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Bioinformatic identification of prognostic signature
defined by copy number alteration and expression of
CCNE1 in non-muscle invasive bladder cancer

Bic-Na Song1,2,4, Seon-Kyu Kim2,3,4 and In-Sun Chu1,2

Non-muscle invasive bladder cancer (NMIBC) patients frequently fail to respond to treatment and experience disease progression

because of their clinical and biological diversity. In this study, we identify a prognostic molecular signature for predicting the

heterogeneity of NMIBC by using an integrative analysis of copy number and gene expression data. We analyzed the copy

number and gene expression profiles of 404 patients with bladder cancer obtained from The Cancer Genome Atlas (TCGA)

consortium. Of the 14 molecules with significant copy number alterations that were previously reported, 13 were significantly

correlated with copy number and expression changes. Prognostic gene sets based on the 13 genes were developed, and their

prognostic values were verified in three independent patient cohorts (n=501). Among them, a signature of CCNE1 and its

coexpressed genes was significantly associated with disease progression and validated in the independent cohorts. The CCNE1
signature was an independent risk factor based on the result of a multivariate analysis (hazard ratio=6.849, 95% confidence

interval=1.613–29.092, P=0.009). Finally, gene network and upstream regulator analyses revealed that NMIBC progression is

potentially mediated by CCND1-CCNE1-SP1 pathways. The prognostic molecular signature defined by copy number and

expression changes of CCNE1 suggests a novel diagnostic tool for predicting the likelihood of NMIBC progression.
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INTRODUCTION

Bladder cancer is the sixth most common cancer worldwide.1

Non-muscle invasive bladder cancer (NMIBC; stage Ta or T1),
a histological subtype of bladder cancer, accounts for ~ 85% of
all cases. NMIBC patients are typically treated by transurethral
resection and intravesical therapy of Bacillus Calmette-Guérin
or mitomycin-C to prevent recurrence or progression to
muscle invasive bladder cancer (MIBC; stage T2, T3 or T4).2

Despite these treatment options, many patients fail to respond
to the therapy and experience disease recurrence or
progression,3 which is a facet of the disease that strongly
influences patient survival.

Recent genomics or epigenomics studies of bladder cancer
based on next-generation sequencing technologies have gradu-
ally and precisely uncovered the genomic status of the disease.
In addition to the gene expression features described by
previous traditional genome-wide approaches, various novel
molecular characteristics of bladder cancer were introduced
through integrative genomic approaches.4–6 Indeed, a number

of putative treatment targets for bladder cancer, including
highly amplified novel molecules such as CCNE1, CEBPA, and
MUC1, have been proposed in various investigations. However,
their clinical relevance as prognostic or predictive biomarkers
has been insufficiently proven. Furthermore, no studies have
examined the regulation of these genes’ expression and whether
other genes being associated with them can provide additional
insight into the mechanisms of disease progression or tumor
invasion.

Here, we examined an association between previously
reported novel molecules and cancer outcome using
multiple patient cohorts. We analyzed molecules with
high copy number alteration (CNA) and their coexpressed
genes to assess whether their molecular signature could
identify patients with an increased likelihood of
disease progression. Through gene-to-gene network and
upstream regulator analyses, we also identified a putative
signaling pathway that potentially mediates NMIBC
aggressiveness.

1Korean Bioinformation Center, Korea Research Institute of Bioscience and Biotechnology, Daejeon, Korea; 2Department of Bioinformatics, Korea University
of Science and Technology, Daejeon, Korea and 3Personalized Genomic Medicine Research Center, Korea Research Institute of Bioscience and
Biotechnology, Daejeon, Korea

Correspondence: Dr I-S Chu, Korean Bioinformation Center, Korea Research Institute of Bioscience and Biotechnology, Daejeon 34141, Korea.
E-mail: chu@kribb.re.kr

4These authors contributed equally to this work.

Received 12 April 2016; revised 3 August 2016; accepted 4 August 2016

Experimental & Molecular Medicine (2017) 49, e282; doi:10.1038/emm.2016.120
& 2017 KSBMB. All rights reserved 2092-6413/17

www.nature.com/emm

http://dx.doi.org/10.1038/emm.2016.120
mailto:chu@kribb.re.kr
http://dx.doi.org/10.1038/emm.2016.120
http://www.nature.com/emm


