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Introduction

Bladder cancer is the ninth common cancer worldwide 
and it accounts for 3% of the global cancer incidence (1). 
More than 90% of the diagnosed cases are transitional 
cell carcinomas (TCC) and 75% are superficial tumors. 
Although it is easy to excise these superficial tumors by 
surgery, 50-70% will be recurrent in the next five years and 
15-25% of the recurrent tumors progress into higher grades 
and stages (2). Currently the gold standard for detecting 
bladder cancer is cystoscopy and cytology. Cystoscopy 

is highly sensitive and specific for the detection and 
surveillance of bladder cancer after therapy. However, it is 
invasive and expensive so that there is low prevalence in the 
general patients. Cytology as an adjuvant to cyctoscopy is 
highly specific to detect progressed diseases, but it is lack of 
sensitivity for low-grade tumors (3,4).

Bladder cancer is easy to relapse and it is necessary for 
long-term follow-up. Because of the low sensitivity of 
cytology and invasiveness of urethra cystoscopy, it is urgent 
for a detection method which has the characterization 
of convenience, cheap and no pain. With the progress of 
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kit to detect the urine of bladder cancer patients. This study aimed to develop a Survivin ELISA and validate 
its value in the detection of bladder cancer.
Methods: Through square matrix titration, different combinations of coating antibody and detecting 
antibody, a Survivin ELISA was constructed. This assay was evaluated according to intra-assay precision, 
inter-assay precision and minimum detectable dose (MDD). Survivin levels were detected and analyzed in 
102 bladder cancer patients and 102 healthy people by established ELISA. Then cutoff value was defined 
according to the analysis of receiver operating characteristic (ROC) curve. The sensitivity and specificity 
of detection were calculated on the basis of cutoff value to diagnose bladder cancer patients. Furthermore, 
the value of Survivin expression detected by ELISA among different clinicopathological characteristics of 
patients was also compared.
Results: Through optimization of different conditions, intra-assay precision was 8.39%, inter-assay 
precision 8.57% and MDD 0.0625 ng/mL in this assay. When the optical density at 450 nm (OD450) was 0.09, 
it could get the optimized diagnostic cutoff value. According to this value, the sensitivity and specificity of 
diagnosis in bladder cancer patients were 70.6% and 89.2%, respectively. The associations between patients’ 
clinical variables and OD450 were not significant except tumor numbers in patients.
Conclusions: This experiment has preliminarily developed a Survivin ELISA and confirmed Survivin as a 
biomarker which owned a practical and significant value in the diagnosis of bladder cancer.
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cancer research in the field of molecular biology, some 
tumor markers have shown high sensitivity to detect 
primary tumor and others can detect recurrence with 
reasonable sensitivity in bladder cancer (5).

Recently there were some reports about Survivin as an 
excellent tumor marker in the diagnosis of bladder cancer (6,7). 
But it has not been completely testified. The Clinical 
Laboratory of Beijing Cancer hospital had prepared the 
monoclonal antibody (McAb) and polyclonal antibody 
(PcAb) of Survivin in precious experiments. Here, we report 
the development of a Survivin sandwich enzyme-linked 
immunosorbent assay (ELISA) and its application for the 
quantitative detection in the urine of bladder cancer.

Materials and methods

ELISA reagents

Recombinant human sequence Survivin protein was 
produced by our laboratory. McAb-C8 and McAb-D10 
were raised by immunizing BALB/c mice with recombined 
protein and purified by Protein G immuno-affinity 
chromatography. PcAbs against Survivin were gotten by 
immunizing New Zealand White (NZW) rabbits and 
then purified by Protein A affinity chromatography (8).  
Goat anti-rabbit IgG-horseradish peroxidase (IgG-
H R P )  a s  s e c o n d  a n t i b o d y  w a s  p u r c h a s e d  f r o m 
P r o t e i n t e c h  C o m p a n y.  3 , 3 ' , 5 , 5 ' - Te t r a m e t h y l 
benzidine (TMB) was obtained from Ameresco and  
96-well immunoassay plates from Axygen biotehcnology 
company. Skimmed milk powder (SMP) was bought from 
Yili industrial group. Other reagents comprise: 0.05 mol/L  
carbonate bicarbonate buffer (CBB), pH 9.6 (15 mmol/L  
Na2CO3, 30 mmol/L NaHCO3); 10 mmol/L phosphate 
buffer (PBS), pH 7.4 (137 mmol/L NaCl, 2.7 mmol/L KCl, 
10 mmol/L Na2HPO4, 2 mmol/L KH2PO4); 10 mmol/L  
PBST (PBS with 0.05% Tween-20); 5% PBS-SMP (PBS 
with 5% SMP); chromogenic substrate solution containing 
TMB, hydrogen peroxide and buffer (25 mmol/L citric acid 
and 50 mmol/L disodium hydrogen phosphate, pH 5.0).

