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Abstract. The clinical grades and staging methods currently 
employed for bladder cancer (BC) are inadequate for assessing 
treatment outcomes for non-muscle invasive bladder cancer 
(NMIBC). We have developed a clinically applicable quan-
titative real-time PCR (qPCR) gene signature to predict the 
progression of NMIBC. Three genes not previously described 
for BC were selected from our published progression-related 
gene classifier data set. Data were drawn from a previous 
study population and from new cases. Primary NMIBC tissue 
specimens (n=193) were analyzed by qPCR. Risk scores were 
then used to rank specimens into high- and low-risk signature 
groups based on their gene expression. The Kaplan-Meier 
method and a multivariate Cox regression model were used 
to identify the prognostic value of the three-gene signature for 
both recurrence and progression. The Kaplan-Meier estimates 

revealed significant differences in time-to-recurrence and 
progression between low- and high-risk signatures (log-rank 
test, p=0.011 and p<0.001, respectively). The multivariate Cox 
regression analysis showed that the three-gene risk signature 
is an independent predictor of bladder tumor progression 
(hazard ratio, 4.268; 95% CI, 1.542-11.814; p=0.005). In 
conclusion, our three-gene signature was found to be closely 
associated with progression among patients with NMIBC.

Introduction

Bladder cancer (BC), the incidence and mortality of which 
increases directly with age, is a heterogeneous disease that 
affects approxi mately 68,000 people in the United States 
annually (1). In Korea, BC is the second most common urolog-
ical malignancy and is about five times more common in male 
as compared to female individuals (2). Patients diagnosed 
with non-muscle invasive bladder cancers (NMIBC) may have 
indolent, albeit recurrent, disease. However, NMIBC patients 
are required to receive frequent cystourethroscopy, which 
is inconvenient for patients. Additionally, they may experi-
ence progression to muscle invasive bladder cancer (MIBC), 
which potentially has a narrow window-of-cure and requires 
aggressive treatment (3). Therefore, predicting the course of 
the disease is of great value to both patients and urologists, 
in order for adequate management of NMIBC to occur. For 
example, early radical cystectomy has a superior 5-year 
survival rate compared to bladder-sparing surgery (4). The 
development of accurate and reliable biological markers would 
be useful for assessing aggressiveness and for predicting the 
prognosis of NMIBC.

Previously, we undertook a microarray analysis of speci-
mens derived from 103 primary NMIBC patients and identified 
an eight-gene progression-related gene classifier (5). Although 
there have been numerous attempts to establish prognostic 
markers for NMIBC (3,6-8), the limited value of current 
markers means that new predictive indicators of BC outcome 
are urgently required. Due to the molecular and cellular 
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heterogeneity of most cancers, and the subsequent variability in 
biological behavior, a single pathway or gene marker, may have 
inherent limitations in terms of predicting cancer outcome.

In this study, three genes were selected to yield a signature 
not previously described for BC: the cadherin EGF LAG seven-
pass G-type receptor 3 (CELSR3), kinesin family member 1A 
(KIF1A) and coagulation factor C homolog (COCH). Using 
quantitative real-time PCR (qPCR), the up-regulated expres-
sion of the mRNA for these genes was shown to be associated 
with disease progression. The relationship between this three-
gene signature and NMIBC outcomes was investigated using 
data obtained from a previous study population and from new 
cases, all with an extended follow-up period. 

Materials and methods

Patients. A total of 193 primary NMIBC patients with 
transitional cell carcinoma of the urinary bladder treated 
with transurethral resection (TUR) between 1995 and 2008 
were eligible for inclusion in the present study. A minimum 
follow-up period of 6 months was required (unless recurrence 
and/or progression occurred prior to this 6-month period). 
To make the study population more homogeneous, patients 
with concomitant carcinoma in situ (CIS) and those who had 
undergone radical cystectomy were excluded. All tumors 
were macrodissected, typically within 15 min of surgical 
resection. Each BC specimen was confirmed by a patho-
logical analysis of fresh frozen sections obtained from part of 
the TUR tissue samples. Samples were then frozen in liquid 
nitrogen and stored at -80˚C until required. The collection 
and analysis of all samples was approved by the local institu-
tional review board and informed consent was obtained from 
each subject.

A second TUR was performed 2-4 weeks after the initial 
resection if a BC specimen did not include proper muscle 
tissue, or when a high-grade tumor was detected (9). Patients 
with a T1 tumor, multiple tumors, large tumors (≥3 cm in 
diameter), or a high-grade Ta tumor received one cycle of 
intravesical treatment (BCG or mitomycin-C) (9,10). If a 
patient refused intravesical therapy, it was not administered 
after TUR. Response to treatment was assessed by cystoscopy 
and urinary cytology. Patients who were disease-free within 
3 months after treatment were assessed every 3 months for 
the first 2 years and every 6 months thereafter (9,10). Tumors 
were staged and graded according to the 2002 TNM classifi-
cation and the 1973 WHO grading system, respectively (9,11). 
Recurrence was defined as relapse of the primary NMIBC 
with a lower, or the same, pathological stage, and progression 
was defined as disease with a higher TNM stage upon relapse.