MATERIALS AND METHODS

Patients and gene expression data
In this study, a total of four cohorts of patients with bladder cancer
were used for identifying and validating a prognostic signature. To
explore a relationship between the DNA copy number and mRNA
expression changes, data sets containing CNA, gene expression and
DNA methylation in bladder cancer were obtained from the public
database provided by The Cancer Genome Atlas (TCGA) consortium
(n= 404).5 Prognostic gene sets including genes with significantly
correlated copy number and expression levels were explored in a gene
expression data set (GSE13507, n= 165) from the Chungbuk National
University Hospital.7 Among a total of 165 patient samples in this data
set, 63 patients had MIBCs, and the remaining 102 patients had
NMIBCs. To assess NMIBC prognosis, we only used 102 primary
NMIBC samples as the exploration data set (the Korean cohort,
n= 102). Another gene expression data set (GSE19915, n= 144) of
bladder cancer samples obtained from 144 patients undergoing
transurethral resection at the University Hospital of Lund was used for
validation.8 Among these, 97 NMIBCs were chosen as the first
validation data set (the Swedish cohort, n= 97). Another gene
expression data set from a European consortium for bladder cancer
microarray study (GSE5479, n= 404) was used for the critical
validation of the signature.9 Of the 404 patients, 302 NMIBC samples
were selected as the second validation data set (the European cohort,
n= 302).
To reduce confounding factors affecting the analysis, any patients

diagnosed with a concomitant carcinoma in situ (CIS) lesion or only a
CIS lesion were excluded. In this study, progression of the disease was
defined as an increase in stage from either Ta or T1 to T2 or higher
after disease relapse. All of the copy number or gene expression data
are available at the TCGA consortium or the Gene Expression
Omnibus public database (numbers GSE13507, GSE19915, and
GSE5479).

Statistical analysis
Pearson and Spearman correlation coefficients were calculated to
evaluate the association between the DNA copy number and gene
expression. For more assessments of relationship between continuous
mRNA expression and discrete copy number status, we equally
distributed bladder cancer patients into five subgroups based on their
copy number values (that is, each quintile involved 20% of the
patients) and performed Polyserial correlation tests on the expression
data and copy number groups. To estimate the significance of gene
expression difference between the patient subgroups according to the
DNA methylation value, we performed a two-sample t-test for each
gene. The association between the DNA copy number and gene
expression in the presence of DNA methylation was assessed using
multivariate linear regression models.
To generate a gene set that was highly associated with gene features,

we used previously established method based on a correlation test,
namely iterative in trans correlation analysis.10 Briefly, a Pearson
correlation test for a gene feature was applied to the exploration data
set to select genes that exhibited significant correlation coefficients
(|r|40.5 and Po0.001). Using a gene expression data matrix consist-
ing of a gene feature and its correlated genes, we performed
hierarchical clustering analysis using the centered correlation coeffi-
cient as the measure of similarity and complete linkage clustering
method. According to the patient clustering results, the patients were
divided into two subgroups and the time to progression of the patients
in each subgroup was estimated. The Kaplan–Meier method was used

to calculate progression-free survival, and differences in survival
between the subgroups were assessed using log-rank statistics.
BRB-Array Tools (National Cancer Institute, Bethesda, MD, USA)
were used for a critical validation procedure. To test the prognostic
value of the signature, we applied several prediction models based on
the compound covariate predictor, linear discriminant analysis,
1-nearest neighbor classifier, 3-nearest neighbor classifier, nearest
centroid, and Bayesian compound covariate predictor. The prognostic
association between the signature and risk factors was assessed using
multivariate Cox regression models. A backward–forward step proce-
dure (function step, R package stats) was applied to optimize the
multivariate model with the most informative variables.11

Gene set enrichment analysis was performed to identify the most
significant gene sets associated with diseases, molecular functions,
and physiological system development. The significance of over-
represented gene sets was estimated using the Fisher’s exact test. To
explore regulator candidates contributing to disease progression, we
performed an upstream regulator analysis that searched known targets
of each regulator in the data set and compared their direction of
change to the expected change based on previously published
literature. Gene set enrichment and upstream regulator analyses were
performed using the Ingenuity Pathway Analysis (IPA, Ingenuity
Systems, www.ingenuity.com).

RESULTS

Baseline characteristics of NMIBC patient cohorts
Clinical and histopathological variables for the bladder cancer
patient cohorts used in this study are listed in Supplementary
Table 1. The median follow-up times for the Korean, Swedish
and European cohorts were 55.3 (range, 3.2–137 months),
49.5 (range, 1.2–79.8 months) and 52.0 months (range,
1–185 months), respectively. During the follow-up period,
11, 15 and 44 of the bladder cancer patients experienced
disease progression in the Korean, Swedish, and European
cohorts, respectively.

