
Int J Clin Exp Med 2015;8(3):3619-3628
www.ijcem.com /ISSN:1940-5901/IJCEM0005206

Original Article
Interaction network analysis of differentially expressed 
genes and screening of cancer marker in the urine of 
patients with invasive bladder cancer

Baihong Guo1, Tuanjie Che2, Baoguang Shi1, Lijun Guo1, Zhihua Zhang1, Lin Li2, Chuanyong Cai2, Yirong 
Chen1

1Department of Urology, People’s Hospital of Gansu Province, Lanzhou 730000, China; 2School of Life Science, 
Lanzhou University, Lanzhou 730000, China

Received December 24, 2014; Accepted February 12, 2015; Epub March 15, 2015; Published March 30, 2015

Abstract: Objective: To detect the expression profile of bladder cancer and to delineate the interaction network of 
these genes in invasive bladder cancer. Methods: A total of 126 differentially expressed genes were identified, and 
input into STRING online database to delineate interaction network. The network data were screened with central 
nodes. The expression of genes with the most evident change in the exfoliated cells of urine was detected. RNA 
markers with over-expression in stage Ta tumor and/or T1 to T4 tumors but low expression in blood or inflammatory 
cells were characterized. Results: On the basis of assay of 21,639 whole-genome oligonucleotide microarray, a total 
of 126 differentially expressed genes were identified, of which 69 had up-regulated expression and 57 had down-
regulated expression. STRING screening showed there were interactions among 103 genes in the bladder cancer 
which formed a complex network. A total of 23 central nodes were screened with Cytoscape and are involved in 
multiple signaling pathways related to tumorigenesis. The test specificity was 80% for the 30 control patients with 
urinary tract infections. The combination of BLCA-4 and HOXA13 could distinguish between low and high grade tu-
mors, with specificity and sensitivity of 80%. Conclusion: The interaction network of differentially expressed genes, 
especially the central nodes of this network, can provide evidence for the early diagnosis and molecular targeted 
therapy of invasive bladder cancer, and combined detection of IGF-1, hTERT, BLCA-4 and HOXA13 genes is helpful 
to evaluate BTCC at different stages.

Keywords: Bladder transitional cell carcinoma, interaction network, central nodes, urine marker, quantitative real-
time PCR

Introduction

Bladder transitional cell carcinoma (BTCC) is 
one of the leading causes of cancer-related 
morbidity and mortality and the sixth most 
common cancer worldwide [1]. In China, the 
incidence of BC continues to rise [2]. About 
30% of BTCC have invaded the lamina propria 
or myometrium at diagnosis (T2-T4 stage), the 
5-year disease free survival rate reduced from 
42.5% for BTCC at Ta-T1 stage (or carcinoma in 
situ) to 11% for BTCC at T2-T4 stage, and about 
6% of patients with BTCC at T2-T4 stage have 
distant metastasis [3]. The incidence of recur-
rence is very high after therapy for BTCC 
patients and is about 50-70%. Once recurrence 
is present, the biological behaviors of BTCC 

change and it may progress to advanced patho-
logical grade and clinical stage [3].

Biopsy of suspected lesions and subsequent 
cystoscopy has been regarded as the gold stan-
dard in the diagnosis of bladder cancer and for 
the follow-up of these patients. A variety of 
studies have focused on developing new non-
invasive methods for the diagnosis of bladder 
cancer and monitoring its progression. New bio-
markers that would increase the detection rate 
of transitional cell carcinoma before the inva-
sion of bladder muscle layer would reduce 
BTCC-related morbidity and mortality [4]. 
Although the detection of telomerase and hyal-
uronic acid hyaluronidase in the urine is sensi-
tive and specific, their roles in the diagnosis of 
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bladder cancer still require to be validated in 
multicentered clinical studies. Therefore, it is 
important to find the specific biomarkers for 
bladder cancer, which may improve the early 
diagnosis and effective postoperative foll- 
ow-up.

