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Abstract

Bladder cancer RNA-Seq data analysis highlighted significant insights into the molecular mechanisms and
biological processes underlying tumorigenesis. Utilizing R packages such as edgeR, limma, and DESeq2, we
preprocessed and normalized the data to identify differentially expressed genes (DEGs). Unsupervised learning
methods, including PCA, facilitated the classification of these DEGs, revealing critical pathways associated with
DNA replication, DNA repair, and cell cycle control. Gene ontology enrichment analysis further delineated the
affected biological processes, cellular components, and molecular functions. Notably, our findings identified
potential biomarkers, particularly the genes PER2 and CRY2, which are integral to the circadian rhythm
pathway. Additionally, we observed that protein complexes CLOCK/BMAL1, CLOCK/BMAL2, and
BMAL1/NPAS2 regulate the expression of several clock genes via E-boxes. The study also constructed a
differential gene network in bladder cancer, providing insights into the regulatory functions of key genes
involved in tumor progression. These findings not only enhance our understanding of bladder cancer biology but
also pave the way for potential therapeutic targets and biomarkers.

* Cotresponding Author: Ehtesham Ahmed Shariff P4 esharieff@ksu.edu.sa

25 | Shariff et al.



Introduction

Bladder cancer is a very malignant tumor of urinary
bladder (Dobruch and Oszczudlowski, 2021). It is
more frequent in men compare to women. It is
generally diagnosed in mid age people over 56
(Saginala et al., 2020). Some of the major risk causes
reported for bladder cancer are smoking, rubber
manufacturing chemicals, oil paints and textile

chemicals (Pramod et al., 2020).

There are various genetic mutations that increase the
risk of bladder cancer (Zhang and Zhang, 2015).
Epigenetic changes such as DNA methylation and
acetylation of histone are also increase the risk of
bladder cancer (Boskovi¢ et al., 2022). Bladder cancer
can be developed in bladder neck, dome of bladder,
anterior wall of bladder, bladder nos, lateral wall of
bladder, trigone of bladder, posterior wall of bladder
and ureteric orifice. Malignant bladder tumor can
invade nearby tissues and may infect to rest of the
body (Okbah et al., 2022). Genomics of bladder
cancer helps to understand the main molecular
mechanisms. Bladder cancer genetic makeup and
clinical behavior could be easily understood by

genomic profiling (Green and Milowsky, 2016).

There are many ways of treatment such as
chemotherapy, radiation therapy, immunotherapy
and surgery (DeGeorge et al., 2017). Gene expression
data can be used to understand genes regulation in
normal and disease process. Transcriptome profiling
is used to decipher the underlying molecular
mechanisms of normal and disease processes in
2018). RNA
sequencing (RNA-Seq) is a very important technique

cancer (Cie§lik and Chinnaiyan,
used tool for transcriptome profiling that enables
extensive analysis of gene expression at the transcript
level (Maeda et al., 2018). RNA-Seq analysis has been
applied to bladder cancer to get important insights of
the molecular mechanism and biological process of
tumorigenesis (Hwang et al., 2018). Several studies
have examined RNA-Seq data of bladder cancer,
identifying numerous genes and pathways linked to
tumorigenesis. Genes involved in DNA replication,

repair, and cell regulation, such as cyclins, CDKs,
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and CHKs, have been extensively researched (Zhao

et al., 2017).

Upregulation of these genes has been linked to
increased bladder cancer metastasis and proliferation
rate. Earlier study has reported down regulation of
genes such as E-cadherin and integrins in bladder
cancer cells (Zhu et al., 2012). Furthermore, many
genes are involved in immune response,
inflammation, and tumor progression in bladder

cancer (Dyck and Mills, 2017).

RNA-Seq can be used to develop gene expression
signatures that can predict the prognosis and
response to therapy of bladder cancer patients (Li et
al., 2022). Differentially expressed genes of bladder
cancer help to understand the gene expression level
between different samples or conditions. Recent
studies have identified several key pathways such as
the PI3K/AKT/mTOR pathway (Li et al., 2022), the
MAPK pathway (Dangle et al., 2009), and the Wnt/3-
catenin pathway (Garg and Maurya, 2019) that are
dysregulated in bladder cancer. These pathways are
involved in cell proliferation, survival, and
differentiation, and their dysregulation is thought to
contribute to the development and progression of

bladder cancer.