RNA extraction and construction of cDNA. RNA was isolated 
from tissue using 1 ml of TRIzol reagent (Invitrogen, Carlsbad, 
CA, USA) and homogenized in a 5 ml glass tube. The homog-
enate was transferred to a 1.5 ml tube and mixed with 200 µl 
of chloroform. After incubation for 5 min at 4˚C, the homoge-
nate was centrifuged for 13 min at 13,000 x g at 4˚C. The 
upper aqueous phase was transferred to a clean tube and then 
500 µl of isopropanol was added. The mixture was incubated 
for 60 min at 4˚C, and the tube was centrifuged for 8 min at 
13,000 x g at 4˚C. The upper aqueous phase was discarded 

and mixed with 500 µl of 75% ethanol, and centrifuged for 
5 min at 13,000 x g at 4˚C. After discarding the upper aqueous 
layer, the pellet was dried at room temperature, dissolved in 
diethylpyrocarbonate (DEPC)-treated water, and then stored at 
-80˚C. The quality and integrity of the RNA were confirmed 
by agarose gel electrophoresis and ethidium bromide staining 
followed by visual inspection under ultraviolet light. cDNA was 
prepared from 1 µg of total-RNA using a First-Strand cDNA 
Synthesis kit (Amersham Biosciences Europe GmbH, Freiburg, 
Germany) according to the manufacturer's instructions.

Quantitative real-time PCR. qPCR amplification was 
performed using a Rotor-Gene 6000 instrument (Corbett 
Research, Mortlake, Australia) to quantify the expression of 
CELSR3, KIF1A and COCH. qPCR assays were carried out in 
micro-reaction tubes (Corbett Research) using SYBR-Premix 
Ex Taq (Takara, Otsu, Japan). The primers used in the amplifi-
cation were: CELSR3 (129 bp), sense 5'-CTC CAT GTT GGT 
GAC TGT CAC-3' and antisense 5'-TCC TGC CAC ATG 
TTC TCA AG-3'; KIF1A (157 bp), sense 5'-AAG AAC CAA 
GGG CAA CCT TCG-3' and antisense 5'-CTC CAT TCA 
TGT TGG TGG CC-3'; COCH (134 bp), sense 5'-AGA AAG 
CAG ATG TCC TCT GC-3' and antisense 5'-TCC CCC TGA 
GTT GCT GAT TA-3'. The PCR reaction was performed in a 
final volume of 10 µl consisting of 5 µl of 2X SYBR-Premix 
Ex Taq buffer, 0.5 µl each of 5'- and 3'- primer (10 pmol/µl), 
and 1 µl of the cDNA sample. The product was purified with 
a QIAquick Extraction kit (Qiagen, Hilden, Germany), quan-
tified with a spectrophotometer (Perkin Elmer MBA2000, 
Fremont, CA, USA), and then sequenced with an automated 
laser fluorescence sequencer (ABI PRISM 3100 Genetic 
Analyzer, Foster City, WI, USA). Ten-fold serial dilutions of 
a known concentration of the product (from 100 to 0.1 pg/
µl) were used to establish the standard curve for qPCR. The 
qPCR conditions were: 1 cycle for 20 sec at 96˚C, followed 
by 40 cycles of 2 sec at 96˚C for denaturation, 15 sec at 60˚C 
for annealing, and 15 sec at 72˚C for extension. The melting 
program was performed at 72-95˚C with a heating rate of 
1˚C per 45 sec. Spectral data were captured and analyzed 
using Rotor-Gene Real-Time Analysis Software 6.0 Build 14 
(Corbett Research). All of the samples were run in triplicate. 
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was 
analyzed as an endogenous RNA reference gene and gene 
expression was normalized to the expression of GAPDH.

Statistical analysis. Data from the three genes were natural 
log-transformed to normalize the highly skewed distribution 
of mRNA expression levels (12), and a risk score for recur-
rence and progression was calculated for each patient (the 
sum of the levels of expression of each gene multiplied by 
the corresponding regression coefficients) (5,13-18). Receiver 
operating characteristic (ROC) curves were used to determine 
the optimal cut-off point for each risk score that yielded the 
highest combined sensitivity and specificity for recurrence 
and progression, respectively. Using these values, patients 
were classified into high- or low-risk signature groups. 
The Kaplan-Meier method was used to estimate time-to-
recurrence and progression, and differences were assessed 
using log-rank statistics. The prognostic value of the three-
gene risk signature, in terms of recurrence and progression, 
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was analyzed using multivariate Cox proportional hazard 
regression models. Statistical analysis was performed using 
SPSS 12.0 software (SPSS, Chicago, IL, USA). P<0.05 was 
considered to be statistically significant.

