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Abstract

‘We have previously identified the common gene expression profiles among patients with non-muscle invasive and muscle invasive transitional cell carcinoma (TCC)
of the urinary bladder, of both low and high grade. In the present work, we used computational tools and performed bioinformatics analysis to further investigate the
presence of common Transcription Factor Binding Motifs (TFBMs) among the same TCC samples, as well as to identify the uniquely presented TFBMs in each
tumor type. Gene expression data derived from four publicly available datasets were also included in our study. Cancerous samples were divided into five categories,
according to their histology and metastatic potential. Our analysis revealed uniquely annotated transcription factors (TFs) with respect to each tumor category. We
found that genes located in chromosomes 5,11, 15,17, 18 and X could be critically implicated in the progression of the disease. In particular, our data revealed that
TCC of the urinary bladder implicates genes with hormone-dependent properties as well as inflammatory genes and cell cycle dependent machinery, which might
play a significant role in its ontogenesis or progression. Such computational approaches could be very useful in the prediction of more targets suitable for prognostic

or therapeutic purposes of the disease.

Introduction

Cancer of the urinary bladder (BC) affords the fifth most common
cancer in men with peak prevalence among patients 60-70 years
of age. The disease is curable if diagnosed at an early stage [1]. The
majority of the tumors (~90%) arise from the transitional epithelium
(TCC), whereas the remaining 10% are squamous cell carcinomas,
adenocarcinomas, sarcomas, or small cell carcinomas [2]. The
behavior of TCC is highly diverse and defined by two separate, but
related processes: tumor recurrence and progression. At presentation,
75-85% of tumors is restricted to the mucosa, or invades the lamina
propria mucosae. The remainder is either present with invasion of the
muscular layer of the bladder wall or is extended to perivesical tissue,
adjacent organs and the pelvic wall. More than 60% of the superficial
tumors will recur at least once and progress to less differentiated or
invasive neoplasms with worse prognosis in a significant percentage of
patients [2]. The most useful prognostic parameters are tumor grade,
stage, size, prior recurrence rate and the synchronous presence of in
situ carcinoma (CIS) [3,4]. Nevertheless, a better understanding of
the natural history of TCC can be expected upon the elucidation of its
molecular mechanisms.

Several studies have focused on the expression profiling of
BC, aiming to classify the different types, to define the biological
phenotypes and to identify patterns of gene expression in superficial,
muscle-invasive and metastasizing TCC [5]. Although different tumor
types are expected to have differences in their expression profiles,
even between individuals of the same tumor type, we hypothesized
that tumors could possess similar characteristics that may eventually
lead to the understanding of the aetiologies underlying carcinogenesis.
Chromosome mapping is a promising method for the identification of
patterns among genes, including TFBMs. The main idea is to map genes
on the chromosomal regions and if correlations between them exist,
they will appear through the location of genes on the chromosomal
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regions, since consecutive genes are often similarly expressed [6].
Therefore, we searched for common TFBMs in the promoter regions
of genes that were co-deregulated in non-muscle invasive (T1) and
muscle invasive (T2-T4) transitional cell carcinomas of low and high
grades.

Materials and methods

Biological samples, microarray data and publicly available
datasets

Our analysis included ten transitional cell carcinomas of the
urinary bladder with different histology (T1-grade 1/2, T1/2-grade
3, T3-grade 3), five normal urothelium samples (controls) and the
respective microarray data, as previously reported in detail [7-9].
The experimental setup was analyzed based on the reference-design
[10]. All tumor samples were compared against the mean value of
the controls. All microarray data are MIAME compliant and were
deposited to the GEO microarray database (GSE27448). Four publicly
available microarray datasets were also included in our analysis: 1)
GSES89 dataset (GDS183) (40 BCs); 2) GSE3167 dataset (GDS1479) [5]
(51 BCsand 9 controls); 3) GSE7476 dataset [11] (9 BCs and 3 controls)
and 4) GSE12630 dataset [12] (19 BCs). In total, our pooled microarray
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analysis composed of 129 BC samples and 17 controls [8,9].
Data processing and computational analysis

Data processing, normalization, filtering and identification of
differentially expressed (DE) genes were described in our previous
reports [7-9]. We divided our data into 5 categories. The first included
DE genes in all samples vs. the controls. The second, third and fourth
categories were labeled as Groups “A”, “B” and “C”. In particular,
Group A included T1-Grade II muscle non-invasive samples, Group
B included T1-Grade III muscle non-invasive samples, Group C
included T2-3-Grade III muscle invasive samples. The fifth category
was composed of metastatic, high grade TCCs. A brief representation
of the bioinformatics analyses is presented in Supplementary Figure 1.