Prognostic value of CCNE1 CNAs
Among a number of recent studies illustrating various novel
molecular characteristics of bladder cancer through integrative
genomic approaches,4–6 one displayed significantly novel CNAs
as cancer drivers associated with bladder tumorigenesis.4

Although highly amplified novel candidates, including CCNE1,
CEBPA, and MUC1, were originally reported, no associations
with expression or disease prognosis have been elucidated to
date, which prompted us to explore a further relationship
among CNAs, transcriptional changes and disease outcome.
We first evaluated a correlation between the DNA copy
number and gene expression using the data obtained from
the TCGA data portal. When the Pearson and the Spearman
correlation coefficients between the copy number and the
expression values of the 14 candidate genes were estimated, 13
(92.9%) exhibited a statistically significant positive correlation,
with a median correlation coefficient of 0.5 (range, 0.1–0.83)
and 0.42 (range, 0.12–0.77), respectively (Table 1). We also
equally stratified bladder cancer patients into five subgroups
based on their copy number values and measured the copy
number group-specific expression patterns of the 14 candidate
genes. Polyserial correlation analysis showed that mRNA
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expression levels were significantly associated with the groups
of copy number in the candidate genes (Supplementary
Figure 1).

Epigenetic factors such as DNA methylation have an
important role in regulating gene expression. Aberrant DNA
methylation can affect the gene expression and may introduce
noise into the evaluation of an association between the DNA
copy number and mRNA expression. In the TCGA cohort, for
identifying whether the DNA methylation influences the
association between the DNA copy number and mRNA
expression, the patients were stratified into two groups
according to the DNA methylation values: the group with
DNA methylation values in the upper 50th percentile (high)
and the group with DNA methylation values in the lower 50th
percentile (low). The 14 candidate genes were more highly
expressed in the low-methylation group compared with the
high-methylation group (each Po0.01 by two-sample t-test;
Supplementary Figure 2). When the Pearson and the Spearman
correlation coefficients between the copy number and the
expression values were calculated in the high- and low-
methylation groups, however, there were no significant differ-
ences of relationship between the copy number and the gene
expression (Supplementary Figure 2). We also applied a
multivariate linear regression analysis in each gene to evaluate
the association between the DNA copy number and mRNA
expression in the presence of DNA methylation. Supple-
mentary Table 2 summarizes the multivariate test results,
showing that the DNA copy number variations of the candidate
genes had significantly positive correlations with their mRNA
expression levels, even after considering the DNA methylation
status. Taken together, these results demonstrate that the
association between the DNA copy number and mRNA
expression is independent of the DNA methylation.

We next generated in trans gene sets correlated with the 14
genes with significant CNA to identify an expression signature
altered by CNA during disease progression. Using the explora-
tion data set, we performed an unsupervised hierarchical
clustering analysis of in trans genes correlated with each gene
feature, divided the NMIBC samples into two groups based on
patient clusters and estimated the prognostic value of each gene
set for NMIBC progression. CCNE1 was the gene that was
most strongly associated with NMIBC progression (Table 1).
By hierarchical cluster analysis using a total of 300 genes
correlated with CCNE1 expression, patients with NMIBC were
divided into two groups: a high CCNE1 cluster (HCE) and low
CCNE1 cluster (LCE; Figure 1a). The progression rate of the
HCE patients was significantly increased compared with
LCE patients (P= 0.03 by log-rank test; Figure 1b).

Validation of the signature consisting of CCNE1 and its
associated genes in the independent cohorts
To validate our findings, we used gene expression data from an
independent cohort of Swedish patients with bladder tumors.
Using the same procedure employed in the previous result, the
patients in this cohort were divided into two groups (HCE and
LCE) by hierarchical cluster analysis using the 61 genes that
overlapped with the 300 genes derived from the exploration
data set, and the progression-free survival of each group was
estimated. Kaplan–Meier analysis revealed that the CCNE1
signature was a significant predictor of progression-free
NMIBC survival in the Swedish cohort (P= 0.01 by log-rank
test; Figure 2a).

For further critical validation, we additionally used gene
expression data from another independent cohort of European
patients with bladder tumors. We analyzed the data set of the
European cohort using the same clustering algorithms and

Table 1 Genes with significant copy number changes and the number of their correlated genes

