient characteristics.
Variables Patients (n)
Gender
Male 33 (825)
Female 7 (175)
Grade
Gl 10 (25)
G2 26 (65)
G3 4 (10)
Stage
CIS 3 (75)
pTa 14 (35)
pT1 19 (475)
= pT2 4 (10)
History
New-onset 26 (65)
Recurrence 14 (35)

Number in parentheses are percentages. CIS,
carcinoma in situ.

Patients and Methods

Population

We evaluated a total of 49 subjects. Group 1
included patients with diagnosis of new-onset (n=
26) or recurrent bladder cancer (n=14). Urine
specimens were obtained before the treatment.
Median patient age was 69 years (range 46 to 87
years). Patient characteristics are summarized in
Table 1.

Group 2 included healthy volunteers (n=9).
Median healthy volunteer age was 49 years (range
31 to 69 years).

Antiserum Preparation

Human survivin c¢DNA was obtained from
SK-N-SH by the
transcription-PCR method with a pair of primer, 5 -
NNGAATTCAATCCATGGCAGCCAGCTG-3" and
5" NNGAATTCAATGGGTGCCCCGACGTTG-3" (N

indicates any of the four nucleotides). On digestion

neuroblastoma reverse

with Eco RI, the resultant fragment was inserted
into pProEx3 GST (Life Technologies, Rockvilee, MD,
USA) and sequenced to confirm the accuracy of the
fulllength survivin c¢DNA. Overexpression and
purification of the fusion protein of survivin with

GST in Escherichia coli were performed by the
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Fig.1 Urine survivin concentrations in 40 patients
with bladder cancer and 9 healthy volunteers.
Urine Cyfra 21-1 levels examined in 25 of 40
patients were shown in the right column.

method described previouly”. Rabbits were
immunized with the purified protein in a mixture of
Freund's adjuvant at a ratio of 1:1 (Life

Technologies).

Tissue Processing and Immunohistochemistry

At the Department of Urology, Nippon Medical
School, tumor samples were collected from patients
who gave informed consent. The samples were fixed
with formalin, quickly frozen and stored at —80TC
until use. For immunostaining with anti-survivin
antiserum, 8-um frozen sections were stained using
the Ventana NexES Staining System (Ventana,
Tucson, AZ, USA) and all products without the anti-
survivin antiserum needed for subsequent steps
were supplied by the manufacture (Ventana).
Sections were cryodissected and heated with CCl
solution for 1h. After 32-min incubation at 37°C with
the anti-survivin antiserum (1:250), sections were
further incubated for another 10 min at 37C with a
secondary biotinylated antibody and then with
another 10

3-diaminobenzidine was used as the chromogen.

avidin-peroxidase  for min; 3,
Slides were counterstained in Mayer hematoxylin,

dehydrated, and mounted.

Survivin Elisa

First, 96-well immunoassay plates were coated
with 100-ul /well affinity purified anti-survivin IgG
overnight at 4C, followed by blocking step. Plates
were then incubated with 100-ul/well of test
samples and standards diluted in sample buffer (PBS
with 1% BSA and 0.05% Tween 20) for 1 h at 37C.
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Table 2 Characteristics of tumors from three

survivin levels.
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patients with significantly elevated urine

cases urine survivin level rade stage size 10, of tumor
(ng/ml) g g (mm) .

1 3354 G1=2 pTa 10 3

2 11.70 G2 pTa 30 1

3 44.46 Gl pTa 10 2

Table 3 Classification of patients with bladder cancer.

Volume <lcm® (n=20) versus =1cm? (n=17)
Grade grade 1 (n=10) versus grade 2-3 (n=27)
CIS (+) (n=5) versus (-) (n=35)
Local stage pTa (n=15) versus = pTl1 (n=22)
Number of tumor 1 (n=29) versus =2 (n=8)

CIS, carcinoma in situ.

Thirty minutes after incubation with 100-ul /well of
biotinylated anti-rabbit IgG at 37C, steptavidin-
conjugated horseradish peroxidase was added for 30
min at 37C. The peroxidase reaction was initiated
by  the  addition of  100ul / well  of
tetramethylbenzidine/H.O. and stopped after 30 min
by the addition of 05 M H.SO.. Absorbance was
measured at 450 nm.

Cyfra 21-1 in urine was also measured in 25
patients. The method of Elisa for measuring urine
Cyfra 21-1 was previously described™

Statistical analysis was performed by Student’s
t-test.

Results

Urine survivin levels in 40 patients and 9 healthy
control were 3802+ 8669 and 1.127 £ 1.529,
respectively (p=0.3646) (Fig. 1).