TFBM analysis in the promoters of co-deregulated genes

We investigated the TFBMs in the Transcription Element Listening
System Database (TELiS) (www.telis.ucla.edu) [12], considering as
promoters strings of 1000 nucleotides upstream and 200 nucleotides
downstream of each gene’s transcription start site (TSS) as indicated
in the NCBI RefSeq database. TELIS currently contains data on 34,622
human genes. TFBMs were defined by 108 position-specific weight
matrices from the JASPAR 2 database or 192 matrices representing
all vertebrate TFs in the TRANSFAC database. Binding motifs were
detected by the MatInspector algorithm [13]. TFBM analysis was also
performed using the WebGestalt web-tool [14,15].

Chromosome mapping and linear correlations

For chromosome mapping analyses, we used the Gene Ontology
Tree Machine, the WebGestalt web-tool (http://bioinfo.vanderbilt.
edu/webgestalt) [15] and the Matlab® (The Mathworks Inc.)
computing environment. Linear correlations were calculated using
Pearson’s correlation coefficient. Values with R*> 0.8 and p < 0.05 were
statistically significant.

Gene Ontology (GO) analysis

GO analysis was initially performed using the eGOn online tool
for Gene Ontology (former: http://www.genetools.microarray.ntnu.
no/egon/') in order to find missing gene symbols [16]. The ontology
covered three domains: 1) Cellular component, the parts of a cell or
its extracellular environment; 2) Molecular function, the elemental
activities of a gene product at the molecular level, such as binding
or catalysis; 3) Biological process, operations or sets of molecular
events with a defined beginning and end, pertinent to the functioning
of integrated living units: cells, tissues, organs, and organisms. The
WebGestalt ~ web-tool  (http://bioinfo.vanderbilt.edu/webgestalt)
[14,15] was used for the classification of gene functions. Relations of the
differentially expressed genes and the TFBMs were further investigated
using the Pubgene Ontology Database (www.pubgene.org). Definitions
and functions of genes and TFs were based on the National Institute of
Health databases (http://www.ncbi.nlm.nih.gov/gene/).

Venn diagrams

Venn diagrams were designed with the Venn web-tool from the
University of Gent, Bioinformatics and Evolutionary Genomics (http://
bioinformatics.psb.ugent.be/webtools/Venn/) and the web-tool Venn
Diagram Generator from the Public Research Centre for Health (http://
www.bioinformatics.lu/).

" this link is no longer functional, the site that hosts this tool is http://www.
webcitation.org/getfile?fileid=3d81695ffc2513c1db6ca254dc873d6d7a45882¢e yet
the tool is no longer functional
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Results

We initially investigated the TFBM prevalence in each group. In
the group entitled “all samples” we found 137 TFBMs; whereas Groups
A, B and C contained 599, 602 and 591 TFBMs, respectively. The
metastatic group included 582 TFBMs (p < 0.01).

GO and TFBM analysis of groups

The main biological process of the deregulated genes in each
group included cellular metabolic processes and cellular component
organization and biogenesis (Supplementary Figure 2). TFBM analysis
also manifested various TF binding sites and therefore, potential TFs
that might participate in the regulation of gene expression. Since the
investigated groups were composed of BC samples of different histology,
we investigated the unique TF binding sites in each group. When
examining the samples in groups of three (3 different combinations)
we identified the unique binding sites of the following TFs: PAXS,
PPARG, STAT3, AHRARNT, AR, MYOGNF and ROAZ (Group A) and
AHRARNT, EVI, ROAZ, AR and MYOGNF (Group B). No unique TF
was found in Group C or in the metastatic group. Searching for unique
TF binding sites among all groups, our analysis spotted PPARG, STAT3
and PAX8in Group A and ROAZ and AHRARNT in Group B, whereas
in “all samples” Group, Group C and metastatic Group no unique TF
binding sites were identified (Table 1, Figure 1).