Important drug targets, such as the HDAC
inhibitor vorinostat, DNMT inhibitor decitabine,
and proteasome inhibitor ixazomib target cancer
pathways that are dysregulated in bladder cancer
and may improve therapeutic outcomes (Sato et al.,
2017). Different types of bladder cancers have
distinct molecular profiles that could be used to
develop targeted therapies (Sanguedolce et al.,
2022). In a recent study, several genes were linked
to chemotherapy resistance in bladder cancer
patients who received neoadjuvant chemotherapy.
Patients with highly expressed genes had a poorer
prognosis than those with low expression. These
findings could assist clinicians in identifying
patients at risk of treatment failure and developing
effective treatment

more approaches

(Vlachostergios and Faltas, 2019).
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According to a study, bladder cancer can lead to the
dysregulation of vital biological processes such as cell
migration, angiogenesis, and cell adhesion. Since
these processes play a crucial role in the development
and progression of bladder cancer, targeting their
dysregulation could open up new avenues for
therapeutic intervention. In our article, we delved
into the transcriptomics profile of bladder cancer by
analyzing RNA-Seq data. Our research findings
revealed differentially expressed genes, ontology and
pathway enrichment analysis, and network analysis,
all of which hold significant importance for the

diagnosis and treatment of bladder cancer.

Materials and methods

Data collection

Transcriptomic profiling data for bladder cancer was
collected from the Cancer Genome Atlas (TCGA)
(https://www.cancer.gov/ccg/research/genome-
sequencing/tcga) and the Genomic Data Commons
(GDC) (https://gdc.cancer.gov/access-data/gdc-data-
portal) . We have downloaded the TCGA data by using
TCGADbiolinks (Colaprico et al., 2016) an R package
directly from Genomic Data Commons (GDC). We
have downloaded 431 count cases out of which 412
were primary tumor and 19 were normal count cases.
Gender wise bladder cancer was observed in 117
female and 314 male. All the material and methods
v4.2.3
(https://www.R-project.org/) (Schwarzer, 2007) and

were performed in R environment

Bioconductor (Thaka and Gentleman, 1996) package.

Data preprocessing and normalization

Preprocessing can help to detect true biological signal
and correct the biases in the data to make it
comparable across various samples. Preprocessing
makes data smooth and easy analysis of differential
expressed genes (DEGs). For preprocessing of data
we have used edgeR (Robinson et al., 2009) and
voom (Law et al., 2014) R packages. We have also
used limma (Ritchie et al., 2015) and DESeq2 (Love
et al., 2014) an R package for DEGs analysis. After
preprocessing RNA-Seq data, normalization was
performed for that we used limma R package (Ritchie

et al., 2015). Our normalization process has used the
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trimmed mean of M-values (TMM) method

(Robinson and Oshlack, 2010).

Clustering of data

Normalized RNA-Seq data was processed through
the classification to get the important insights into
the subtypes of cancer. We used unsupervised
learning method to identify patterns and structures
in our data. To reduce the dimensionality of data we
used principal component analysis (PCA) method
(Mackiewicz and Ratajczak, 1993). For non-linear
reduction of data UMAP method (Ghojogh et al.,
2023) was used, and clustering was performed on
UMAP data. For classification we used DESeq2
(Love et al., 2014), edgeR (Robinson et al., 2009),
and limma (Ritchie et al., 2015) R packages. An R
packages caret was used to train and testing
machine learning method for evaluating the
performance of the models. R package glmnet
(Friedman et al., 2023) was used to fitting
generalized linear models for analyzing high-

dimensional gene expression data.

Differentially expressed genes and survival analysis

For analysis of differentially expressed genes
(DEGs) we have used limma (Ritchie et al., 2015),
edgeR (Robinson et al., 2009), DESeq2 (Love et
al., 2014), and voom (Law et al., 2014) R packages.
DEGs in bladder cancer RNA-Seq data were
analyzed using language R (v4.2.3) and
Bioconductor. Cutoff values a log2|fold change|>1
and a false discovery rate of <0.05 were set for the
DEGs

(Morgan et al., 2021) is an R package was used to

identification. = SummarizedExperiment
integrate gene expression and clinical information,
and genomic annotations. We have used the
method "survival" R package (Therneau, 2023) for
cancer data survival analysis and visualization. The
Cox analysis (Abd Elhafeez et al.,, 2021) was
deployed to identify relationship between gene
expression and patient survival we used coxph
function. Survival analysis hazard ratio (HR) and P
value for bladder cancer data were calculated, and
the difference we got was considered significant at

P < .05.
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Enrichment analysis, data visualization and plotting
We have performed gene enrichment analysis over
differentially expressed genes. Bladder cancer DEGs
were analyzed by enrichR (Chen et al., 2013) server to
identify the genes associated with biological process,
cellular components and molecular functions. Further
we have analyzed the cell types by using PanglaoDB
(Franzén et al, 2019). Enrichment for Kyoto
Encyclopedia of Genes and Genomes (KEGG)
pathway (Kanehisa and Goto, 2000) and
WikiPathway (Martens et al., 2021) was also
performed. To creates all the plots for bladder cancer
data analysis we have use gplots (Warnes et al,
2019), ggplot2 (Gomez-Rubio, 2017), cowplots
(Wilke, 2019). For the interactive visualization of
gene expression data we have used Glimma R package
(Su et al., 2017). RColorBrewer (Neuwirth, 2014) is
an R package that provides a collection of color

palettes for creating visually appealing plots.