Gene

symbol RefSeq accession Entrez ID Cytoband

Copy number

status Pearson r P valuea Spearman r P valueb
Number of in trans

correlated genes P valuec

CCNE1 NM_001238.2 898 19q12 Amplification 0.48 o0.001 0.34 o0.001 300 0.03
CDKN2B NM_004936.3 1030 9p21 Deletion 0.72 o0.001 0.70 o0.001 7 0.28
CDKN2A NM_000077.4 1029 9p21 Deletion 0.77 o0.001 0.77 o0.001 14 0.32
MUC1 NM_001018016.2 4582 1q21 Amplification 0.10 0.05 0.12 0.02 2 0.42
MYC NM_002467.4 4609 8q24.21 Amplification 0.25 o0.001 0.20 o0.001 14 0.45
CCND1 NM_053056.2 595 11q13 Amplification 0.49 o0.001 0.34 o0.001 446 0.46
E2F3 NM_001243076.2 1871 6p22 Amplification 0.83 o0.001 0.66 o0.001 105 0.61
CREBBP NM_001079846.1 1387 16p13.3 Deletion 0.53 o0.001 0.48 o0.001 4097 0.73
ERBB2 NM_001005862.2 2064 17q12 Amplification 0.62 o0.001 0.38 o0.001 1850 0.79
TP53 NM_000546.5 7157 17p13.1 Deletion 0.29 o0.001 0.34 o0.001 2122 0.81
MDM2 NM_001145337.2 4193 12q14.3-q15 Amplification 0.76 o0.001 0.52 o0.001 9 0.88
CEBPA NM_001285829.1 1050 19q13.1 Amplification 0.16 0.001 0.24 o0.001 624 0.92
RB1 NM_000321.2 5925 13q14.2 Deletion 0.52 o0.001 0.46 o0.001 1580 0.93
TRIO NM_007118.2 7204 5p15.2 Amplification 0.47 o0.001 0.49 o0.001 4035 0.99

aP values were obtained by Pearson correlation test between copy number values and gene expression levels.
bP values were obtained by Spearman correlation test between copy number values and gene expression levels.
cP values were obtained by log-rank test.
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Kaplan–Meier analyses. Consistent with our previous result,
Kaplan–Meier analysis indicated that the CCNE1 signature was
a significant predictor of progression-free NMIBC survival in
the European cohort (P= 0.03 by log-rank test; Figure 2b).
Next, we applied multiple class prediction methods based on
the classical training-test procedure to evaluate the effectiveness
of our signature for disease progression (Supplementary
Figure 3a). After the genes that were most differentially
expressed between the HCE and LCE subgroups in the
exploration data set (the training set) were selected, they were
combined to form a series of classifiers estimating the prob-
ability of whether a particular bladder tumor belongs to the
HCE or LCE subgroup. The number of genes in the classifiers
was optimized to minimize misclassification during the leave-
one-out cross-validation of the tumors in the training set. For
each leave-one-out cross-validation training set, the entire

model-building process was repeated, including the gene
selection process. When applied to the European cohort
(the test set), all prediction models produced consistent and
statistically significant prediction patterns. Kaplan–Meier plots
in the test set indicated significant differences regarding the risk
of progression between patients in the HCE and LCE
subgroups (Supplementary Figure 3b).

To compare discrimination powers between single gene and
a gene set signature based on CCNE1, we analyzed 199 NMIBC
samples in a pooled data set combined with the Korean and the
Swedish cohorts containing the CCNE1 gene. When dividing
them into two groups according to the expression level of
CCNE1, although the frequency of progression was clearly
higher in the group with CCNE1 expression levels in the upper
50th percentile than in the group with CCNE1 expression levels
in the lower 50th percentile, its statistical significance was not

Figure 1 Gene expression pattern of the CCNE1 signature and progression-free survival of two clusters in the exploration data set
(n=102). (a) Gene expression patterns of CCNE1 and its associated genes. A total of 300 genes with expression patterns that highly
correlate with CCNE1 were selected for a cluster analysis (Pearson correlation test, |r|40.5 and Po0.001). The patients were divided into
two groups: a low CCNE1 cluster (LCE) and a high CCNE1 cluster (HCE). (b) Kaplan–Meier plot depicting time to progression.
The progression rate of the HCE patients was significantly increased compared with LCE patients (P=0.03 by log-rank test).

Figure 2 The validation of the CCNE1 signature in an independent cohort. Progression-free survival of two patient groups classified by the
CCNE1 signature (a) in the Swedish cohort (n=97) and (b) in the European cohort (n=302).
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observed (P= 0.078 by log-rank test; Supplementary Figure 4),
demonstrating a better performance of the CCNE1 signature
than CCNE1 single-gene expression.

We also applied multivariate Cox regression analyses to our
signature with CCNE1 single gene and known clinicopathologic
risk factors of NMIBC to verify the independent utility of the
newly identified signature based on CCNE1 expression. In the
pooled cohort combined with the Korean and Swedish
patients, the CCNE1 signature was an independent risk factor
for disease progression (hazard ratio= 2.898, 95% confidence
interval= 1.027–8.187, P= 0.044; Supplementary Table 3) even
after applying a variable selection procedure. When another
multivariate test was carried out in the European cohort, the
CCNE1 signature still retained its statistical significance for
progression of NMIBC (hazard ratio= 6.849, 95% confidence
interval= 1.613–29.092, P= 0.009; Supplementary Table 4).