Chromosomal-based GO and TFBM analysis of groups

In order to expand our search for TFBM patterns, we separated
genes with respect to their chromosomal position. Especially for genes
in the “all samples” Group, we performed a chromosome-specific
GO analysis (Supplementary Figure 3). As expected, DE genes in
most chromosomes had different GO annotations from the complete
dataset, apart from those of chromosomes 1 and 6 which manifested
similar profiles with the complete dataset (Supplementary Figure 2).
Interestingly, functional annotation of genes on chromosomes 14
and 16 manifested cell cycle-related regulations, and on chromosome
20 the JAK-STAT cascade. Additionally, Venn diagram analysis
showed the presence of numerous uniquely appearing TFBMs in each
chromosome (Supplementary Figure 4). Of interest, androgen receptor
(AR) appeared to be annotated on chromosome 15 only, whose genes
participate in the development of muscle cells (Supplementary Figure
3). Furthermore, the NFxB binding site was appeared as unique
TF binding site in chromosomes 1 (Group A) and 17 (Group C and
metastatic group). Similarly, the glucocorticoid receptor (GR) appeared
in chromosomes 1 (“all samples” Group) and 18 (Group C).

Pearson’s correlations of chromosomal values

Based on the number of TF binding sites found in each
chromosome, we further identified their correlation with the number
of the DE genes in the corresponding chromosomes. Thus, we
investigated whether the activity of a chromosome and the respective
TF binding sites are proportional to the number of the DE genes or
the expression levels of the respective chromosome. To achieve this,
we calculated four variables in each chromosome and each group: 1)
the total number of DE genes (“Genes”), 2) the total number of TF
binding sites in each chromosome (as revealed by the TFBM analysis)
(“TFs”), 3) the ratio of binding sites of each TF versus Genes (“TFs/
Genes”) and 4) the mean expression of each chromosome and each
group (“Expr”) (Supplementary Figure 5).Remarkably, the “TFs/Gene”
ratio and “TFs” were positively correlated (p > 0.9 and p < 0.05) in
almost all chromosomes (apart from chromosomes 1, 12 and 17).
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IN GROUPS OF THREE

Group A, Group B, Group C

UNIQUE GroupA
hsa_V$PAX8 01 (PAXS: Paired Box 8)

hsa_V$PPARG_01 (PPARG: peroxisome proliferator
activated receptor gamma)

hsa_VS$STAT3_01 (STAT3: signal transducer and
activator of transcription 3)

Group A, Group B, Metastatic

UNIQUE GroupA

hsa TGTYNNNNNRGCARM_UNKNOWN
hsa_V$PAX8_01 (PAXS: Paired Box 8)

hsa_V$PPARG_01 (PPARG: peroxisome proliferator
activated receptor gamma)

hsa_VS$STAT3_01 (STAT3: signal transducer and
activator of transcription 3)

UNIQUE GroupB

hsa_ VSAHRARNT 02 (AHR/ARNT heterodimer:
aryl hydrocarbon receptor (AHR)/ aryl hydrocarbon
receptor nuclear translocator (ARNT))
hsa_VSEVII_01 (EVI-1 also known as RUNXI: runt
related transcription factor 1)

hsa_VSROAZ_01 (ROAZ also known as ZNF423:
zinc finger protein 423)

UNIQUE GroupC
None

UNIQUE GroupB
hsa_ CRGAARNNNNCGA_UNKNOWN
hsa_ GGCNRNWCTTYS_UNKNOWN

hsa_ VSAHRARNT 02 (AHR/ARNT heterodimer:
aryl hydrocarbon receptor (AHR)/ aryl hydrocarbon
receptor nuclear translocator (ARNT))
hsa_VSROAZ 01 (ROAZ also known as ZNF423:
zinc finger protein 423)