Results

Bladder cancer affects many people across the world.
The bladder cancer RNA-Seq dataset is provided by
The Cancer Genome Atlas (TCGA) project. We have
performed data normalization before conducting any
downstream analysis. Our study used Mean-Variance
Trend (MVT) to analyze the bladder cancer RNA-Seq
from different tissue types. Our resulting plots for
bladder cancer showed the mean-variance trend for
two different tissue types: primary tumor, and normal
tissue (Fig. 1A). Results show a clear separation
between primary tumor and normal tissue samples.
Both tissues have shown significantly different
expression levels. We have also studied the gender-
specific differences in cancer RNA-Seq data using this
approach. The data plot showed different patterns for
female and male bladder cancer samples. MVT for
males was more variable compared to females. This
trend suggests a higher degree of variance due to
male-specific factors in bladder cancer data. MVT for
females shows a more consistent pattern along the
expression level across samples (Fig. 1D). MVT for
bladder cancer types and based on race are shown in
Fig. 1B and 1C, the variance was consistent with the

expression pattern of bladder cancer samples.

2024

QA Standard devaton T

05 10 15 20

Sqn( standard deviation ) 35,

05 10 15 20

. y
p 7
log2 count s + 05 ) B

20

Sar(standard deviation) ¢y

05 10 15

Fig. 1. Voom normalized data of bladder cancer.
Mean variance trend (MVT) plots are shown for
bladder cancer condition variable (A) MVT based on
definition group primary tumor and normal tissue
samples, (B) MVT for bladder cancer types, (C) MVT
based on race, and (D) MVT for gender based male
and females are shown. PCA plots are shown for the
first two principal components (E) PCA plot for two
sample groups, tumor tissue and healthy tissue, (F)
PCA plot based on bladder cancer type, (G) PCA plot
of bladder cancer based on race, (H) PCA plot for

gender, male and female.

Dimensionality reduction and PCA analysis
(PCA) was
performed over bladder cancer RNA-Seq data. We

Principal Component Analysis
have analyzed condition variable definition that
have the primary solid tumor and solid tissue
normal samples and visualized as PCA plots of PC1
and PC2 (Fig. 1E). Our result shows that both
sample groups (tumor and normal) have well-
separated RNA expression profiles. PCA capture
the largest amount of variance and showed a clear
separation between primary solid tumor and solid
tissue normal samples along PC1 and PC2. There
was some degree of heterogeneity revealed within
tumor samples. This indicates that not all bladder
tumors are the same, and there may be subtypes of
bladder cancer having different expression profile

(Fig. 1F). In addition to our analysis of bladder
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cancer based on gender, we also investigated the
differences in RNA expression based on race. Our
PCA plot revealed that RNA expression profiles
were well-separated based on race (Fig. 1G).
Furthermore, we applied PCA to RNA-Seq data
from male and female bladder cancer patients to
explore gender-specific patterns in RNA
expression. Our visualization of PC1 vs PC2 showed
significant differences in RNA expression between
males and females (Fig. 1H). Specifically, we found
that genes related to inflammation and immune
response were more strongly expressed in female
samples, while genes involved in DNA repair and
cell proliferation were more strongly expressed in

male samples.
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Fig. 2. Gene Heatmap Dendogram. Bladder cancer
samples cluster together by hierarchical clustering.
The bladder cancer samples in red are solid tissue
normal, and the samples highlighted in black are
primary solid tumor. The genes in green colors are
earlier predicted in differential expression analysis of
bladder cancer. Based on z-score upregulated genes
are in maroon color and down regulated are shown in

blue color.
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Hierarchical clustering and gene heatmap

The data was normalized and split into a train and
test set. An elastic net model was trained, which
combines LASSO and Ridge Regression to select
genes that predict each condition. The selected genes
were used to build a classification model, which
showed great accuracy with sensitivity, specificity,
and precision all equal to 1. Relevant genes with non-
zero values were selected. After normalization, we
run a hierarchical clustering algorithm to cluster our
samples genes. We have visualized the gene
expression pattern of gene clusters in a heatmap
format using the limma gene heatmap function (Fig.
2). This study has analyzed RNA-Seq data from
bladder cancer patients and healthy controls over
28088 differentially expressed genes. DEGs were
further differentiated between up and down regulated
genes based on expression levels. Our study shows
that DNA replication, DNA repair, and cell cycle
control were among the significant pathways enriched
in the differentially expressed genes. Because these
pathways are linked with the development and spread
of cancer, their identification in bladder cancer

advances our knowledge of the disease.