Clinical materials

All studies were approved by the Institutional Review Boards 
for the Protection of Human Subjects and informed consent 
was obtained from each participant. A total of 102 bladder  
cancer patients, including 78 males and 24 females with a 
mean age of 62.5 years (range from 31 to 90 years), were 
admitted to Beijing Cancer Hospital from Mar 2009 to 

October 2010. They were testified by pathology and there 
were no any low urinary tract operation before samples 
collection. The controls were 102 people who came from 
physical examination population in Beijing cancer Hospital 
from Jun 2009 to July 2009, including 64 males and 38 females 
with mean age of 54.3 years (range from 39 to 75 years).

Samples collection

When the patients and healthy people underwent routine urine 
test in Beijing Cancer Hospital, 10 mL medistream urine of 
subjects was collected at the day and centrifuged at 3,000 r/min  
for 5 min. The supernatant was acquired and aliquotted, then 
the samples were frozen at –20 °C until detection.

Procedure of sandwich ELISA

Recombinant MS-Survivin protein as standard substance 
was utilized to explore diverse conditions in the reaction 
of Survivin ELISA. Different combinations of McAb and 
PcAb as coating antibody or detecting antibody were 
tried. It was also optimized by using different reaction 
time, incubation temperature and various antibodies’ 
concentration. This ELISA was evaluated according to 
assay sensitivity, intra-assay precision, inter-assay precision 
and minimum detectable dose (MDD) before Survivin 
levels were detected in urine samples of subjects. Schematic 
diagram of the sandwich ELISA is shown as Figure 1.  
The specific process was as follows: (I) 96-well microplates 
were coated with PcAb or McAb as capturing antibody at  
4 ℃ for 16 h or 37 ℃ for 2 h, and their concentration 
ranged from 1 to 5 μg/mL in the buffer of CBB; (II) after 
washing with PBST three times, the plates were blocked 
by 100 μL 5% PBS-SMP at 37 ℃ for 60 min; (III) add 
100 μL MS-Survivin protein or samples diluted in PBS 
after washing again and incubate at 37 ℃ for 90 min; 
(IV) repeatedly wash, add 100 μL detecting antibody 
with different concentrations of McAb or PcAb to the 
wells and incubate at 37 ℃ for 90 min; (V) add 100 μL  
IgG-HRP that was diluted into 5% PBS-DMP with the 
concentration of 1/2,000-1/4,000 and incubate at 37 ℃ for  
90 min; (VI) after washing five times, add 100 μL 
of chromogenic substrate and incubate at 37 ℃ for 
10 min, and then it was stopped by adding 12.5% 
H 2SO 4 ( 50  mL/we l l ) ;  and  (VII )  the  absorbance 
w a s  m e a s u r e d  u s i n g  a  m i c r o p l a t e  r e a d e r  a t  
450 nm (Model  680 Microplate Reader,  Bio-Rad 
Laboratories) and the data were recorded.
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Statistical analysis

Statistical analysis was carried out by the SPSS for windows 
release 16.0 package program (SPSS Inc., Chicago, IL, 
USA). The optical density at 450 nm (OD450) of patients 
and healthy people was compared by Student’s t-test 
and assessed using the area under a receiver operating 
characteristic (AUROC) curve. Cutoff value was determined 
by the optimal Youden’s index (sensitivity + specificity -1). 
According to this value, the following calculations will be 
made: sensitivity and specificity. The mean expression level 
with different clinical parameters was also calculated among 
bladder cancer patients and a t-test was performed. P<0.05 
was considered statistically significant.

