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ABSTRACT. Bladder cancer is a highly heterogeneous neoplasm. We
examined the gene expression profile in 3 bladder cancer stages (Ta, T1, T2)
using expression microarray analysis of 40 bladder tumors. Differentially
expressed genes were found by the #test, with <0.005 as the significance
threshold. KEGG pathway-enrichment analysis was used to study the
signaling pathways of the genes. We found 36 genes that could be used as
molecular markers for predicting the transition from Ta-T1 to T1-T2. Among
these, 11 overlapped between Ta-T1 and T1-T2 stages. Six genes were down-
regulated at the Ta-T1 stage, but were up-regulated at the T1-T2 stage (ANXAS,
ATP6VIB2, CTGF, GEM, IL13RAI, and LCPI); 5 genes were up-regulated at
the Ta-T1 stage, but down-regulated at the T1-T2 stage (4CPP, GNL1, RIPK]1,
RAPGEF3, and ZERI). Another 25 genes changed relative expression levels
at the T1-T2 stage. These genes (including COLIAI, COLIA2, FNI1, ITGAS,
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LGALSI, SPP1, VIM, POSTN, and COLI8A41) may be involved in bladder
cancer progression by affecting extracellular matrix-receptor interaction and
focal adhesion. The cytokine-cytokine receptor interaction, neuroactive ligand-
receptor interaction, and calcium-signaling pathway were associated with
bladder cancer progression at both the Ta-T1 and T1-T2 stages.
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INTRODUCTION

Bladder cancer is the most common malignancy of the urinary tract. The incidence rate is
10.1 per 100 men and 2.5 per 100 women (Ramirez-Backhaus et al., 2012). Bladder cancer consists
of highly heterogeneous tumors. Approximately 70-80% of bladder tumors are superficial. Among
them, 70% present as Ta lesions located only in the mucosa, 20% present as T1 lesions located
in the submucosa, and only 10% present as carcinoma in situ lesions (Kirkali et al., 2005). While
patients belonging to the first 2 groups have a high risk of recurrence after treatment (50% for Ta
tumors; 70% for T1 tumors), but a low disease progression rate (10% for Ta tumors; 30% for T1
tumors), patients diagnosed with concomitant carcinoma in situ lesions have an increased risk of
disease progression to a muscle invasive stage. The remaining 20-30% of bladder tumors show
muscle infiltration at the time of initial presentation (T2-4). Half of these patients already harbor
or will eventually develop distant metastases (Kirkali et al., 2005). Therefore, it is important to ac-
curately predict the course of disease and to provide appropriate treatment regimens for patients.

Recent studies have revealed that superficial or invasive bladder cancers are associated
with distinct genotypic and phenotypic patterns. Superficial tumors are characterized by gain-
of-function mutations affecting oncogenes such as HRAS (Burchill et al., 1994), FGFR3 (van
Rhijnetal., 2001), and PIK3CA (Lopez-Knowles et al., 2006). In addition, candidate suppressor
genes mapping to the long arm of chromosome 9, such as 7SCI (Hornigold et al., 1999), PTCH
(McGarvey et al., 1998), DBCI (Louhelainen et al., 2006), and /NK4A4 (Orlow et al., 1999),
also appear to be involved, at least in the initiation of certain papillary non-invasive neoplasms.
In contrast, invasive tumors are associated with loss-of-function mutations, affecting tumor
suppressor genes such as 7p53, RB (Castillo-Martin et al., 2010), and PTEN (Han et al., 2008).
Some oncogenes, including HDM?2 (Sanchez-Carbayo et al., 2007), E2F genes (e.g., E2F1
and E2F3), and AKT (Askham et al., 2010), which affect the P53, RB, and PTEN pathways,
respectively, have also been reported to be involved in the progression of these neoplasms.