Differentially expressed genes and survival analysis

Differentially expressed genes in human bladder
cancer were visualized using a volcano plot and an
enhanced volcano plot (Fig. 3). The volcano plot
shows the log2 fold change of gene expression on the
x-axis and the negative log10 of the p-value on the y-

axis (Fig. 3A).

Differences in gene expression between two
conditions are represented by log2 fold change.
The p-value on the y-axis represents the statistical
importance of the difference in gene expression of
bladder cancer. The smaller p-value is the indicator
of the

expression levels. Each point in the enhanced

more significant difference among
volcano plot represents the gene. The color of each
point or gene in the plot indicates the level of
significance. Genes with a high log2 fold change
and a low p-value are colored in red, while blue-

colored points have a low log2 fold change and a
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high p-value. Genes with intermediate values are

colored in gray or green (Fig. 3B).
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Fig. 3. Differentially expressed genes are plotted as;
(A) Volcano plot, top ten differentially expressed
genes are labeled in blue color, and (B) Enhanced
volcano plot, The top genes by P value are labeled, and
genes that meet the FDR and Log Fold Change
thresholds are colored (red for upregulation and blue

for down regulation).

Expression of genes in bladder cancer was analyzed
through Kaplan-Meier (KM) plots. The relationship
between time and survival probability for
differentially expressed genes of bladder cancer has
visualized through KM plots (Fig. 4). Our result in
KM plot shows that there is very similar sloppy trend
until almost the 2800 day mark, where the survival
probability for females seems to have worse compare
to the males. Despite we have tested event curves
through logrank test that is a repeated test of
independence. Plot shows that gender alone does not
importantly shift prognosis in this bladder cancer
dataset (Fig. 4A). We have also visualized the KM plot
where the number of patients dying or being censored
as time increases (Fig. 4B). KM plot shows that most
of the bladder cancer patients die or are censored

before the 3000-day mark.
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Fig. 4. KM plots; (A) Kaplan-Meier plot displays two
very similar trajectories, up until roughly 2800 days,
when females appear to have a lower chance of
survival. The logrank test (p value) also determines
that both "event curves” have not very much differ
from one another. (B) KM plot with “risk table”. Bar

chart of top enriched terms from the (C)
GO_Biological_Process_2023, (D)
GO_Cellular_Component_2023, (E)
GO_Molecular_Function_2023, and (1))

PanglaoDB_ Augmented_2021 gene set library.

Gene ontology and pathway enrichment analysis
Gene ontology enrichment shows that significant
biological processes (Fig. 4C), cellular component
(Fig. 4D) and molecular functions (Fig. 4E) were
affected by bladder cancer.

We have also figured out cell types (Fig. 4F) which are
high-flown in these processes. Main pathways that
are affected by bladder cancer were also explored. We
have found most significant KEGG Pathway from
human which are highly disturbed by bladder cancer.
Wiki pathways was also identified which are
important for bladder cancer therapeutics. According
to our research, bladder cancer appears to involve
three pathway networks: Entrainment of circadian
clock (GO-0009649) implicated in various
physiological processes, including metabolism, sleep,
and cancer. Entrainment of circadian clock by

photoperiod (GO-0043153) involved in the regulation
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of seasonal behaviors, such as migration and
(GO-0009648)

implicated in various biological processes, including

hibernation. Photoperiodism
flowering in plants and seasonal changes in animal
behavior. Our research has identified two pathway
networks that may play a role in human biology: Glial
cell differentiation (WP2276) process is critical for
the proper functioning of the nervous system and

enriched in bladder cancer disorders (Fig. 5A).
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Fig. 5. Pathway enrichment (A) WP2276-Glial cell
WP2855 -
Dopaminergic neurogenesis - Homo sapiens, and
DEGs predicted genes LMX1A and NR4A2 are shown

in green color actively takes part in cell differentiation

differentiation-Homo sapiens, (B)

process. Gene network pathway; (C) Circadian clock,
DEGs PER2 and Cry2 are represented by yellow color,
major protein complexes are represented in large blue
circle eclipses, (D) Circadian rhythm pathway, DEGs

PER2 and CRY2 are shown in magenta color.