UNIQUE Metastatic
None

hsa_YGTCCTTGR_UNKNOWN
Group B, Group C, Metastatic
UNIQUE GroupB
hsa_ GCGSCMNTTT_UNKNOWN

hsa_ VSAHRARNT_02 (AHR/ARNT heterodimer:
aryl hydrocarbon receptor (AHR)/ aryl hydrocarbon
receptor nuclear translocator (ARNT))

hsa_VS$AR_03 (AR: Androgen Receptor)

hsa_ VSMYOGNF1_01 (MYOG/NF1 heterodimer
Myogenin (MYOG)/Nuclear Factor 1 (NF1))

hsa_VSROAZ 01 (ROAZ also known as ZNF423:
zinc finger protein 423)

hsa. WCTCNATGGY_UNKNOWN

hsa_ YAATNANRNNNCAG_UNKNOWN
ALL FIVE GROUPS

Unique All Samples

UNIQUE GroupC

Unique Group A

None
activated receptor gamma)

hsa_V$STAT3_01 (STAT3: signal transducer and

activator of transcription 3)

hsa_V$PAX8 01 (PAXS: Paired Box 8)

hsa_ TGTYNNNNNRGCARM_UNKNOWN

hsa_VSPPARG_01 (PPARG: peroxisome proliferator hsa VBROAZ 01 (ROAZ also

UNIQUE Metastatic
None

Unique Group B Unique Group C | Unique Metastatic

None None
known as ZNF423: zinc finger

protein 423)

hsa_ VSAHRARNT 02 (AHR/
ARNT heterodimer: aryl
hydrocarbon receptor (AHR)/
aryl hydrocarbon receptor nuclear
translocator (ARNT))

Table 1. Unique TFs in BC Groups as revealed by Venn Diagram Analysis.“Group A, Group B, Group C” signifies the unique TFs found for each group as depicted in Figure 2B, similarly
where it states “Group A, Group B, Metastatic” it signifies the unique TFs found for each group as depicted in Figure 2C, similarly where it states “Group B, Group C, Metastatic™ it
signifies the unique TFs found for each group as depicted in Figure 2D. Finally, where it states “All Five Groups” it signifies the unique TFs found for each group as depicted in Figure 2A.

Additionally, in chromosomes 3 and X significant correlations were
observed between “TFs” vs. “Genes” (chromosome 3 and X) and “TF/
Genes” vs. “Genes” (chromosome X). Two types of analyses were
performed: In the first, we included all five groups, while in the second;
we included Groups A, B, C and the Metastatic group. The basic
metrics of our analysis are presented in Figure 2. The results of the first
analysis were excluded, since the “All Samples” group was composed
of genes that were simultaneously deregulated in all tumor samples,
thus adding a bias to our Pearson’s correlation analysis. Our results
drove us towards another aspect of chromosomal-based analysis: the
presence of linear relations detected among TFs and annotated genes
in each chromosome.

Regression analysis of chromosomal variables

The presence of linear correlations among chromosomal values,
gave us a further hint on the probable relations between gene
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expression and the annotated TF binding sites. For this purpose, we
performed linear regression analyses on the calculated values. Looking
for linear patterns within our data we found that chromosomes 16
and 17 manifested a descending order of chromosomal values. In
chromosome 16, we found that the chromosomal mean expression
decreased, moving from the “All Samples” group to the Metastatic
group. Likewise, in chromosome 17, the ratio of “TF/Genes”
descended as moved from “All Samples” group to Metastatic group.
This finding indicated a key role of these chromosomes with respect
to tumor properties. A very interesting behavior was observed in
chromosome 17. While the regression in chromosome 16 between
mean chromosomal expression levels and the “TF/genes” ratio did not
manifest significant correlations, in chromosome 17, regression of the
four groups revealed that metastatic samples were separated from the
rest three groups. When Groups A, B and C were analyzed together, a
significant linear relation emerged with a descending order from Group
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Figure 1. Venn diagrams of TF enrichment of investigated groups.