Numerous biological markers have been identified and correlated to some extent with
tumor stage. However, the power of many of these markers in predicting the clinical outcomes
of individual tumors is limited because of low specificity. Therefore, alternative markers are
still needed for the detection of the disease and for predictive purposes. One potential ap-
proach to identify such markers involves the molecular profiling of tumors at different stages
by high-throughput technologies such as microarray analysis of gene expression. In this study,
we aimed to use microarray data to identify specific molecular markers of the various stages
of bladder cancer. The Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway-enrich-
ment analysis was also performed to explore the signaling pathways in which the differentially
expressed genes may be involved. We anticipate that these studies will provide a more com-
prehensive understanding of bladder tumor stage transition.
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MATERIAL AND METHODS
Affymetrix microarray data

Affymetrix bladder tumor microarray datasets were obtained from the National Cen-
ter for Biotechnology Information (NCBI) Gene Expression Omnibus data repository (http://
www.ncbi.nlm.nih.gov/geo/) using the series accession number GSE89. The tissue samples
used for microarray analysis were classified into 3 categories: Ta with superficial growth (pap-
illary tumor limited to mucosa, without penetration into the lamina propria), T1 or intermedi-
ary growth (with extension into but not beyond lamina propria), and T2 or invasive growth
(tumor with invasion into superficial muscle layers). The 40 tissue samples used for the micro-
array study consisted of 20 Ta, 11 T1, and 9 T2 tumors.

Array normalization and statistical analysis of differentially expressed genes (DEGs)

Raw gene expression data were normalized using the Robust Multiarray Average
method implemented in the Affymetrix package. The significance of gene expression differ-
ences for the 3 pairwise comparisons made (Ta-T1, Ta-T2, and T1-T2) was tested by the #-test
and the P values were adjusted for multiple comparisons using the false-discovery rate (FDR)
of Benjamini and Hochberg (1995). FDR-corrected P values <0.05 were considered to be
statistically significant.

Protein-protein interaction (PPI) data

The Human Protein Reference Database (HPRD) is a protein database accessible
through the internet (http://www.hprd.org/). PPI data were collected from the HPRD database,
which provides 37,041 interactions for 9,518 proteins.

KEGG pathway-enrichment analysis

The KEGG (http://www.genome.jp/kegg/) is a collection of online databases of ge-
nomes, enzymatic pathways, and biological chemicals. The ‘pathway’ database, which con-
tains approximately 300 biological pathways, records the networks of molecular interactions
in cells as well as their variants specific to particular organisms. SubpathwayMiner (Li et al.,
2009) was used to convert metabolic pathways to enzyme-enzyme (KEGG Orthology, KO-
KO) pathway graphs, with enzymes as nodes and compounds as edges. The K-Cliques method
was used to identify sub-pathways based on pathway structure data provided by KEGG, with
the K value setting as 3. FDR <0.005 was considered as the significance threshold.

RESULTS
DEGs in the Ta-T1, Ta-T2, and T1-T2 transitions

DEGs at the 3 transitions (Ta-T1, Ta-T2 and T1-T2) were identified by the #-test us-
ing an FDR-corrected P value <0.05 as the significance threshold. We identified 2055 DEGs
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at the Ta-T1 transition, of which 940 genes (45.7%) were down-regulated and 1115 genes
(54.3%) were up-regulated. In the Ta-T2 comparison, 1876 DEGs were identified, of which
934 genes (49.8%) were down-regulated and 942 genes (50.2%) were up-regulated. Only
38 DEGs were identified at the T1-T2 transition, of which 12 genes (31.6%) were down-
regulated and 26 genes (68.4%) were up-regulated.

Venn diagrams were used to display the DEGs that overlapped between the Ta-T1,
Ta-T2, and T1-T2 comparisons (Figure 1). We found that 13 genes overlapped between the
Ta-T1 and T1-T2 transitions. However, 11 of these genes showed expression changes in oppo-
site directions at the 2 transitions. Six genes were down-regulated at the Ta-T1 transitions, but
up-regulated at the T1-T2 transition. On the contrary, 5 genes were up-regulated at the Ta-T1
transition, but down-regulated at the T1-T2 transition (Table 1). Only CCNG2 and CLCN3 were
both down-regulated at both transitions. Similarly, 21 DEGs were common to the Ta-T2 and
T1-T2 transitions. However, the direction of expression change of these 21 genes was similar
at both transitions, with 5 genes showing down-regulation and 16 showing up-regulation (Table
2). Importantly, 1202 DEGs were common to the Ta-T1 and Ta-T2 comparisons, of which, the
expression profiles of 2 genes (CCNG2 and CLCN3) changed in all 3 comparisons (Figure 1).