High-throughput microarray assay has shown 
that gene expression profile is helpful for the 
identification of bladder tumor cells from nor-
mal urothelial cells and the staging of bladder 
cancer. The gene expression data provided by 
the high-throughput microarray assay are ben-
efit for the diagnosis of bladder tumors and 
present some characteristics of diseases and 
information for diagnosis [5, 6]. To investigate 
the molecular mechanism underlying the 
pathogenesis of BTCC, 70-mer oligonucleotide 
microarray assay was performed to detect the 
gene expression profiles of invasive BTCC cells 
and normal bladder transitional epithelial cells. 
A total of 126 differentially expressed genes 
were identified. To further elucidate the interac-
tion among the products of these genes and 
their role in the pathogenesis of BTCC, bioinfor-
matics database was employed to delineate 
the interaction network of these differentially 
expressed genes. The central nodes of this net-
work were screened and then their expressions 
were validated in exfoliated cells in the urine by 
real-time quantitative RT-PCR. 

Patients and methods

Clinical samples

All samples were collected from patients treat-
ed at the Department of Urology, People’s 
Hospital of Gansu Province from 2009 to 2012. 
The staging of cancer was performed according 
to the TNM classification [7] and grading to the 
WHO criteria [8] independently by two patholo-
gists blind to this study. Voided urine samples 
were obtained from consecutive patients with 
BTCCs in whom 32 samples were obtained 
from patients receiving during transurethral 
resection by cold-cup biopsy, and 40 from 
patients under the monitoring for bladder can-
cer recurrence. Eighty-three voided urine sam-
ples were also obtained as controls from 
patients with non-malignant diseases in whom 
bladder tumors were excluded by flexible cys-
toscopy. These control patients were diagnosed 
as having urinary tract infections (n=30), and 
other non-malignant urological diseases includ-

ing benign prostate hyperplasia, urolithiasis 
and neurogenic bladder (n=53). The mean age 
of BTCC patients and controls was 72 and 69 
years, respectively. Eighty-six percent of BTCC 
patients and 76% of controls were male. Written 
informed consent was obtained from each 
patient before surgery and the whole protocol 
was approved by the Ethics Committee of our 
hospital.

Extraction of high-quality RNA from samples

RNA was extracted from samples according to 
manufacturer’s instructions (Agilent), and the 
A260/A280 of extracted RNA was assured to 
be >1.80. The integrity of purified mRNA was 
determined with the Agilent2100 Bioanalytical 
System and the RNA integrity number (RIN) was 
>6.5 for all the samples. In the present study, 
the mRNA from 6 invasive BTCC tissues met 
the requirements for further detection, and 
used in the subsequent mRNA expression 
profiling.

Scanning of microarray and data extraction 
after hybridization

After hybridization, microarray was scanned 
with the Agilent Microarray Scanner and Agilent 
Scan Control at a resolution of 5 mm. Then, the 
images were transformed into data with Agilent 
Feature Extraction 10.5.1. The Grid Template 
Browser was “019118-D-F-20130608”, FE Pro- 
tocol Browse was “GE1-v5-91-0806”, the extr- 
acted were stored, and a quality-control report 
was generated. The quality control report of ea- 
ch microarray showed the hybridization signals 
were favorable.

Delineation of interaction network of differen-
tially expressed genes in BTCC

A total of 126 differentially expressed genes 
were identified between invasive BTCC and nor-
mal bladder transitional epithelial cells, of 
which 69 had up-regulated expression and 57 
had down-regulated expression. These genes 
were input into Bioinformatics Database 
STRING (http://string-db.org), and the interac-
tions of proteins encoded by these genes were 
analyzed. The nodes without interactions with 
other proteins were deleted, and the location of 
central nodes was adjusted to completely 
expose the interaction network. Then, the 
weighted gene co-expression network analysis 
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Figure 1. Treeview after cluster analysis of differentially expressed genes in several samples (Red: up-regulation; 
green: down-regulation). 

(WGCNA) was performed to delineate the inter-
action network.

ed after deleting a node, it was confirmed as a 
central node and then marked.

Figure 2. Normalized data of BTCC 22K 70-mer Oligo microarray assay. 