C (more aggressive tumor type) to Group A (less aggressive tumor
type). A similar behavior was presented in chromosome X, where the
regression between chromosomal mean expression values and the “TF/
Genes” ratio did not manifest a significant pattern, while regression of
the three groups (excluding the metastatic group) manifested a linear
correlation (Figure 3). Regression analysis also showed that several
variables manifested linear behavior in each chromosome. Most of
the chromosomes manifested linear behavior with respect to “TFs”
and “TF/Genes” variables. Additional linear behavior was manifested
in chromosome 2 with respect to “TFs” and “Genes”, in chromosome
11 with respect to “T'Fs” and “Genes”, with respect to “IF/Genes” and
“Genes”, in chromosome 15 with respect to “TFs” and “Genes”, in
chromosome 18 with respect to “TFs” and “Genes” and chromosome X
with respect to “T'Fs” and “Genes” and with respect to “TF/Genes” and
“Genes” (Figure 4).

Discussion

In the present study, we detected the common TFBMs mapped on
the promoter regions of the co-deregulated genes among different BC
subtypes and investigated the presence of linear correlations between
gene expression and the annotated TF binding sites.

Unique transcription factor binding motifs identified in each
group

Peroxisome proliferator-activated receptor-y (PPAR-y) was among
the uniquely annotated TFs based on the binding sites identified in
tumors of Group A (T1, grade IT). PPARy is a nuclear hormone receptor
and a ligand-activated TF important for urothelial differentiation.
Its expression has been associated with the differentiation of the
presumptive urothelium of the mouse urogenital sinus and the mature
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urothelium of mice, rabbits and humans [17]. PPARy agonists, such
as troglitazone (TZ), in combination with EGFR inhibition have been
reported to activate the urothelial differentiation of cells in vitro [17]
and are being used in the clinical setting as potential therapies [18].

STAT3 (Signal transducer and activator of transcription 3) was
also uniquely annotated in Group A. This TF is a member of the STAT
protein family being activated through phosphorylation in response
to various cytokines and growth factors (IFNs, EGF, IL5, IL6, HGF,
LIF and BMP2). It plays a key role in cell growth, apoptosis, tumor
progression and proliferation [19]. Furthermore, STAT3 silencing has
been connected to the suppression of cell proliferation and survival
[20].

Similarly, among Group B tumors (T1-grade III), ROAZ (or
ZNF423) and AHRARNT were the uniquely annotated TFs based on
the binding sites that we identified. To our knowledge, there are no
known reports linking ROAZ with TCC of the urinary bladder. ARNT
encodes the aryl hydrocarbon receptor nuclear translocator protein that
forms a complex with ligand-bound aryl hydrocarbon receptor (AhR)
and is required for receptor function. The presence of AhR in Group
B tumors underlines the role that chemicals play in the disease. In a
single report concerning AhR, it was reported that genetic variations
are linked to increased risk of BC [21].

Chromosomal-based analysis of transcription factors

Since gene expression is regulated in a chromosomal-dependent
pattern, we separated the binding sites of TFs in order to find patterns
of TFBMs among all five studied groups.

Our chromosomal-dependent analysis posed the following three
questions: 1) Are chromosomal gene expression levels relative to the
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Figure 2. Metrics of Pearson’s correlation analysis. Two analyses are presented: one including all five groups that is All samples, Group A, Group B, Group B and Metastatic (A-D) and one

including four groups, that is Group A, Group B, Group C and Metastatic (E-H).
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17 manifested descending pattern of change in the TF/Genes ratio (C), while it presented an interesting behavior with respect to metastatic samples (D), and when analysis included only
the first three groups, a significant linear relation was presented (E). Similar behavior was manifested by chromosome X (F), where the three groups except metastatic samples manifested
linear dynamics (G). X-axes (in A and C) as well as abbreviations within charts are annotated as follows; All: All Samples, A: Group A- T1-Grade II muscle non-invasive samples, B: Group
B- T1-Grade III muscle non-invasive samples, C: Group C- T2-3-Grade III muscle invasive samples, Metastatic: metastatic, high grade TCCs.

number of genes? 2) Is the number of the annotated TF binding sites
relative to the number of DE genes? 3) Is the number of the annotated
TF binding sites relative to the total chromosomal expression levels?
Based on our analysis, the answer to these three questions appears to
be “no”, at least for the majority of the chromosomes.