Ta-T1 Ta-T2
(2055) (1876)
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COLI1A1
COLI1A2
EMP3
v FCERIG
FN1
o ms
ATP6VIB2 TTEens
o LGALSI
CLCN3 MT2A
CTGF BEE
Lt TGFBI
GNL1 TNFRSF1B
TL13RA1 SIM
LCP1 IF130
mapen POSTN
RAPGEF3 T1-T2 FREN
sy METAP1
(38) COLI18AL
13 T

Figure 1. Venn diagram showing overlap of genes differentially expressed in Ta-T1, Ta-T2, and T1-T2.

PPI network and pathway-enrichment analysis

Because the expression of 1200 genes was found to be dysregulated (up-regulated
or down-regulated) at the Ta-T1 and Ta-T2 transitions, we attempted to investigate their
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potential biological functions by constructing a PPI network and by performing a pathway-
enrichment analysis. The results indicated that the PPI network with the largest connected
component included 487 nodes and 792 edges, and that 60% of the genes (290) within this
component were in the KEGG pathway database (Figure 2). Furthermore, we analyzed 4
topological properties - degree, betweenness, closeness, and cluster coefficient - of the 487
genes whose expression was dysregulated in all 3 comparisons as well as other genes in-
cluded in the PPI network (Figure 3). We found that the 4 topological property values of
the genes whose expression was dysregulated in all 3 comparisons were higher than that of
all genes in the PPI network. This suggests that these dysregulated genes are located at an
important topological site in the PPI network, and thus, may play an important role in blad-
der cancer development.

Table 1. Changes in expression of 13 genes at Ta-T1 and T1-T2 stages.

Gene ID Symbol Ta-T1 T1-T2 Same direction
901 CCNG2 Down Down Yes
1182 CLCN3 Down Down Yes
308 ANXAS Down Up No
526 ATP6VIB2 Down Up No
1490 CTGF Down Up No
2669 GEM Down Up No
3597 ILI3RA1 Down Up No
3936 LCPI Down Up No
55 ACPP Up Down No
2794 GNLI1 Up Down No
8737 RIPK1 Up Down No
10411 RAPGEF3 Up Down No
10444 ZERI Up Down No

Table 2. Changes in expression of 21 genes at Ta-T2 and T1-T2 stages.

Gene ID Symbol Ta-T2 T1-T2 Same direction
901 CCNG2 Down Down Yes
1182 CLCN3 Down Down Yes
3423 IDS Down Down Yes
10935 PRDX3 Down Down Yes
23173 METAPI Down Down Yes
929 CD14 Up Up Yes
1277 COLIAI Up Up Yes
1278 COLIA2 Up Up Yes
2014 EMP3 Up Up Yes
2207 FCERIG Up Up Yes
2335 FN1 Up Up Yes
3678 ITGAS Up Up Yes
3956 LGALSI Up Up Yes
4502 MT24 Up Up Yes
6696 SPP1 Up Up Yes
7045 TGFBI Up Up Yes
7133 TNFRSFIB Up Up Yes
7431 VIM Up Up Yes
10437 IFI30 Up Up Yes
10631 POSTN Up Up Yes
80781 COL18A41 Up Up Yes
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Figure 2. Protein-protein interaction network and matched biological pathway at Ta, T1, and T2 stages. The
different colors indicate the matched biological pathway for these genes. The gray node indicates that genes were
not annotated into matched biological pathway.
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Figure 3. Four topological properties of bladder cancer-related genes at 3 stages in the protein-protein interaction
(PPI) network. A. Degree; B. betweenness; C. closeness; D. cluster coefficient. In these 4 topological properties,
the expression of bladder cancer-related genes at 3 stages was higher than that of other genes in the PPI network.
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Through the pathway-enrichment analysis, 43 pathways, including cytokine-cytokine
receptor interaction, neuroactive ligand-receptor interaction, the calcium-signaling pathway,
the insulin-signaling pathway, the MAPK-signaling pathway, and the JAK-STAT-signaling
pathway, among others (Table 3, only the top 10 pathways are listed), were found to play an
important role at various stages of bladder cancer.