Selection of central nodes and 
investigations of their func-
tions

The network data were output 
and stored in the form of txt 
and then input into Cytoscape 
2.6.2. Hierarchic Layout was 
employed for analysis, and the 
central nodes were exposed 
and marked. After applying the 
organic mode, it is attempted 
to delete the nodes at the cen-
ter on the basis of connections 
from simple to complex, and 
the influence of these nodes 
on the network was observed. 
When the network structure 
became slack or even disrupt-
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Figure 3. Interaction network 
of differentially expressed 
genes in BTCC. 

Validation of central 
nodes in the network

Real time RT-PCR was 
employed to confirm the 
expression of central no- 
des with definite connec-
tion with the tumor. RNA 
markers with high over-
expression in stage Ta 
tumors and/or T1 to T4 
tumors but low expres-
sion in blood or inflamma-
tory cells were character-
ized by quantitative re- 
verse transcription-PCR 
using 2 mL of voided urine 
from 72 BTCCs patients 
and 83 controls with 
other urological diseases. 
Primers for PCR were syn-
thesized in Invitrogen 
company. Qiagen Rotor-
Gene SYBR Green RT-PCR 
kit was used for PCR. The 
mixture (25 ul) used for 
PCR included 2×Rotor-
Gene SYBR Green RT-PCR 
Master Mix (12.5 ul), 1 
umol/L forward primer, 1 
umol/L reverse primer, 
Rotor-Gene RT Mix (0.25 
ul), RNA (1 ul; 50 ng), and 
nuclease-free water. Ro- 
tor Gene 6000 thermal 
cycler was used for PCR 
at reverse transcription at 
55°C for 10 min. Then, 
the mixture was heated at 
95°C for 5 min to activate 
Hot Star Taq Plus DNA 
polymerase. Two-step me- 
thod was employed for 
PCR (denaturation at 95 
°C for 5 s, annealing/
extension at 60°C for 10 
s.

Statistical analysis

PCR results were quanti-
tatively determined throu- 
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gh Fisher linear discriminant analysis (LDA). 
This generated a formula (the linear discrimi-
nant, LD1) that is a linear combination of ΔCT 
values and can be used for discrimination of 
non-BTCC from BTCC. The sensitivity and speci-
ficity, as well as 95% confidence interval (CI), 
were determined using the LD1 values (for 
each marker or a combination of markers) and 
the distribution of these values across training 
runs. 95% CI for the sensitivity at a given speci-
ficity was obtained by calculating the 95% con-
fidence limit for the cutoff value (corresponding 
to that specificity) followed by calculation of 
95% CI for the sensitivity at a extreme cutoff 
value. LD1 values of each sample were ass- 
umed to be normally distributed across differ-
ent training runs. All analyses were done with 
the R package for statistical analysis (http://
www.r-project.org/). LDA and logistic regres-
sion (generalized linear model) analysis were 
performed with MASS package, and Receiver 
Operating Characteeristic (ROC) ROC package 
was used to analyze the sensitivity and spe- 
cificity.

Results

Microarray assay and Treeview of differentially 
expressed genes

The hybridization was detected and results 
showed the effective hybridization rate was 
higher than 99%. Of 6 samples, the number of 

identified genes (genes with signal >200 in 
more than 50% of samples) was 8613. Systemic 
cluster analysis showed Treeview of differen-
tially expressed genes (Figure 1) and normal-
ized data of microarray assay (Figure 2). 

Interaction network of differentially expressed 
genes in BTCC

The microarray includes a total of 21,639 
probes, and finally 126 differentially expressed 
genes were identified in BTCC of which 69 had 
up-regulated expression and 57 had down-reg-
ulated expression. Of these genes, the prod-
ucts of 103 genes showed interactions as 
shown after STRING screening, and they formed 
complex, multicentered interaction network 
(Figure 3). These genes located at the center of 
this network, and had extensive interactions 
with peripheral nodes and other central nodes.