Results

Selection of capturing antibody and detecting antibody

Proper combination of McAb-C8, McAb-D10 and PcAb 

was conducted. The result showed that McAb-D10 as 
coating antibody and PcAb as detecting antibody could get 
MDD, which reached 0.0625 ng/mL in the determination 
of standard protein. However, it was only 0.25 ng/mL in 
turn. While McAb-C8 was chosen as coating antibody and 
PcAb as detecting antibody, the MDD was 0.12 ng/mL. So 
it could find that choosing McAb-D10 to coat was better 
than others.

Selection of coating temperature

The coating conditions of 4 ℃ for 16 h or 37 ℃ for 2 h were 
compared. The former MDD was 0.0625 ng/mL, while the 
latter was 0.125 ng/mL. Therefore, the temperature of 4 ℃ 
for coating was better than 37 ℃.

Square matrix titration of detecting antibody and IgG-HRP

First of all, 2.5 μg/mL McAb-D10 as capturing antibody 

Figure 1 Schematic diagram of the sandwich ELISA for detecting Survivin
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was fixed and 1 ng/mL Survivin protein was added as 
standard substance. Meanwhile, PBS was chosen as the 
control at every assay. Subsequently detecting antibody 
whose concentration was 5, 2.5 and 1.25 μg/mL respectively 
were selected; and IgG-HRP may be diluted into 1/2,000, 
1/3,000 and 1/4,000. At last, according to the highest 
absorbance of specimen and the negative control value of 
not more than 0.1, we could choose the best combination 
of them. Specific values of OD450 are shown in Table 1. The 
optimized result was that the dilution of IgG-HRP was 
1/3,000 and the concentration of detecting antibody was  
2.5 μg/mL could get the highest OD value.

Assay precision and reproducibility

It could be found that the MDD of standard protein is 
0.0625 ng/mL from Figure 2. Through replicate assays in  
28 well with 1 ng/mL Survivin protein as standard 
substance, it showed the mean and standard deviation of 
values were 0.564 and 0.0473, respectively. Therefore the 
intra-assay CV was 8.39%. Through detecting the same 
concentration of Survivin protein in ten times, it could get 
that inter-assay CV was 8.57%.

Establishment of standard curve

Under the optimized condition we started to detect standard 
protein, which was serially diluted into 2, 1, 0.5, 0.25, 0.125, 
0.0625 and 0 ng/mL. Followed the process mentioned above 
and established standard curve (Figure 2), the equation of 
regression was y=–0.0666 x2+0.5522 x +0.1063, R2=0.9958.

Survivin levels in the urine of patients and healthy people

ROC based on the detection of 102 bladder cancer patients 
and 102 healthy people is shown in Figure 3. The cutoff value 
was determined by optimal Youden’s index through analyzing 
the Survivin ROC among patients and healthy people. When 
OD450 was 0.09, it can get that sensitivity, specificity and 

Table 1 Square matrix titration of detecting antibody and IgG-HRP

Concentration of detecting antibody

Dilution of IgG-HRP

1/2,000 1/3,000 1/4,000

Protein PBS Protein PBS Protein PBS

5 μg/mL 0.907 0.146 0.726 0.104 0.600 0.102

2.5 μg/mL 0.721 0.132 0.562 0.092 0.430 0.086

1.25 μg/mL 0.595 0.123 0.389 0.087 0.336 0.082

Figure 2 Standard curve of Survivin ELISA. The type of curve in 
Survivin ELISA is binomial

Figure 3 ROC curve. Survivin concentrations of urine samples 
were detected among healthy individuals and bladder cancer 
patients. Then ROC was analyzed. Area under the curve is 0.849
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Youden’s index were 70.6%, 89.2% and 0.598 respectively.  
The scatter plot of absorbance in the detection of samples 
of 102 bladder cancer patients and 102 healthy people is 
shown in Figure 4 (P<0.0001). Furthermore, the expressions 
of urine Survivin in bladder cancer patients with various 
clinical parameters were analyzed, as shown in Table 2.  
The associations between those clinicopathological 
characteristics and OD450 were not significant except tumor 
number, the P value of which was 0.001.