Table 3. KEGG pathway-enrichment analysis (the top 10 pathways) for 1200 differentially expressed genes.

Pathway ID Pathway name P value FDR

path:04060 Cytokine-cytokine receptor interaction 1.20E-10 3.56E-09
path:04080 Neuroactive ligand-receptor interaction 2.53E-12 3.56E-09
path:04020 Calcium-signaling pathway 1.46E-10 1.23E-08
path:04910 Insulin-signaling pathway 1.17E-09 4.23E-08
path:04010 MAPK-signaling pathway 2.26E-08 1.02E-06
path:04630 JAK-STAT-signaling pathway 1.45E-09 1.02E-06
path:04062 Chemokine-signaling pathway 1.27E-07 3.82E-06
path:04720 Long-term potentiation 2.88E-08 3.82E-06
path:04810 Regulation of actin cytoskeleton 1.85E-07 3.82E-06
path:04260 Cardiac muscle contraction 5.90E-06 7.58E-05

FDR = false-discovery rate.

Additionally, of the 38 genes identified as DEGs at the T1-T2 transition, 13 genes also
showed differential expression at the Ta-T1 transition, whereas 25 genes showed differential
expression exclusively at the T1-T2 transition. Therefore, we also performed the functional
annotation of these 25 genes and found them to be involved in 2 important pathways: extracel-
lular matrix (ECM)-receptor interaction and focal adhesion.

DISCUSSION

In this study, we aimed to investigate the changes in gene expression at the different
stages of bladder cancer. We found the expression of 11 genes to be dysregulated in both the
Ta-T1 and T1-T2 transitions, although these changes occurred in opposite directions in the
2 comparisons. Six genes were down-regulated at the Ta-T1 transition, but up-regulated at
the T1-T2 transition (ANXAS, ATP6VIB2, CTGF, GEM, ILI3RAI, and LCPI). On the other
hand, 5 genes were up-regulated at the Ta-T1 transition but down-regulated at the T1-T2
stage (ACPP, GNLI, RIPK1, RAPGEF3, and ZERI). These results suggest that the expression
changes in these 11 genes may play an important role in the transition from the Ta to T1 stage
and from the T1 to T2 stage. These expression changes are in accordance with previous studies
as the following described.

ANXAS5 (Annexin 5) is used as a genetic marker of apoptosis and has been shown to
influence susceptibility to apoptosis and the pro-inflammatory activities of apoptotic cells. Al-
terations in apoptotic pathways contribute to tumorigenesis and tumor progression, as they allow
cancerous cells to survive longer, resist normally harmful stresses, and become more invasive.
The expression of ANXAS is relatively high in node-positive bladder tumors (Mitra et al., 2006).

Connective tissue growth factor (CTGF) is a cysteine-rich secretory protein that can
induce the proliferation, migration, and adhesion of and tube formation by vascular endothe-
lial cells in culture. In addition, CTGF, in conjunction with other proteins, has been reported to
contribute to bone metastasis, which can convert lowly metastatic breast cancer cells to highly
metastatic cells.
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GTP-binding protein overexpressed in the skeletal muscle (GEM) belongs to the
RAD/GEM family of GTP-binding proteins. It is associated with the inner face of the plasma
membrane and is thought to play a role in the regulation of receptor-mediated signal trans-
duction (Maguire et al., 1994). Overexpression of mouse GEM is found to induce invasive
pseudohyphal growth in Saccharomyces cerevisiae (Dorin et al., 1995). GEM is also found to
revert the anchorage-independent growth and invasiveness of vascular endothelial zinc finger
1 transformed fibroblasts (Ward et al., 2002).