Selection of potential diagnostic markers

After screening with Cytoscape, a total of 26 
central nodes were selected from the network 
(Table 1). Deleting these nodes caused slack 
structure. KEGG pathway analysis showed 
these genes involved a variety of biological pro-
cesses, and played important roles in the cell 
cycle regulation, cell signal transduction, 
tumorigenesis, cell proliferation and differenti-
ation, cytoskeleton formation, cell adhesion, 
focal adhesion formation, metabolism and 

Table 1. Central nodes of interaction network and their fold changes in BTCC by microarray assay
Change Differentially expressed genes Fold
Up-regulation BUB1B, IGF-1, NEK2, ST14 ≥10 fold

PRKR (EIF2AK2), EZH2, hTERT, VEGF ≥5 fold <10 fold
JUP, CCNB2, PPP1CA ≥2 fold <5 fold

Down-regulation ACTA2, MYLK, FN1, TGFBR2, HOXA13, TAGLN ≥10 fold
CAV1, VCL, COL4A2, SPARC, BLCA-4 ≥5 fold <10 fold

ROCK2, ITGAV, ABL1 ≥2 fold <5 fold

Table 2. Specificity of individual markers and uRNA-D 
Test Positives/total true Positives* (%)

Cytology positives (%)
IGF-1 hTERT BLCA-4 HOXA13 uRNA-D

Control group 14/83 (16.9) 19/83 (22.9) 14/83 (16.9) 1/83 (1.2) 16/83 (19.3) 0/83 (0)
BTCC group 61/72 (84.7) 65/72 (90.3) 65/72 (90.3) 64/72 (88.9) 65/72 (90.3) 61/72 (84.7)
Overall 85% 85% 85% 85% 85% 80%
Footnotes: *True Positives were defined as samples from patients who were positive for BTCC by flexible cystoscopy and biopsy.

http://www.r-project.org/
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Table 3. Sensitivity of individual markers and combined assay uRNA-D in the differentiation of BTCC at 
different stages and grades at 85% specificity 
BTCC 
presentation n

Mean percentage (95% confidence interval)
Cytology positives (%)

IGF-1 hTERT BLCA-4 HOXA13 uRNA-D
Stage Ta 31 52 (50-54) 66 (64-69) 91 (89-94) 34 (32-35) 68 (67-69) 4/31 (13)
Stage T1 15 65 (64-67) 90 (90-90) 90 (90-90) 36 (32-37) 90 (90-94) 6/15 (40)
Stage T2~T4 26 80 (80-80) 100 (100-100) 80 (80-80) 100 (10-100) 100 (100-100) 17/21 (81)
Grade 1 32 64 (63-67) 81 (79-83) 96 (94-97) 46 (43-47) 68 (67-69) 5/32 (16)
Grade 2 24 72 (70-75) 90 (89-93) 91 (88-93) 44 (44-44) 61 (60-62) 6/24 (25)
Grade 3 16 78 (75-80) 96 (95-98) 80 (78-82) 38 (36-39) 97 (95-98) 7/16 (44)
Footnotes: The mean sensitivities and 95% confidence intervals determined by LDA and cross-validation are shown. Fifty-three 
non-BTCC samples were included in this analysis. 

modification of nucleic acids and proteins, and 
ubiquitin-mediated proteolysis. Centroid clus-
tering was performed for an unsupervised hier-
archical cluster analysis of selected genes with 
fold change >3. Cluster analysis revealed that 
the refined genes formed clusters on the basis 
of their sensitivity to early diagnosis of BTCC 
and also successfully identified the bladder 
carcinoma at different stages or grades.