Discussion

Survivin is a member of the inhibitor of apoptosis proteins 
(IAP) family of molecules, a group of proteins involved 
inhibition of caspases 3, 7 and 9 (9). It is expressed during 
human fetal development, but is not detectable in normal 
adult tissues, except for the thymus and placenta. It expressed 
in most malignant cells, including lymphomas (10),  
gastric (11), lung (12), bladder cancers (7), pancreatic (13), 
breast (14) and prostatic cancer (15).

The reasons of Survivin as a significant marker in 
malignancy is based on its ability to inhibit apoptosis, 
promote proliferation and enhance angiogenesis (16,17). 
And it is likely to be involved in tumor development and 
progression. Therefore, its increased expression would be 
expected to predict aggressive diseases (18,19). It indicates 
that the detection of Survivin could be a tumor marker to 
diagnose and/or prognose cancers.

Currently there are several methods to detect Survivin 
including reverse transcription-polymerase chain reaction 
(RT-PCR), real time-PCR, immunohistochemistry (IHC) 
and ELISA (6,20,21). RT-PCR and real time-PCR have 
relatively high sensitivity. However, those are time-
consuming and costly. IHC is regarded as gold standard in 
diagnosis of cancers, but there is an apparent drawback that 
is not easy to get tissue specimens. ELISA was introduced 

Figure 4 Expression of Survivin in healthy people and bladder 
cancer patients. OD450 of the urine of 102 bladder cancer patients 
and 102 healthy people were detected

Table 2 Clinicopathological characteristics of bladder cancer and 
the value of Survivin expression detected by ELISA

Clinicopathological 

characteristics
n OD450 (x±s) P

Age (year)

>62 52 0.180±0.130 0.234

<62 50 0.192±0.160

Sex

Male 78 0.195±0.146 0.456

Female 24 0.156±0.139

Smoking

Yes 40 0.198±0.154 0.601

No 54 0.172±0.134

Histological grade

3&2 61 0.171±0.134 0.064

1 22 0.195±0.185

Lymph node metastasis

Yes 13 0.201±0.123 0.912

No 81 0.180±0.148

Tumor size (cm)

>3 37 0.194±0.168 0.080

<3 46 0.161±0.161

UICC stage

III&IV 17 0.194±0.114 0.542

I&II 74 0.180±0.152

Tumor number

Single 62 0.201±0.156 0.001*

Multiple 32 0.143±0.176

Metastasis

M0 84 0.181±0.146 0.958

M1 9 0.207±0.132

The clinical data of some patients were missing, so the total 

numbers were less than 102; *, the correlations between 

patients’ characteristics and OD450 were not significant 

except tumor number

H B
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in the 1970s (22). In the typical double antibody sandwich 
ELISA, antibody attached to the bottom of a well provides 
both antigen capture and immune specificity, while another 
antibody linked to an enzyme provides detection and 
an amplification factor. This approach enables accurate 
and sensitive detection of the antigen. Because of these 
desirable features, ELISA has been considered the standard 
method of cytokine measurement and is widely utilized in 
clinical laboratories and biomedical research. And ELISA 
kits easy for commercial availability are also common to 
measure tumor markers in body fluids such as serum, urine, 
hydrothorax, etc. (23).

Utilizing the previously prepared protein and antibody in 
our laboratory, we developed a Survivin ELISA. Through 
optimization of different conditions, intra-assay precision is 8.39%, 
inter-assay precision is 8.57% and MDD is 0.0625 ng/mL.  
The level of Survivin in bladder cancer patients is 
apparently higher than healthy people. When OD450 is 
0.09, it can get the optimized cutoff and the sensitivity 
and specificity were 70.6% and 89.2% respectively. These 
data are similar to others reports (3,21). So these results 
confirmed that Survivin has good value in the diagnosis of 
bladder cancer. However, urine Survivin may not be a good 
marker for bladder cancer prognosis from the correlation 
analysis of clinicopathological characteristics and OD450 
detected by Survivin ELISA. More samples and further 
follow-up are still needed to explore its prognosis value. 
In summary, our experiment supplied a base to develop a 
commercial usage of Survivin ELISA for detecting bladder 
cancer in the next years.
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