Biological insights into the prognostic CCNE1 signature
To explore the biological characteristics that are active during
NMIBC progression, a gene set enrichment test of the 300
genes involved in the progression signature was performed
using IPA. When applying the 300 genes to IPA, the genes
involved in cancer, cell cycle, and connective tissue develop-
ment and function were significantly enriched. In the category

of molecular and cellular functions, genes involved in DNA
repair or cell death and survival were also significantly
represented, as were cell cycle genes, indicating that the
biological processes associated with cell cycle, the DNA-repair
system, and cell death/survival might closely affect the aggres-
sive clinical behavior of NMIBC (Supplementary Figure 5).

To identify predominant regulators and signaling pathways
reflecting the observed expression changes during progression,
upstream regulator and gene-to-gene network analyses of the
300 genes were also performed using IPA. When searching
for regulator candidates on CCNE1 upstream, we observed
functional connectivity between CCND1 and CCNE1, in which
CCNE1 is a downstream effector of CCND1 (Figure 3).
CCND1, a member of the cyclin domain along with CCNE1,
is involved in both cyclins and cell cycle regulation pathways,
thus controlling cell cycle progression. CCND1 is activated in
various cancers, thus increasing the invasiveness of cancer cells,
including bladder cancer.12 CCND1 is also correlated with early
cancer onset and tumor progression,13 which indicates that the
CCND1 may be an important mediator in the progression of
NMIBC. Among the regulator candidates, we also identified a
functional relationship between CCNE1 and SP1. The tran-
script regulator SP1, which mediates cell death and growth,
is a direct binding partner of CCNE1 and is involved in the

Figure 3 Gene networks enriched with genes associated with disease progression. Upregulated genes in the high CCNE1 cluster (HCE)
group are indicated in red. The intensity of color is indicative of the degree of overexpression. Orange-colored elements indicate predictive
activated genes. Each line and arrow represents functional and physical interactions between the genes and the direction of regulation
reported in the literature, respectively. The networks were generated by using Ingenuity Pathways Analysis (Ingenuity Systems, www.
ingenuity.com).
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DNA-repair system (Figure 3). SP1 is reportedly overexpressed
in many cancers and is associated with poor prognosis.14 Thus,
SP1 activation might account for the poorer prognosis of the
NMIBC subgroup HCE. Interestingly, among the other satellite
genes in the gene network, RBL1 was commonly regulated by
CCND1, CCNE1, and SP1 (Figure 3). RBL1, a transcription
factor that is involved in the cyclin domain similar to CCND1
and CCNE1, was positively expressed in numerous
cancers,15–17 including bladder cancer cell.16 In the exploration
data set, RBL1 was more highly expressed in the HCE
compared with the LCE subgroup (Po0.001 by two-sample
t-test; Supplementary Figure 6).

DISCUSSION

Multiple genetic aberrations arising from various biological
factors, such as CNA, DNA mutation or epigenetic modifica-
tion, during the long process of tumorigenesis are responsible
for the initiation and progression of cancers.18 Indubitably,
CNA is one of the important activators to variously differ-
entiate gene expressions in cancer.19 In the current study, using
Pearson correlation tests, we showed that many novel genes
with CNAs were significantly correlated with altered expression
in bladder cancers. Then, we performed an in trans correlation
analysis to identify gene sets whose expression were associated
with genes with CNAs and potential molecular signatures
contributing NMIBC progression. As a result, a molecular
signature consisting of 300 genes correlated with copy number-
altered CCNE1 expression was identified and was capable of
predicting progression in NMIBC. The validity of this signature
as a prognostic indicator was confirmed in two additional
independent NMIBC patient cohorts. The CCNE1 signature
was also an independent prognostic factor when comparing
other known clinical and pathological risk factors. Finally, we
identified a putative molecular mechanism defined by CCND1-
CCNE1-SP1 signaling that is potentially responsible for disease
progression by upstream regulator analysis.