To test the abundance of these markers in the 
urine, QPCR was carried out using total RNA 
extracted from the urine samples of patients 
with confirmed BTCC and control patients. The 
human runt-related transcription factor (RUN- 
X3) and bladder cancer specific nuclear matrix 
protein 4 (BLCA-4) had the highest up-regula-
tion in both stage >T1 tumors and stage Ta-T1 
tumors. Topoisomerase II A (TOP2A) and cell 
division cycle 2 (CDC2) showed the highest up-
regulation in both stage >T1 tumors and stage 
Ta-T1 tumors, and also showed the least overlap 
between normal tissues and tumor tissues, 
and their expressions in 93% of >T1 tumors and 
88% of Ta-T1 tumors were greater than the 95th 
percentile of the expressions in normal urothe-
lium. Ras association domain family l Agene 
(RASSF1A) showed a high up-regulation in nor-
mal samples but had a poor ability to differenti-
ate BTCC from normal tissues, and only 45% of 
T2-T4 tumors had RASSF1A expression higher 
than the 95th percentile of expression in nor-
mal samples. Four candidate markers, insulin-
like growth factor 1 (IGF-1), human telomerase 
reverse transcriptase (hTERT), BLCA-4 and 
homeobox A13 (HOXA13), showed greater up-
regulation in stage Ta-T1 tumors than in stage 
>T1 tumors, with the greatest differential expr- 
ession of BLCA-4 and HOXA13. Based on the 

reproducibility of real time PCR, those genes 
that should be included in further difference 
analysis of marker accumulation between BTCC 
patients and controls were determined. IGF-1, 
hTERT, BLCA-4 and HOXA13 were finally confir- 
med in BTCC tissues, and used to stratify pat- 
ients into low- or high-risk groups.

Quantitative real-time PCR analysis

QPCR was performed to detect the candidate 
markers (IGF-1, hTERT, BLCA-4 and HOXA13). In 
addition to assessing the performance of indi-
vidual marker, LDA was used to develop a mul-
tivariate analysis of all four markers (designat-
ed uRNA-D). Sensitivities and specificities for 
each marker and uRNA-D were determined, 
and the characteristics of each analysis were 
further evaluated using ROC curves. Because 
of the potential effects on the characteristics of 
samples from patients with urinary tract infec-
tions, sensitivities and specificities were ana-
lyzed in the absence or presence of 30 samples 
from patients with infections. Results showed 
the ROC curves for the detection of BTCC at 
stage Ta-T1, >T1, grade 1, grade 2, and grade 3 
in the absence of these samples (72 BTCC and 
53 normal controls). The sensitivity of each 
marker and their combination in this cohort of 
72 BTCC and 53 normal controls was shown in 
Table 2 with a specificity of 85%. At this speci-
ficity, hTERT and IGF-1 were the unique markers 
with the highest sensitivity for high-stage/high-
grade BTCC, and 87% of grade 3 tumors, 90% 
of stage T1 tumors and 100% of stage >T1 
tumors could be identified with hTERT.

At the same specificity used in Table 3, the 
inclusion of patients with infection into the non-
BTCC control group had minor effects on the 
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sensitivity of BLCA-4, HOXA13 and IGF-1. BLCA-
4 and HOXA13 showed small improvements in 
sensitivity, and hTERT showed no more than a 
3% loss in the performance for cancers at any 
stage or grade. There was, however, a signifi-
cant change in IGF-1 (an average 10% decrease) 
in the sensitivity across tumors at different 
stages and grades. The effect of uRNA-D was 
intermediate for the single marker analysis, 
showing 2% and 5% decrease in the sensitivity 
in the detection of BTCC of grade 1-2 and grade 
3, respectively (Table 4). Analysis of ROC 
curves, generated from 72 BTCC samples and 
either 53 non-infection controls or 30 infection 
samples alone, confirmed that infection sam-
ples had no negative effects on the overall sen-
sitivity of BLCA-4 and HOXA13 in the 80%-100% 
specificity range and only a minor effects on 
the IGF-1 and uRNA-D (Figure 4).

The specificity of each marker and uRNA-D for 
different non-BTCC control groups was shown 
in Table 2. When the specificity for all control 
samples was set at 85%, the specificity for 
infection samples alone ranged from 75% for 
BLCA-4 to 100% for HOXA13; uRNA-D exhibited 
an intermediate specificity for 80% of infection 
samples. No significant difference was found in 
the marker specificities between patients with 
non-BTCC cancers and benign urinary tract dis-
eases. In summary, these results indicated that 
the combination of these markers (IGF-1, 
hTERT, BLCA-4 and HOXA13) leads to a better 
sensitivity than one marker alone does. In each 
case, the greatest accuracy in discriminating 
difference classes was provided through the 
introduction of HOXA13 and BLCA-4 to the 

analysis. These findings suggest that IGF-1, 
hTERT, BLCA-4, HOXA13 and their combination 
may provide greater sensitivity than single 
marker and also provide a means to differenti-
ate low-grade Ta tumors from those of high gra- 
de or having an invasive phenotype.