IL13RA1 is a subunit of the interleukin (IL)-13 receptor. This subunit forms a recep-
tor complex with the IL-4 receptor alpha, a subunit shared by the IL-13 and IL-4 receptors
(Obiri et al., 1997). This protein has been shown to bind tyrosine kinase (Hajoui et al., 2007),
and thus may mediate the signaling pathways that lead to the activation of JAK1, STAT3, and
STAT6 upon induction by IL-13 and IL-4. Activation of the JAK-STAT pathway can contrib-
ute to oncogenesis and tumor progression (Huang, 2007).

L-plastin (LCP1) is an actin-bundling protein that is abundantly expressed in hema-
topoietic cell lineages, and is overexpressed in many types of solid malignancies in humans.
LCPI is up-regulated in prostate cancer (Lin et al., 2000) and has been suggested to be a
potential marker for metastasis in colorectal cancer (Otsuka et al., 2001). Bladder cancer tis-
sue microarray analysis also indicates that LCP1 expression is significantly correlated with
tumor grade (Harris et al., 2005, 2008). Prostatic acid phosphatase (ACPP) is an enzyme
that catalyzes the conversion of orthophosphoric monoester to alcohol and orthophosphate.
Its synthesis is regulated by androgen, and it is secreted by the epithelial cells of the prostate
gland. In this study, we found that ACPP expression was up-regulated at the Ta-T1 transition
but down-regulated at the T1-T2 transition. This difference may be attributed to the fact that
advanced disease tends to be more anaplastic, thus causing the cells of advanced tumors to
lose their capacity to synthesize this enzyme (Lange and Winfield, 1987).

Peroxiredoxins (PRDXs) are antioxidant enzymes that have an important role in cell dif-
ferentiation, proliferation, and apoptosis. They are localized in the mitochondria. Enhanced PRDX 1
and VI expression is positively associated with a low rate of bladder cancer progression. Therefore,
the down-regulation of the expression of PRDXs, such as PRDX3, may lead to cancer progression.

Because the expression of 1200 genes was found to be dysregulated at the Ta-T1 and
Ta-T2 transitions, we further explored the pathways in which these genes may be involved. We
identified 43 pathways, including cytokine-cytokine receptor interaction, the MAPK-signaling
pathway, and the JAK-STAT-signaling pathway among others, to play an important role at the
various stages of bladder cancer. These pathways have been demonstrated in previous studies
(Nord et al., 2010) to be involved in tumor progression. For example, epidermal growth fac-
tor (EGF) is a potential mitogen for many different human tumors. Its effect is mediated via a
bispecific receptor, the EGF receptor (EGFR), whose expression correlates well with invasive
bladder cancer. The proteins interferon-gamma, tumor necrosis factor-alpha, and IL-1a can
decrease the expression of EGFR in some bladder tumor cell lines, thus inhibiting invasive
tumor (Alexandroff et al., 1995). Toll-like receptor 4 (TLR4) and B7-H1, which are known
from previous studies to be restricted to immune cells, are found to be aberrantly expressed in
a bladder cancer, facilitating tumor evasion from immune surveillance and tumor progression.
Activation of TLR4 signaling in bladder cancer cells up-regulated B7-H1 expression and this
regulation is significantly attenuated by mitogen-activated protein kinase 1 (MAPK 1) and
MAPK 8 inhibitors. In addition, the activation of TLR4 signaling results in the phosphoryla-
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tion of MAPK and PI3K pathway proteins and the up-regulation of IL-6 in a dose- and time-
dependent manner. All these proteins have been correlated with tumor grade in bladder cancer
(Qian et al., 2009).