Results

Baseline characteristics. The median follow-up period after 
surgery was 44.9 months (range 6.1-194.5) and the median 
age was 67.0 years (range 24.0-91.0). Of the 193 patients, 
71 (36.8%) experienced recurrence and 20 (10.4%) expe-
rienced progression. The mean intervals for recurrence and 
progression were 41.2 months (median 22.1; range 1.4-164.4) 
and 55.3 months (median 44.9; range 6.1-194.5), respectively. 
Other clinical and pathological characteristics of the patients 
are shown in Table I.

Prognostic value of three-gene risk signature for recurrence 
and progression. Kaplan-Meier estimates revealed significant 
differences in time-to-recurrence and progression between 
low- and high-risk signatures (log-rank test, p=0.011 and 
p<0.001, respectively) (Fig. 1A and B). The multivariate Cox 
regression analysis revealed that the three-gene signature 
was an independent predictor of bladder tumor progres-
sion (hazard ratio, 4.268; 95% CI, 1.542-11.814; p=0.005) 
(Table II). However, the multivariate survival analysis showed 
that the three-gene signature was not an independent predictor 
of tumor recurrence.

Discussion

Our experimental approach was based on an initial microarray 
gene expression analysis of 103 randomly selected primary 
NMIBC specimens (5). The number of NMIBC samples 
was progressively increased and three genes not previously 
described in BC were selected. Specifically, patients desig-
nated as high-risk by the three-gene signature were more 
likely to show progression of NMIBC, had a strong hazard 
ratio (4.268) following multivariate analysis, and had various 
known clinical risk factors, including age, tumor size, number 
of tumors, T-category, tumor grade and intravesical therapy. 
This result provided evidence that a gene signature was able to 
provide additional risk stratification beyond pathology, which 
is particularly useful due to the inter-observer variability 
inherent in tumor staging and grading (19,20).

CELSR3 is a member of the flamingo protein subfamily, 
which is part of the cadherin superfamily. The flamingo 
cadherins comprise nine cadherin domains, seven epidermal 
growth factor-like repeats and two laminin AG-type repeats 
within the ectodomain (21). Using microarray analysis, 

Figure 1. Kaplan-Meier curves showing (A) time to recurrence and (B) time 
to progression between low- and high-risk signatures (log-rank test, p=0.011 
and p<0.001, respectively).

  A

  B

Table I. Baseline characteristics of primary non-muscle invasive  
bladder cancer patients.

Variables No. of patients (%)

Age (years), median (range) 67.0 (24.0-91.0)
Median follow-up in months (range) 44.9 (6.1-194.5)
Gender
  Male 157 (81.3)
  Female   36 (18.7)
Grade
  G1   67 (34.7)
  G2 101 (52.3)
  G3   25 (13.0)
Stage
  Ta   71 (36.8)
  T1 122 (63.2)
Size
  <3 cm 109 (56.5)
  ≥3 cm   84 (43.5)
Number
  Single 111 (57.5)
  Multiple   82 (43.5)
Intravesical therapy
  No   80 (41.5)
  Yes 113 (58.5)
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Erkan et al reported that CELSR3 was up-regulated in 
tumor-associated stellate cells compared with inflammation-
associated ones. These data were confirmed by mRNA 
expression, immunoblot analysis, and tissue immunohisto-
chemistry (22). The authors suggested that the up-regulation 
of CELSR3 in tumors provides a potential drug target, since 
the protein encoded by this gene is located at the plasma 
membrane and has noteworthy signaling capabilities (23). 
It is postulated that these proteins are receptors involved in 
contact-mediated communication, with the cadherin domains 
acting as homophilic binding regions and the EGF-like 
domains involved in cell adhesion and receptor-ligand 
interactions. Taken together, these data suggest a significant 
role for CELSR3 in BC that warrants further investigation.  
KIF1A, located on chromosome 2q37, is a member of the 
kinesin superfamily of motor proteins. This protein is an 
anterograde motor protein that transports membranous 
organelles along the axonal microtubules and is extremely 
similar to the mouse heavy chain kinesin member 1A (KHC) 
protein (24,25). In the mouse colon, KHC transports the 
APC protein along microtubules. The suppression of KHC 
expression eliminates the peripheral translocation of APC 
and induces the cellular accumulation of β-catenin, leading 
to malignant transformation (26). The altered expression of 
KIF1A and other kinesin superfamily genes has been reported 
in a variety of human cancers including breast, glioblastoma, 
and prostate cancer (27-29). A recent study reported that 
KIF1A showed significant differences in plasma DNA meth-
ylation between control and patient samples in lung cancer 
and suggested a significant potential of molecular detection 
approaches (30). COCH is a cell adhesion molecule (31) that 
maps to human chromosome 14q11.2-13 (32), and is linked 
with non-syndromic, autosomal dominant hearing loss due 
to vestibular malfunction with variable penetrance. However, 