Although gene products that are involved in cell-cycle
regulation, such as p53, pRB, p16NK4a, p14ARF, cyclin D1,
p27, CDK4, and cyclin E, are involved in bladder
tumorigenesis,20–25 these genes have reportedly limited value
for predicting the clinical course of bladder cancer. Although
some investigators have observed an association between these
genes and tumor invasion, a significant prognostic value of
cell-cycle proteins in NMIBC disease progression has not been
demonstrated to date.26 Referring to the previous study,4 we
found that many genes with significant CNA in bladder cancer,
such as CCNE1, CCND1, TP53, and RB1, are involved in cell-
cycle regulation (Table 1). Through an estimation of prognosis
using a gene set coexpressed with each of these genes, we
discovered that an expression signature of CCNE1 and its
associated genes was a novel predictor of NMIBC progression.
CCNE1 is amplified and overexpressed in many tumors, which
results in chromosome instability, suggesting that its deregula-
tion may contribute to tumorigenesis.27–31 Previous investiga-
tions revealing that alteration of the cell cycle by CCNE1
overexpression aggressively affected the clinical behavior of

bladder cancer have suggested a crucial role for CCNE1 in the
progression of bladder cancer.32,33 Taken together, these data
underscore the involvement of CCNE1 in NMIBC progression.

To identify the cascade of upstream transcriptional regula-
tors that can explain the observed gene expression changes in a
data set, we performed upstream regulator analysis using IPA
and identified a putative pathway defined by CCND1-CCNE1-
SP1 signaling during progression. CCND1 is a well-established
human oncogene. Substantial evidence suggests the involve-
ment of CCND1 amplification and overexpression in various
cancer types, including breast, lung, melanoma, and oral
squamous cell carcinomas.34,35 Furthermore, recent studies
illustrated that CCND1 exhibits potential as a therapeutic
target for several cancers.36–38 Because CCNE1 is a downstream
target of CCND1, our results strongly support the potential
involvement of CCND1 in NMIBC progression. SP1, a direct
binding partner of CCNE1, mediates cell death and growth and
is clinically overexpressed in many cancers,14 implying that SP1
cooperates with CCNE1, ultimately resulting in a poorer
prognosis of NMIBC. As a common downstream effector of
CCND1, CCNE1, and SP1, RBL1 is a gene that is involved in
the RB protein family, which is principally known for its
central role on cell cycle regulation,39 and is highly expressed in
numerous cancers,15–17 indicating that changes in RBL1 might
reflect aggressive clinical behavior in NMIBC.

In conclusion, we identified a high-risk prognostic subgroup
defined by CNA and expression of CCNE1 in NMIBC. As a
predictive indicator, this newly identified signature may not
only contribute an understating of the biology of aggressive
changes in bladder cancer but also enable predictions of clinical
behavior of heterogeneous NMIBC patients at diagnosis.
However, to practically use the signature in the clinical field,
more elaborate and rigorous investigation steps, not only
identifying limited number of markers that still harbor the
robustness of the signature but also selecting targets detectable
through a liquid biopsy from blood or voided urine, are
needed.

CONFLICT OF INTEREST
The authors declare no conflict of interest.

ACKNOWLEDGEMENTS
This research was supported by a grant from KRIBB Research
Initiative Program.

1 Siegel RL, Miller KD, Jemal A. Cancer statistics. CA Cancer J Clin 2015;
65: 5–29.

2 Babjuk M, Burger M, Zigeuner R, Shariat SF, van Rhijn BW, Comperat E
et al. EAU guidelines on non-muscle-invasive urothelial carcinoma of the
bladder: update 2013. Eur Urol 2013; 64: 639–653.

3 Decobert M, LaRue H, Harel F, Meyer F, Fradet Y, Lacombe L. Maintenance
bacillus Calmette-Guerin in high-risk nonmuscle-invasive bladder cancer:
how much is enough? Cancer 2008; 113: 710–716.

4 Guo G, Sun X, Chen C, Wu S, Huang P, Li Z et al. Whole-genome and
whole-exome sequencing of bladder cancer identifies frequent alterations in
genes involved in sister chromatid cohesion and segregation. Nat Genet
2013; 45: 1459–1463.

Prognostic markers of NMIBC
B-N Song

6

Experimental & Molecular Medicine



5 Cancer Genome Atlas Research N. Comprehensive molecular characteriza-
tion of urothelial bladder carcinoma. Nature 2014; 507: 315–322.

6 Choi W, Porten S, Kim S, Willis D, Plimack ER, Hoffman-Censits J et al.
Identification of distinct basal and luminal subtypes of muscle-invasive
bladder cancer with different sensitivities to frontline chemotherapy. Cancer
Cell 2014; 25: 152–165.

7 Lee JS, Leem SH, Lee SY, Kim SC, Park ES, Kim SB et al. Expression
signature of E2F1 and its associated genes predict superficial to invasive
progression of bladder tumors. J Clin Oncol 2010; 28: 2660–2667.