Real time quantitative RT-PCR showed the det- 
ection rates of some known genes (IGF-1, hTE- 
RT, BLCA-4 and HOXA13) for BTCC at Ta, T1 and 
>T1 stages were 48%, 90% and 100%, respec-
tively, with a specificity of 85%. The test speci-
ficity was 80% for 30 control patients with urina- 
ry tract infections. The combination of BLCA-4 
and HOXA13 could distinguish between low- 
and high-grade tumors, with specificity and sen- 
sitivity of 80%.

Discussion

The identification of bladder cancer by detect-
ing urine samples has two distinct problems. 
First, the cancer ranges from small highly dif-
ferentiated polyps with low malignant potential 
to high grade in situ carcinomas and highly 
invasive, poorly differentiated tumors. These 
different types of tumors are usually character-
ized by differences in gene and protein expres-
sion patterns. Second, the cellular content of a 
urine sample is affected by the size and histo-
logic characteristics of the tumor, the presence 
of blood and inflammatory cells, and the num-
ber of exfoliated non-malignant urothelial cells 
in the urine [9]. The challenge is to develop a 
test that not only accounts for the tumor het-
erogeneity but exhibits a high specificity in a 
clinical setting where frank and occult urinary 
tract infections and hematuria are common. 

Table 4. Sensitivity of individual markers and combined assay uRNA-D in the differentiation of BTCC 
different stages and grades at 85% specificity in the presence of samples from patients with urinary 
tract infections

BTCC presentation n
Mean percentage (95% confidence interval)

IGF-1 hTERT BLCA-4 HOXA13 uRNA-D
Stage Ta 31 48 (45-49) 65 (62-66) 92 (90-94) 40 (38-40) 67 (65-68)
Stage T1 15 65 (64-67) 90 (90-90) 90 (90-90) 40 (36-40) 89 (86-89)
Stage T2~T4 26 80 (80-80) 100 (100-100) 80 (80-80) 100 (100-100) 100 (100-100)
Grade 1 32 62 (60-64) 80 (79-83) 97 (95-97) 49(47-50) 67 (66-69)
Grade 2 24 68 (65-69) 88(85-88) 93 (89-93) 44 (44-44) 61 (61-61)
Grade 3 16 77 (75-80) 93 (90-93) 80 (78-82) 46 (44-46) 94 (90-94)
Footnotes: The mean sensitivities and 95% confidence intervals determined by LDA and cross-validation are shown. All 83 non-
BTCC samples, including 30 infection samples, were included in the analysis.
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Figure 4. ROC for the detection of stage Ta-T1 tumors (A), stage T2-T4 tumors (B), grade 1-2 tumors (C), and grade 3 
tumors (D). Seventy-two TCC and 53 non-TCC samples were used in each analysis. Dotted vertical lines in A and C 
showed results at 90% specificity.

We reasoned that a combination of over-
expressed markers with low expression in the 
blood and inflammatory cells would provide the 
basis for a urine test with these markers.

In the present study, a genome-wide gene expr- 
ession database was employed for the marker 
selection to avoid any selection bias. A total of 
126 differentially expressed genes were input 
STRING database and screening showed about 
2/3 of differentially expressed genes had inter-
actions. KEGG pathway analysis revealed 26 
central nodes of the interaction network of 
these genes were involved in a variety of bio-
logical processes related to tumorigenesis and 
play important roles in a lot of signaling path-
ways. The four genes with the largest alteration 
in their expression between BTCC and normal 
bladder mucosa were IGF-1, hTERT, BLCA-4 and 
HOXA13, all of which are crucial for the tumori-
genesis. This suggests that the tumorigenesis 
of BTCC is dominated by some genes as in 

other cancers and has involvement of changes 
in gene expression and regulation of multiple 
signaling pathways.