Furthermore, we focused our attention on the 38 genes identified as DEGs at the
T1-T2 transition. Of these 38 genes, 13 genes also showed expression changes at the Ta-T1
transition, whereas 25 genes showed dysregulated expression exclusively at the T1-T2 transi-
tion. This suggests that these 25 genes may be crucial markers of the T1-T2 transition. We also
explored the functions of these genes by KEGG pathway-enrichment analysis. We identified
2 important pathways through this analysis - ECM-receptor interaction and focal adhesion.

The interaction between tumor cells and ECM proteins, such as laminin, fibronectin,
and collagen, plays a crucial role in tumor invasion and metastasis (Guiet et al., 2011). This in-
teraction is facilitated through cell surface receptors such as integrins (Stipp, 2010). Therefore,
laminin, fibronectin, collagen, and integrins may be involved in ECM-receptor interaction and
the focal adhesion pathway.

As expected, we found the genes COLIAI, COLIA2, FNI, ITGAS5, LGALSI, SPP1,
VIM, POSTN, and COLI18A1 to be up-regulated at the Ta-T2 and T1-T2 transitions. Collagen
type I, the most abundant molecule within the collagen family, is a heterotrimer with 2 ol
chains and 1 o2 chain. This type of collagen represents the major fibrillar component of the
stroma in most solid malignancies. In some aggressive tumors, collagen type I is overexpressed
and plays a role in tumor development (Yang et al., 2007; Liang et al., 2008). Overexpression
of FNI has been found to correlate with a high histologic grade and an invasive phenotype
(Kim et al., 2005). Niu et al. (2009) also identified differences in FNI expression between
superficial bladder transitional cell carcinoma and normal urothelial cells. They show that FN/
is up-regulated in tumor cells and is involved in the focal adhesion pathway. A correlation is
also found between increased /7GAS5 expression and histological stage. /TGAS is positive in 6
(35.3%) of the 17 invasive transitional cell carcinoma but in only 1 (5.9%) of the 17 superficial
transitional cell carcinoma. Galectin-1 is a protein that in humans is encoded by the LGALS!
gene. Galectin-1 mRNA levels are highly increased in most high-grade tumors as compared
with normal bladders or low-grade tumors (Cindolo et al., 1999). Memon et al. (2005) also
reported that expression of galectin-1 increases in the later stages of bladder cancer. Constitu-
tive expression of OPN [also known as secreted phosphoprotein 1 (SPP1)] has been reported
to be involved in the tumor carcinogenesis and metastasis of multiple human malignancies
(Oates et al., 1997). SPP1 has been shown to be over-expressed in bladder cancer, and grade-3
tumors present higher SPP/ mRNA levels as compared to grade-2 tumors. Vimentin (VIM) is
transcriptionally upregulated by ZEB?2 in tumors, and expression of VIM is confined to muscle-
invasive disease. Periostin (POSTN) encodes a secreted 90-kDa protein initially identified in
a mouse osteoblastic library as a putative bone adhesion protein. Binding of POSTN to aV[33
and aVBS5 integrins has been reported to promote cell adhesion and spreading. Higher POSTN
expression levels are correlated with increased tumor aggressiveness and/or poorer survival in
several malignant tumors (Tilman et al., 2007).

In conclusion, we have identified 36 genes that show differential expression in the
transition of bladder cancer from the Ta to T1 stage and from the T1 to T2 stage. There-
fore, these genes may serve as molecular markers for predicting tumor stage and progression.
Eleven of these 36 genes are common to the Ta-T1 and T1-T2 transitions. However, they
show expression changes in opposite directions at the 2 transitions. Twenty-five genes show
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differential expression exclusively at the T1-T2 transition. These genes may be involved in
bladder cancer progression by affecting ECM-receptor interaction and focal adhesion. Im-
portantly, cytokine-cytokine receptor interaction, neuroactive ligand-receptor interaction, the
calcium-signaling pathway, the insulin-signaling pathway, the MAPK-signaling pathway, and
the JAK-STAT-signaling pathway, among others, are associated with bladder cancer progres-
sion, irrespective of tumor stage.
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