Chromosome 2

On chromosome 2, a linearity was observed between the number
of DE genes and the number of TF binding sites with respect to the
groups (R?= 0.92). Yet, the order of the variables did not coincide with
the grade of the tumor. In particular, local minima and maxima were
represented by tumors of Groups A and B, respectively, while tumors
of Group C (muscle-invasive T2-3, grade III) and metastatic tumors
group were found in between. In some reports, it was shown that
aberrations in chromosome 2 participate in alternative tumors of the
bladder, such as lymphomas [22,23], with a particular role of CHOP

Biomed Genet Genomics, 2016 doi: 10.15761/BGG.1000104

(C/EBP homologous protein). Also, API (activator protein 1) whose
function with NF«kB and positive regulation of tumor progression is
linked to loss of SPAPC [24], was predicted by our analysis. Finally,
MYC was uniquely annotated among metastatic TCCs, underlining
its recent suggestions for therapeutic targeting in the disease [25,26].
Interestingly, chromosome 2 followed a linear pattern between “TFs”
and “Genes”, irrespective of the tumor group, probably implying a
wider role in the genesis and progression of the disease.

Chromosome 11

A similar behavior was observed in chromosome 11, but with a
decreasing tendency (the more TF binding sites we annotated, the less
the number of DE genes on the chromosome was found). This was again
irrespective of the tumor group, where the local minima and maxima
were represented by Groups C and A. Of note, API was annotated in
Group A, which also coincided with the functions’ local maxima as in
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Figure 3. Descending pattern of variable values with respect to chromosomes. In particular, chromosome 16 manifested descending pattern of variation in mean gene expression as we move
from All samples to Metastatic (A). Further on, regression of TF/Genes ratio vs. mean chromosomal expression levels did not manifest significant relations (B). Additionally, chromosome
17 manifested descending pattern of change in the TF/Genes ratio (C), while it presented an interesting behavior with respect to metastatic samples (D), and when analysis included only
the first three groups, a significant linear relation was presented (E). Similar behavior was manifested by chromosome X (F), where the three groups except metastatic samples manifested
linear dynamics (G). X-axes (in A and C) as well as abbreviations within charts are annotated as follows; A/l: All Samples, A4: Group A- T1-Grade II muscle non-invasive samples, B: Group
B- T1-Grade III muscle non-invasive samples, C: Group C- T2-3-Grade III muscle invasive samples, Metastatic: metastatic, high grade TCCs.
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the case of chromosome 2. At the same time, we predicted GATAI and
GATA3 among tumors of Group C, both related to poor prognosis and
invasiveness in BC [27]. On the other hand, estrogen receptor (ER)
was predicted to regulate metastatic tumors. Low ER expression was
recently related to tumor aggressiveness [28]. Also, hormonal receptors
are considered to be attractive therapeutic targets, although BC is not
considered an endocrine-related neoplasia [29].

Chromosome 15

On chromosome 15, metastatic tumors did not have uniquely
annotated TF binding sites, while ER and P53 were annotated in
tumors of Group A. AR was uniquely annotated in Group C tumors,
implying a hormonal-dependent function for this chromosome.

Chromosome 17

Chromosome 17 manifested a very interesting behavior.
Regression analysis revealed that metastatic samples were separated
from the rest three groups, while the three groups manifested a
perfect linear correlation, with descending order, moving from more
(Group C-muscle-invasive) to less aggressive tumor types (Group A/
non-muscle invasive). The metastatic cancers had several uniquely
annotated binding sites for the following TFs; NFkB, PAX5, YY1 and
PPARA. High NF«B expression has been previously related to BC, but
not to its stage [30]. Its expression has been linked to prognosis and
response to therapy [8,31], as well as tumor progression [32]. PPARG
has been previously reported to play significant role in tumor invasion
[17]. Our analysis underlines the paramount importance of PPARs in
the progression and aggressiveness of BC. It’s worth mentioning that
NFkB was present in the two most aggressive tumor groups (Group C/
muscle-invasive T3-grade III and metastatic tumors) and was absent
in the other two groups (non-muscle invasive TCCs), suggesting an
important role in tumor aggressiveness.