Dopaminergic neurogenesis (WP2855) involved in
various neurological and psychiatric disorders, but
has shown enrichment in bladder cancer (Fig. 5B).
Further research is needed to fully understand the
mechanisms underlying these pathways and their
potential therapeutic targets. We have identified two
related pathway networks that may play important
roles in various biological processes: Circadian clock
and Circadian rhythm pathway. Disruptions in
circadian clock function have been implicated in
various diseases; metabolic

including cancer,
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disorders, and sleep disorders. Circadian rhythm
pathway refers to the various molecular and cellular
mechanisms that regulate the circadian clock and its
outputs. This pathway involves a complex network of
genes and proteins that interact with each other to
maintain the proper timing of various physiological
processes, such as sleep/wake cycles, hormone
secretion, and metabolism. In this study both
pathways has shown enrichment in bladder cancer
(Fig. 5C and 5D).

Discussion

Our study has analyzed RNA-Seq data from bladder
cancer patients, revealing gender-specific differences
and distinct variations between primary tumor and
normal tissue samples. The study used PCA plots,
hierarchical clustering, and gene heatmap to group the
data and identify patterns in RNA expression linked to
inflammation and immune response specific to
particular genders. The study used volcano and
improved volcano plots to find the genes that were
differently expressed and to visualize them. The study
also found important pathways involved in the initiation
and spread of cancer, such as cell cycle regulation, DNA
replication, and DNA repair. Furthermore, gene
enrichment analysis and Kaplan-Meier plots were used
to examine the expression of genes in bladder cancer
and identify potential biomarkers. The study discovered
that prognosis was not significantly influenced by gender
in this dataset. EZH2 was identified as a potential
treatment strategy based on its expression, while CDK1
may be a helpful predictive indicator. The findings
provide important insights into the prognosis of patients
with bladder cancer and identify potential targets for

future research.

In this study we found that bladder cancer involves

various biological processes, including gene
regulation and environmental factors. One such
process is the regulation of the circadian clock, which
controls metabolism, cell proliferation, and sleep-

wake cycles.

Disruptions to this clock, caused by non-functionality

or environmental factors, can increase the risk of
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bladder cancer (Fekry and Eckel-Mahan, 2022).
Photoperiodism, a biological process regulated by
external cues such as light, also plays a role in bladder
cancer growth. The PER2, CRY2, and FBXL21P genes
are interconnected and involved in regulating the
circadian rhythm. Disruptions to these genes can lead
to misaligned circadian rhythms and bladder cancer
development. Additionally, the biological processes of
midbrain dopaminergic neuron differentiation,
extracellular matrix organization, and fat cell
differentiation have been linked to bladder cancer
growth. Further studies are needed to fully
understand the role of these genes and processes in

bladder cancer development.

The Endoplasmic Reticulum (ER) plays a crucial role
in protein synthesis, folding, and transport. The
activation of the ER stress response pathway is linked
to bladder cancer cells' survival and proliferation,
making it a promising therapeutic strategy for
bladder cancer. The Astral Microtubule is essential
for cell division, and overexpression of microtubule-
associated proteins is associated with bladder cancer
proliferation. Dysregulated collagen deposition and
organization in cells lead to bladder cancer
NMDA

receptor complex plays a role in synaptic plasticity,

development. The selective  glutamate
learning, and memory, and targeting it may be a
potential therapeutic strategy for bladder cancer.
Alterations in organelle functions lead to changes in
cellular components that may cause bladder cancer
growth. Microfibril organization is also a potential
therapeutic target for bladder cancer. These findings
offer insight into potential targets for therapeutic
interventions in bladder cancer treatment (Yang et

al., 2019).

Our study identified unique molecular functions such
as nuclear retinoic acid receptor binding and nuclear
retinoid X receptor binding, which are involved in

gene expression.

Dysregulation of these receptors may lead to bladder
cancer growth. Similarly, dysregulation of beta-

glucosidase and serine-type endopeptidase activities,
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which break down proteins and carbohydrates,
respectively, can also lead to bladder cancer growth
and invasion. Transcription -cis-regulatory region
binding controls the regulation of gene expression,
and dysregulation of this function can cause the
development of cancer (Champion et al, 2020).
Flavin adenine dinucleotide binding and CDP-alcohol
phosphatidyl transferase activity are involved in
energy and lipid metabolism, respectively, and their
dysregulation may also cause bladder cancer
development. Furthermore, NAD (P) H oxidase H-O--
forming activity is linked to the production of reactive
oxygen species, which can damage DNA and other
cellular components and lead to cancer development.
Our enrichment analysis shows a link between
various cell types such as taste receptor -cell,
adipocytes, Schwann cells, glial cells, progenitor cells

and fibroblast and bladder cancer progression.