8 Lindgren D, Frigyesi A, Gudjonsson S, Sjodahl G, Hallden C, Chebil G et al.
Combined gene expression and genomic profiling define two intrinsic
molecular subtypes of urothelial carcinoma and gene signatures for
molecular grading and outcome. Cancer Res 2010; 70: 3463–3472.

9 Dyrskjot L, Zieger K, Real FX, Malats N, Carrato A, Hurst C et al. Gene
expression signatures predict outcome in non-muscle-invasive bladder
carcinoma: a multicenter validation study. Clin Cancer Res 2007; 13:
3545–3551.

10 Kim SK, Roh YG, Park K, Kang TH, Kim WJ, Lee JS et al. Expression
signature defined by FOXM1-CCNB1 activation predicts disease recurrence
in non-muscle-invasive bladder cancer. Clin Cancer Res 2014; 20:
3233–3243.

11 Venables WN, Ripley BD, Venables WN.. Modern Applied Statistics with S,
4th edn, Springer: New York, USA, 2002.

12 Kim CJ, Nishi K, Isono T, Okuyama Y, Tambe Y, Okada Y et al. Cyclin D1b
variant promotes cell invasiveness independent of binding to CDK4 in
human bladder cancer cells. Mol Carcinog 2009; 48: 953–964.

13 Diehl JA. Cycling to cancer with cyclin D1. Cancer Biol Ther 2014; 1:
226–231.

14 Beishline K, Azizkhan-Clifford J. Sp1 and the 'hallmarks of cancer’. FEBS J
2015; 282: 224–258.

15 Gunawardena RW, Fox SR, Siddiqui H, Knudsen ES. SWI/SNF activity is
required for the repression of deoxyribonucleotide triphosphate metabolic
enzymes via the recruitment of mSin3B. J Biol Chem 2007; 282:
20116–20123.

16 Williams JP, Stewart T, Li B, Mulloy R, Dimova D, Classon M. The
retinoblastoma protein is required for Ras-induced oncogenic transforma-
tion. Mol Cell Biol 2006; 26: 1170–1182.

17 Sangwan M, McCurdy SR, Livne-Bar I, Ahmad M, Wrana JL, Chen D et al.
Established and new mouse models reveal E2f1 and Cdk2 dependency of
retinoblastoma, and expose effective strategies to block tumor initiation.
Oncogene 2012; 31: 5019–5028.

18 Vogelstein B, Kinzler KW. Cancer genes and the pathways they control.
Nat Med 2004; 10: 789–799.

19 Cheng L, Wang P, Yang S, Yang Y, Zhang Q, Zhang W et al. Identification of
genes with a correlation between copy number and expression in
gastric cancer. BMC Med Genomics 2012; 5: 14.

20 Knowles MA. What we could do now: molecular pathology of
bladder cancer. Mol Pathol 2001; 54: 215–221.

21 Mhawech P, Greloz V, Oppikofer C, Szalay-Quinodoz I, Herrmann F.
Expression of cell cycle proteins in T1a and T1b urothelial bladder
carcinoma and their value in predicting tumor progression. Cancer 2004;
100: 2367–2375.

22 Richter J, Wagner U, Kononen J, Fijan A, Bruderer J, Schmid U et al. High-
throughput tissue microarray analysis of cyclin E gene amplification and
overexpression in urinary bladder cancer. Am J Pathol 2000; 157:
787–794.

23 Ioachim E, Michael M, Stavropoulos NE, Kitsiou E, Hastazeris K, Salmas M
et al. Expression patterns of cyclins D1, E and cyclin-dependent kinase
inhibitors p21(Waf1/Cip1) and p27(Kip1) in urothelial carcinoma: correla-
tion with other cell-cycle-related proteins (Rb, p53, Ki-67 and PCNA) and
clinicopathological features. Urol Int 2004; 73: 65–73.

24 Chatterjee SJ, Datar R, Youssefzadeh D, George B, Goebell PJ, Stein JP
et al. Combined effects of p53, p21, and pRb expression in the progression
of bladder transitional cell carcinoma. J Clin Oncol 2004; 22:
1007–1013.

25 Shariat SF, Tokunaga H, Zhou J, Kim J, Ayala GE, Benedict WF et al. p53,
p21, pRB, and p16 expression predict clinical outcome in cystectomy with
bladder cancer. J Clin Oncol 2004; 22: 1014–1024.

26 Hurst CD, Fiegler H, Carr P, Williams S, Carter NP, Knowles MA. High-
resolution analysis of genomic copy number alterations in bladder cancer by
microarray-based comparative genomic hybridization. Oncogene 2004; 23:
2250–2263.