Highly sensitive qPCR has shown its ability to 
determine the stage and grade of tumors and 
to distinguish malignant tumors from benign 
tumors. Among the highly over-expressed ge- 
nes selected for qPCR analysis, four were fur-
ther verified, particularly in tumors at stage 
T1-T4. Results showed the results of quantitative 
PCR were consistent with those from microar-
ray assay. Genes (such as IGF-1, a gene involved 
in cell growth and proliferation and a potent 
inhibitor of programmed cell death) showed 
high expression in a majority of tumors exam-
ined [10-13]. Whereas the hTERT expression 
was variable, and its up-regulation was only 
observed in a fraction of tumors [14]. HOXA13, 
a transcriptional factor, is involved in the mor-
phogenesis and differentiation of genitourinary 
tracts [15]. BLCA-4 is a bladder cancer specific 
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nuclear matrix protein, which is a cancellated 
component and affects diverse processes 
including development, differentiation and sur-
vival of cancer cells [16, 17]. Our findings indi-
cated the expressions of HOXA13 and BLCA-4 
were elevated in stage Ta tumors. The protein 
expressions of IGF-1, hTERT, BLCA-4 and 
HOXA13 were also examined by Western blot 
assay. The protein and mRNA expressions of 
target genes were also detected in the exfoliat-
ed urothelial cells of BTCC patients and con-
trols, indicating a strong correlation in the 
results between microarray assay and protein 
detection.

ROC showed that, in the 90%-100% specificity, 
HOXA13 and BLCA-4 showed a better perfor-
mance in the detection of Ta/low-grade tumors 
than either IGF-1 or hTERT. In contrast, IGF-1 
and hTERT were closely related to the highly inv- 
asive and high-grade tumors. To develop a test 
with good performance for both early and late 
stage cancers, LDA was used to develop algo-
rithms that incorporated all four markers. The 
combined test, uRNA-D, showed more sensitive 
or specific than any individual gene. The sensi-
tivity of uRNA-D was higher than urine cytology 
across all stages and grades of BTCC as uRNA-
D detected 90% of stage T1 cancers (85% spec-
ificity) compared to 40% by cytology (Table 3). 
With this caution in mind, comparison of data 
presented here with those published suggest-
ed that uRNA-D might have better performance 
than the UroVysion fluorescence in situ hybrid-
ization (FISH) assay in the detection of primary 
TCC at equivalent specificities: uRNA-D detect-
ed 60% and 92% of primary Ta and T1 tu- 
mors, respectively, compared to 59% and 73% 
by FISH assay [18-20]. Compared to the UroVy- 
sion FISH assay, uRNA-D had comparable per-
formance across grades. Because the charac-
teristics of BTCC patients and controls were dif-
ferent in a variety of studies, the reported res- 
ults would be only used as references in the 
screening of BTCC patients with these mark- 
ers.

The contamination of blood or inflammatory 
cells is one of limitations in the clinical applica-
tion of many screening tests for bladder cancer, 
including urine cytology, BTA-Stat, and NMP22 
[21, 22]. Given the known inaccuracy in dis-
criminating BTCC at stage Ta from those at 
stage T1 with clinical utility, the prediction of 

stage or grade at the time of initial screening 
may enable the patients with suspected BTCC 
to receive urgent cystoscopy. Though the 
results presented here are required to be fur-
ther validated in future studies, particularly in 
patients with hematuria and other urological 
conditions, our findings may provide evidence 
for the early diagnosis of BTCC in clinical 
practice.

Taken together, this study delineates the inter-
action network of differentially expressed 
genes in BTCC, and central nodes are identified 
from this network and further validated in the 
urine samples. Our findings provide evidence 
for not only the elucidation of pathogenesis of 
invasive BTCC, but for the early diagnosis and 
molecular targeted therapy of bladder cancer.
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