The study's findings have identified key pathways
involved in the molecular functions of bladder cancer,
with circadian rhythms playing a direct role in the
development and progression of the disease.
Disrupting the circadian rhythm can alter gene
expression and impair the immune system's ability to
recognize and remove cancer cells. Targeting
potential therapeutics for bladder cancer requires a
thorough understanding of the circadian rhythm. The
PER2 and CRY2-regulated (Chan and Lamia, 2020)
circadian clock pathways manage the sleep-wake
cycle and other physiological processes, while
CLOCK/BMAL1 and CLOCK/BMAL2 transcription
factors (Mazzoccoli et al., 2012) bind to DNA to drive
the expression of target genes. Parathyroid hormone
(PTH) synthesis, secretion, and action are also crucial
for regulating calcium and phosphate metabolism in
the body. PTH promotes angiogenesis, which is
crucial for tumor development and metastasis.
Targeting PTH pathways and inhibiting PTH
secretion using drugs can effectively slow down
bladder cancer growth and metastasis (Gislefoss et
al., 2018). Some of the most well-known
WikiPathways in human bladder cancer have been
anticipated by our study. Bladder cancer is a complex

disease that involves dysregulation of multiple

32| Shariff et al.



pathways. Our analysis has identified several key
pathways that play a crucial role in the development
and progression of bladder cancer. These pathways
include gastric cancer network 1, dopaminergic
neurogenesis, melatonin metabolism and effects,
nuclear receptors, let-7 inhibition of ES cell
programming, SRF and miRs in smooth muscle
differentiation and  proliferation, extracellular
structure organization, complement and coagulation
cascade, glial cell differentiation, and vitamin D
metabolism. Dysregulation of these pathways results
in the activation of various signaling pathways that

promote tumor growth and invasiveness.

Glial cell differentiation refers to the process by which
glial cells differentiate and mature into their various
subtypes, providing support and protection for
neurons in the nervous system. Disruptions in this
pathway have been linked to various neurological
disorders. The dopaminergic neurogenesis pathway
plays a crucial role in brain function by generating
dopaminergic neurons, which are involved in the
regulation of movement, motivation, and reward.
This pathway involves different stages, including
regionalization, specification, differentiation, and
maturation, as well as regulation of various molecular

networks.

Our findings suggest that further research is needed
to fully understand the mechanisms underlying these
pathways and their potential therapeutic targets.
Specifically, the DEGs LMX1A and NR4A2 have been
implicated in the specification, growth, and
differentiation of dopaminergic neurons. Further
research is needed to fully wunderstand the
mechanisms of these pathways and their potential as
drug targets for the treatment of bladder cancer. Our
findings suggest that targeting these pathways could
lead to the development of new therapies for this
disease. In our study, we conducted a GWAS
enrichment analysis to identify key terms associated
with bladder cancer. Our study revealed several
significant molecular functions linked to bladder
cancer. The predicted GWAS terms that stood out in

our analysis include periodontitis, response to
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methotrexate and acetaminophen, vestibular neuritis,
leisure time exercise behavior, bipolar disorder,
personality traits in bipolar disorder, diffusing
capacity of the lung for carbon monoxide, and
economic and political preferences. These findings
shed light on the potential genetic factors that may
contribute to the development of bladder cancer. Our
study provides valuable insights that could aid in the
identification of new therapeutic targets for this

disease.

In this study, we explore the gene network pathways
and enrichment analysis networks associated with
bladder cancer. The circadian clock and rhythm
pathways are represented by differentially expressed
genes (DEGs) PER2 and CRY2. We also compared
miRNA and RNA expression levels using the TCGA-
BLCA dataset and identified the best predicted
miRNAs hsa-mir-199b, hsa-mir-199a-1, hsa-mir-
199a-2, hsa-mir-214, and hsa-mir-1245. The gene
network of DEGs from bladder cancer was predicted
using GeneMANIA, and the annotated gene network
showed interactions with various genes regulating
different pathways. Our predicted DEGs play
differential roles in gene networks, including cell
proliferation, differentiation, DNA repair processes,
and ECM protein synthesis (Lin et al., 2020). We
predicted a gene network associated with gastric
cancer in Homo sapiens (human), which includes
DEGs UBE2C and ESM1 showing interaction with
genes indicating stronger evidence in bladder cancer.
The network includes several well-known cancer-
involved in DNA

angiogenesis, and regulation of inflammation and

related genes replication,
immune response. This network provides a valuable
resource for investigating the molecular mechanisms
underlying gastric cancer and identifying potential

targets for therapeutic intervention in bladder cancer.