Chromosome 18

Chromosome 18 was also an interesting case, since the correlation
between the number of DE genes and gene expression levels was
marginally linear. This was actually the only chromosome that
manifested alinear relation between the chromosomal mean expression
levels and the number of DE genes. In this case, the unknown factor was
the predicted TF binding sites, since such a behavior could be attributed
to them. To our surprise, in the case of chromosome 18 there were
a few unique TF binding sites identified in each group. In particular,
non-muscle invasive tumors of Group A had annotated the homeobox
protein NKX-2.5 (previously reported to be the unique discriminator of
the neurokinin 1 receptor), accommodating the translocation of NFkB
to the nucleus [33]. Furthermore, muscle-invasive TCCs of Group C
had three uniquely annotated binding sites for the following TFs: GR
(glucocorticoid receptor), CP2 and ZIC2. The GR is interesting, since
it is questionable whether the co-administration of chemotherapy
and glucocorticoids (GCs) should be recommended and whether
GCs interfere with chemotherapy administration and subsequently
with tumor survival. It was previously reported that the induction of
GR promotes cell proliferation and resistance, but at the same time it
inhibits cell invasion and probably metastasis. Yet, it appears that the
activation of GR and its effects are GC-dependent as it has been shown
that different GCs have different impact on cell survival and apoptosis
[34]. The fact that the mean chromosomal expression is negative
(compared to the controls) reinforces the finding of the GR in muscle-
invasive TCCs of group C. The current findings suggested a special role
for chromosome 18 in TCC of the urinary bladder and the predicted
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TFs could be used as putative therapeutic targets.
Chromosome X

A similar pattern to chromosome 17 was manifested in chromosome
X. Chromosome X presented linear correlations between the number
of “TFs”, the number of DE genes and the “TF/Genes” ratio. Yet,
gene expression along with additional variables did not present any
significant relations. However, when looking closer to the patterns of
variables in X chromosome, we found that non-muscle invasive TCCs
(groups A and B) and muscle-invasive TCCs (group C), present linear
dynamics with respect to the mean chromosomal expression and the
ratio binding sites TF/Genes. As in the case of chromosome 17, genes
on chromosome X appear to be suppressed with regards to the average
expression levels. Group A tumors had uniquely annotated binding
sites of TFs such as HOXA9 and MEISI, two proteins known for their
role in acute leukemia but not BC. Yet, few reports mention a role
for HOXAY in tumor invasiveness and progression [35]. PAX6 was
annotated in chromosome X for TCCs of Group A and it was reported
to play an import role in tumor suppression [36]. Furthermore, CDC5
(cell division cycle 5) was uniquely annotated among Group C tumors.
CDCS5 is a cell cycle regulator, whose phosphorylation also controls
RNA processing [37]. In a previous report we showed that CDC20 is
consistently up-regulatedinall the TCC samples that we examined, while
both CDC20 and CDCS5 appear to control mitotic phase in eukaryotic
cells [8,38]. In the group of metastatic samples, NF1 (neurofibromin
1), which is involved in metastatic, invasive bladder cancer [39] was
annotated. The nuclear factor, erythroid 2-like 2 (NRF2) was another
uniquely annotated TF in chromosome X. NRF2 has been reported as
a factor for chemotherapy resistance and whose expression is linked to
the activation of antioxidant genes [40]. The paramount importance of
chromosome X in the progression and ontogenesis of this disease has
also been previously highlighted by others [41].

Concluding remarks

From the present work, it is evident that TFBM analysis through
computational analyses can successfully and reliably predict known
TFs in urinary bladder cancers of different histology. This approach
could prove useful in the understanding of the disease, due to its
ability to investigate massive amounts of data and extract summaries
of information. Here, we found uniquely annotated TFs among non-
muscle invasive and muscle-invasive TCCs of low and high grade. We
highlight chromosomes 2, 11, 15, 17, 18 and X, reporting that they
manifest linear dynamics with respect to computed variables including
the mean chromosomal expression, the number of TF binding sites and
the number of DE genes. In particular, since ER and PR were uniquely
identified among different tumor groups, our computational analyses
could predict a hormone-dependent mechanism underlying bladder
cancer. In addition, it appears that the inflammatory machinery plays
an important role in the progression of the disease, through NF«B and
AP1. Finally, we highlight the importance of the control of the cell cycle
in TCC through CDC5.
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