the cancer-related functions of COCH have yet to be demon-
strated. Only one report links COCH to cancer, and suggests 
that it is regulated by leukemia inhibitory factor in the uterus 
at the time of embryo implantation (33).

Frequent recurrence and progression are devastating 
events for both urologists and BC patients. As a result, there 
have been various efforts to develop methods for detecting 
and predicting the biological behavior of BC. The methods 
used for evaluation should be convenient and adequate for 
patients as well as urologists. Economic problems also have 
to be considered with respect to BC patients, as the high 
incidence of recurrence results in considerable costs, which 
render NMIBC one of the most expensive diseases to treat 
(34). Progression from NMIBC to MIBC, or metastasis, is 
not uncommon and is often life-threatening. Efforts geared 
towards preventing these events are ongoing. Conventional 
methods include a second TUR, intravesical drug instillation 
treatment, and early cystectomy (35,36). However, the compli-
ance of patients treated with intravesical drug instillation is 
poor and cystectomy may lead to severe complications or 
morbidity (37). On the other hand, the use of the three-gene 
signature in a clinical setting is beneficial in that management 
of numerous NMIBC patients is feasible. Therefore, obtaining 
information regarding disease aggressiveness at the time of 
initial diagnosis is possible. Assessment of the true malignant 
potential of NMIBC at the time of diagnosis may change the 
current schedule of treatment. For instance, it may prioritize 
high-risk patients for early cystectomy, or urgent cystoscopy, 
and may delay or prolong the interval between examinations 
for low-risk patients, thereby improving patient quality of life 
and outcome. Additionally, this method may be cost-effective 
for BC patients as compared to microarray analysis or a panel 
of markers, simultaneously overcoming the limitations of 
single marker analysis and the current stage-grading system.

Table II. Multivariate Cox regression analysis for the prediction of recurrence and progression in non-muscle-invasive bladder 
cancer.

Variables Recurrence Progression
 --------------------------------------------------------------------- -------------------------------------------------------------------
 HR (95% CI) P-value HR (95% CI) P-value

Age (<67 vs. ≥67 years) 1.018 (0.617-1.680) 0.943 1.075 (0.410-2.819) 0.883
Gender (male vs. female) 0.954 (0.481-1.895) 0.894 0.763 (0.170-3.433) 0.724
Grade
  G1 1 - 1 -
  G2 1.038 (0.527-2.044) 0.915 1.152 (0.280-4.740) 0.844
  G3 1.110 (0.449-2.746) 0.821 3.240 (0.504-20.834) 0.216
Number of tumors (single vs. multiple) 1.115 (0.680-1.830) 0.666 1.108 (0.454-2.700) 0.822
Tumor size (<3 vs. ≥3 cm) 1.152 (0.709-1.873) 0.567 2.428 (0.904-6.526) 0.079
Stage (Ta vs. T1) 0.961 (0.481-1.895) 0.905 0.644 (0.174-2.390) 0.511
Intravesical therapy (No vs. Yes) 2.646 (1.397-5.014) 0.003 2.195 (0.574-8.397) 0.251
Three-gene risk signature (low vs. high) 1.519 (0.926-2.493) 0.098 4.268 (1.542-11.814) 0.005

HR, hazard ratio; CI, confidence interval.
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The exact mechanism underlying the progression of NMIBC 
driven by the three genes remains to be elucidated. Investigation 
of these mechanisms may be the subject of future studies. The 
three-gene signature we identified can be applied clinically. 
Predictive models, including or excluding any new putative 
biomarkers, need to show clinically significant improvements 
in performance to claim any real benefit. Consequently, we are 
currently recruiting a larger cohort of BC patients and using 
long-term follow-up periods in an independent cohort.

In conclusion, this study shows that our three-gene  
signature is capable of predicting the prognosis of NMIBC 
and is closely associated with disease progression. Utilization 
of this technique in clinical practice is likely to improve the 
follow-up schedule of NMIBC patients. However, introducing 
this prognostic test for NMIBC into routine clinical practice 
requires further external validation in a prospective manner 
using a large number of samples.
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