Our study depicts a gene network of clustered genes
NPAS4, ESM1, MMP11, TRIM, GYPA, PAX9, and
TTYH3 that have not been studied together in bladder
cancer. These genes may be functionally related, and
their differential expression may be associated with a
particular disease state.

biological process or
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Overexpressed gene ESM1 is involved in angiogenesis
and cancer progression. Matrix metalloproteinase 11
encoding gene MMP11 is overexpressed in bladder
cancer and degrades extracellular matrix protein (Chen
et al., 2020). The gene PAX9 expresses a transcription
factor that controls the modulation of cell differentiation
in bladder cancer (Chen et al., 2022). Innate immune
response, antiviral defense, and cell cycle regulation in
bladder cancer have been modulated by the gene TRIM
(TRM). Glycophorin A encoding gene GYPA and TTYH3
gene are over-expressed in bladder cancer and involved
in tumor grade, stage, and prognosis (Biswas et al.,
2022). Our study highlights the intricate gene networks
and pathways associated with bladder cancer, revealing
potential therapeutic targets through the differential

expression of key genes.

The identified miRNAs and DEGs provide valuable
insights into the molecular mechanisms driving the
disease, paving the way for future research and

targeted interventions.

Conclusion

This study has identified important pathways linked
to DNA replication, DNA repair, and cell cycle
control. Gene ontology enrichment analysis showed
that bladder cancer impacts key biological processes,
cellular components, and molecular functions. We
identified potential biomarkers, including FBXL21P,
PER2, and CRY2, which play roles in the circadian
rhythm pathway. Additionally, our gene network
analysis helped us predict the functions of specific
genes involved in regulatory networks. Overall, RNA-
Seq analysis has given us valuable insights into the
molecular mechanisms and biological processes of
bladder cancer. In summary, our study offers a
detailed look at the gene network pathways related to
bladder cancer and their interactions with other
biological systems. Further research is necessary to
validate our findings and explore how these genes

contribute to bladder cancer progression.

Acknowledgments
We would like to express our sincere appreciation

to our organization Prince Sultan Bin Abdulaziz

2024

College for Emergency Medical Services (King Saud
University) and King Fahad Medical City for
offering facilities and resources for this project.
Their support facilitated the smooth execution of

the research.

References

Abd Elhafeez S, D’Arrigo G, Leonardis D,
Fusaro M, Tripepi G, Roumeliotis S. 2021.
Methods to analyze time-to-event data: The Cox
regression analysis. Oxidative Medicine and Cellular
Longevity, 2021.
https://doi.org/10.1155/2021/1302811.

Biswas PK, Kwak Y, Kim A, Seok J, Kwak HJ,
Lee M, Dayem AA, Song K, Park JY, Park KS,
Shin HJ, Cho SG. 2022. TTYH3 modulates bladder
cancer proliferation and metastasis via FGFR1/H-
Ras/A-Raf/MEK/ERK

Journal of Molecular Sciences 23(18).

pathway. International

https://doi.org/10.3390/ijms231810496.

Boskovi¢ M, Roje B, Chung FFL, Gelemanovié¢
A, Cahais V, Cuenin C, Khoueiry R, Vilovi¢ K,
Herceg Z, Terzié¢ J. 2022. DNA methylome changes
of muscle- and neuronal-related processes precede
bladder cancer invasiveness. Cancers 14(3).

https://doi.org/10.3390/cancers14030487.

Champion M, Chiquet J, Neuvial P, Elati M,
Radvanyi F, Birmelfie E. 2020. Identification of
deregulated transcription factors involved in specific
bladder cancer subtypes. EPiC Series in Computing
70, 1-10. https://doi.org/10.29007/v7qj.

Chan AB, Lamia KA. 2020. Cancer, hear my battle
CRY. Journal of Pineal Research 69(1).
https://doi.org/10.1111/jpi.12658.

Chen C, Liu X, Jiang J, Li S, Wang G, Ju L,
Wang F, Liu T, Li S. Matrix

metalloproteinase 11 is a potential biomarker in

2020.

bladder cancer diagnosis and prognosis. OncoTargets
and Therapy 13, 9059—9069.
https://doi.org/10.2147/0TT.S243452.

34 | Shariff et al.