27 Lockwood WW, Stack D, Morris T, Grehan D, O'Keane C, Stewart GL et al.
Cyclin E1 is amplified and overexpressed in osteosarcoma. J Mol Diagn
2011; 13: 289–296.

28 Kuhn E, Bahadirli-Talbott A, Shih Ie M. Frequent CCNE1 amplification in
endometrial intraepithelial carcinoma and uterine serous carcinoma. Mod
Pathol 2014; 27: 1014–1019.

29 Nakayama N, Nakayama K, Shamima Y, Ishikawa M, Katagiri A, Iida K
et al. Gene amplification CCNE1 is related to poor survival and potential
therapeutic target in ovarian cancer. Cancer 2010; 116: 2621–2634.

30 Wu S, Chen J, Dong P, Zhang S, He Y, Sun L et al. Global gene expression
profiling identifies ALDH2, CCNE1 and SMAD3 as potential prognostic
markers in upper tract urothelial carcinoma. BMC Cancer 2014; 14: 836.

31 Scaltriti M, Eichhorn PJ, Cortes J, Prudkin L, Aura C, Jimenez J et al. Cyclin
E amplification/overexpression is a mechanism of trastuzumab resistance in
HER2+ breast cancer patients. Proc Natl Acad Sci USA 2011; 108:
3761–3766.

32 Fu YP, Kohaar I, Moore LE, Lenz P, Figueroa JD, Tang W et al. The 19q12
bladder cancer GWAS signal: association with cyclin E function and
aggressive disease. Cancer Res 2014; 74: 5808–5818.

33 Schraml P, Bucher C, Bissig H, Nocito A, Haas P, Wilber K et al. Cyclin E
overexpression and amplification in human tumours. J Pathol 2003; 200:
375–382.

34 Musgrove EA, Caldon CE, Barraclough J, Stone A, Sutherland RL. Cyclin D
as a therapeutic target in cancer. Nat Rev Cancer 2011; 11: 558–572.

35 Santarius T, Shipley J, Brewer D, Stratton MR, Cooper CS. A census of
amplified and overexpressed human cancer genes. Nat Rev Cancer 2010;
10: 59–64.

36 Kim ES, Lee JJ, Wistuba II Cotargeting cyclin D1 starts a new chapter in
lung cancer prevention and therapy. Cancer Prev Res (Phila) 2011; 4:
779–782.

37 Alao JP. The regulation of cyclin D1 degradation: roles in cancer develop-
ment and the potential for therapeutic invention. Mol Cancer 2007; 6: 24.

38 Shan J, Zhao W, Gu W. Suppression of cancer cell growth by promoting
cyclin D1 degradation. Mol Cell 2009; 36: 469–476.

39 Indovina P, Marcelli E, Casini N, Rizzo V, Giordano A. Emerging roles of RB
family: new defense mechanisms against tumor progression. J Cell Physiol
2013; 228: 525–535.

This work is licensed under a Creative Commons
Attribution-NonCommercial-NoDerivs 4.0 Inter-

national License. The images or other third party material in
this article are included in the article’s Creative Commons
license, unless indicated otherwise in the credit line; if the
material is not included under the Creative Commons license,
users will need to obtain permission from the license holder to
reproduce the material. To view a copy of this license, visit
http://creativecommons.org/licenses/by-nc-nd/4.0/

Supplementary Information accompanies the paper on Experimental & Molecular Medicine website (http://www.nature.com/emm)

Prognostic markers of NMIBC
B-N Song

7

Experimental & Molecular Medicine

http://creativecommons.org/licenses/by-nc-nd/4.0/

	Bioinformatic identification of prognostic signature defined by copy number alteration and expression of CCNE1 in non-muscle invasive bladder�cancer
	Introduction
	Materials and methods
	Patients and gene expression data
	Statistical analysis

	Results
	Baseline characteristics of NMIBC patient cohorts
	Prognostic value of CCNE1 CNAs
	Validation of the signature consisting of CCNE1 and its associated genes in the independent cohorts

	Table 1 Genes with significant copy number changes and the number of their correlated genes
	Figure 1 Gene expression pattern of the CCNE1 signature and progression-free survival of two clusters in the exploration data set (n�=�102).
	Figure 2 The validation of the CCNE1 signature in an independent cohort.
	Biological insights into the prognostic CCNE1 signature

	Figure 3 Gene networks enriched with genes associated with disease progression.
	Discussion
	This research was supported by a grant from KRIBB Research Initiative Program.Supplementary Information accompanies the paper on Experimental & Molecular Medicine website (http://www.nature.com/emm)Siegel RL, Miller KD, Jemal A. Cancer statistics. CA Canc
	ACKNOWLEDGEMENTS