Urine survivin levels were significantly higher in 3
of 40 patients and the characteristics of tumors in
these three patients are shown in Fig. 1 and Table
2. The sensitivity and specificity were 42.5% and
88.9%, respectively, with the cutoff value of urine
survivin concentration at 2.5 ng/ml.

Urine survivin concentrations in relation to
tumor-related factors (tumor volume, grade, CIS,
local stage and tumor numbers) ;

Bladder cancer patients were classified as shown

in Table 3, and differences between the two groups

were investigated.

Elevation of urine survivin levels was not
associated with any factor, including grade (p=
0.4597), CIS (p=04751), stage (p=0.367), size (p=
0.2034), and multiplicity (p=0.2773) of tumor.

Urine Cyfra 21-1 level in 25 patients, in whom
both urine Cyfra 21-1 and survivin levels were
examined, was 88.636*143.183 ng/ml (Fig. 1) and
was correlated with urine survivin level (p=0.0066).

Immunohistochemical staining of surgical sections
with anti-survivin serum (Fig. 2A and B) and normal
serum (Fig. 2C and D) showed a survivin-positive

specimen of bladder cancer in the former.

Discussion

In the initial report describing urine survivin
levels in patients with bladder tumor by Smith et
al", elevated urine survivin was observed in all
patients with bladder tumor but not in all healthy
volunteers, although elevated urine survivin was
observed in 4 of 29 patients with nonneoplastic
urinary tract diseases. However, the urine survivin
level was not detectable in 19 of 40 patients with
bladder tumor in the present study, although
marked elevation of the urine survivin level was
observed in 3 patients but not in healthy volunteers.
The discrepant findings of Smith et al" and our
study are considered due to the sensivity of the

Elisa system since methods of making the antibody
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Fig. 2 Immunohistochemical staining of surgical sections staining with anti-survivin serum (A and B)
and normal serum (C and D). Original magnification, X4,000. Only A and B show a survivin-

positive specimen of bladder cancer.

and the sensitivity of the antibody shown in
transitional cell cancer cell staining are similar.
Concentration of specimen and removal of material
in urine which cause adverse effect on Elisa by
dialysis may increase sensitivity of our Elisa system.

Swana et al’. reported positive ratio of tumor
tissue survivin in immunohistochemical method was
more common in higher-grade tumors, reporting
findings of 100% and 65% in grades 3 and 1,
respectively. They also reported that patients with
CIS had considerably higher survivin scores than
patients with grade 2 bladder cancer. Smith et al'.
also reported weighted urine survivin score in
patients with CIS was considerably higher than that
in patients with grade 2 bladder cancer. However, in
our present study using urine survivin we were
unable to find such evidences among cis and
different tumor grade.

Urine Cyfra 21-1 level was correlated with the
urine survivin level (p=00066) in 25 patients in

whom both urine Cyfra 21-1 and survivin levels

were examined. However, urine Cyfra 21-1 was not
elevated (1.3 ng/ml) in one patient with a
significantly elevated urine survivin level (33.54 ng/
ml), while in two patients with significantly elevated
urine Cyfra (320 ng/ml and 240 ng/ml), urine
survivin was not detectable. In our previous study of
urine Cyfra 21-1, the level was strongly correlated
with tumor volume®, while the urine survivin level
did not correlate with tumor size in the present
study. The tumor size, grade and pathological stage
of two patients with with significantly elevated
Cyfra and negative urine survivin were 3 cm, grade
1>2, pT1 and 55 cm, grade 3>2 pT1, respectively,
while these of one patient with significantly elevated
urine survivin level and negative urine Cyfra were 1
cm, grade 1>2, pTa. These results may reflect
aforementioned correlation between tumor size and
urine Cyfra level. The sensitivity of 425% with use
of urine survivin increase to 47.5% with combination
use of urine survivin and urine Cyfra 21-1.

Swana et al” also proposed usefulness of tumor
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tissue survivin in expecting high risk for recurrence
of bladder cancer showing their data that the mean
time to first recurrence among patients with
survivin-negative grade I tumor was 36+ 16 months,
as compared with 12+ 6 months among the patients
with survivin-positive grade I tumors (P<0.001).
Concerning the recurrence of bladder cancer, we
found urine Cyfra 21-1 is useful not only in screening
for bladder cancer but in detecting the recurrence.

In conclusion, with improvements in the

sensitivity of our Elisa system for urine survivin and
combined use of urine Cyfra 21-1, it is possible that
urine survivin will be a useful tumor marker in
detecting both new-onset and recurrent bladder

tumors.
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