Chen EY, Tan CM, Kou Y, Duan Q, Wang Z,
Meirelles GV, Clark NR, Ma’ayan A. 2013.
Enrichr: Interactive and collaborative HTML5 gene
list enrichment analysis tool. BMC Bioinformatics
14(1), 1-14. https://doi.org/10.1186/1471-2105-14-

128.

Chen X, Li Y, Paiboonrungruang C, Li Y,
Peters H, Kist R, Xiong Z. 2022. PAX9 in cancer
development. International Journal of Molecular
Sciences 23(10).

https://doi.org/10.3390/ijms23105589.

Cieslik M, Chinnaiyan AM.

transcriptome profiling at the juncture of clinical

2018. Cancer

translation. Nature Reviews Genetics 19(2), 93—109.

https://doi.org/10.1038/nrg.2017.96.

Colaprico A, Silva TC, Olsen C, Garofano L,
Cava C, Garolini D, Sabedot TS, Malta TM,
Pagnotta SM, Castiglioni I, Ceccarelli M,
Bontempi G, Noushmehr H. 2016. TCGAbiolinks:
An R/Bioconductor package for integrative analysis of
TCGA data. Nucleic Acids Research 44(8), e7i.
https://doi.org/10.1093/nar/gkvi507.

Dangle P, Zaharieva B, Jia H, Pohar K. 20009.
Ras-MAPK pathway as a therapeutic target in cancer:
Emphasis on bladder cancer. Recent Patents on Anti-
Cancer Drug

Discovery 4(2), 125-136.

https://doi.org/10.2174/157489209788452812.

DeGeorge KC, Holt HR, Hodges SC. 2017.
Bladder cancer: Diagnosis and treatment. American

Family Physician 96(8), 507—514.

Dobruch J, Oszczudlowski M. 2021. Bladder
cancer: Current challenges and future directions.
Medicina (Lithuania) 57(8).
https://doi.org/10.3390/medicina57080749.

Dyck L, Mills KHG. 2017. Immune checkpoints and
their inhibition in cancer and infectious diseases.
European Journal of Immunology 47(5), 765-779.
https://doi.org/10.1002/€ji.201646875.

2024

Fekry B, Eckel-Mahan K. 2022. The circadian
clock and cancer: Links between circadian disruption
and disease pathology. Journal of Biochemistry

171(5), 477-486.
https://doi.org/10.1093/jb/mvaco17.

Franzén O, Gan LM, Bjorkegren JLM. 2019.
PanglaoDB: A web server for exploration of mouse
and human single-cell RNA sequencing data.
Database 2019(1).
https://doi.org/10.1093/database/baz046.

Hastie T, Tibshirani R,
Narasimhan B, Tay K, Simon N, Qian JY. 2023.

Friedman J,

glmnet: Lasso and elastic-net regularized generalized
linear models. Astrophysics Source Code Library.
Record Ascl:2308.011.
https://ui.adsabs.harvard.edu/abs/2023ascl.softo80
11F.

Garg M, Maurya N. 2019. WNT/B-catenin
signaling in urothelial carcinoma of the bladder.
World Journal of Nephrology 8(5), 83—94.
https://doi.org/10.5527/wjn.v8.i5.83.

Ghojogh B, Crowley M, Karray F, Ghodsi A.

2023. Uniform manifold approximation and

projection (UMAP). In Elements of Dimensionality

479-497.
https://doi.org/10.1007/978-3-031-10602-6_17.

Reduction and Manifold Learning,

Gislefoss RE, Stenehjem JS, Hektoen HH,
Andreassen BK, Langseth H, Axcrona K,
Weiderpass E, Mondul A, Robsahm TE. 2018.
Vitamin D, obesity and leptin in relation to bladder
cancer incidence and survival: Prospective protocol
study. BMJ Open 8(3).

https://doi.org/10.1136 /bmjopen-2017-019309.

Gomez-Rubio V. 2017. ggplot2: Elegant graphics
for data analysis. Journal of Statistical Software

77(3), 1—3. https://doi.org/10.18637/jss.v0o77.bo2.

Green AK, Milowsky MI. 2016. Genomic profiling
of advanced bladder cancer to guide the use of
targeted therapeutics. Cancer 122(5), 676—677.
https://doi.org/10.1002/cncr.29825.

35 | Shariff et al.



Hwang B, Lee JH, Bang D. 2018. Single-cell RNA

sequencing  technologies and  bioinformatics
pipelines. Experimental and Molecular Medicine

50(8). https://doi.org/10.1038/s12276-018-0071-8.

Thaka R, Gentleman R. 1996. R: A language for
data analysis and graphics. Journal of Computational
299-314.
https://doi.org/10.1080/10618600.1996.10474713.

and Graphical Statistics 5(3),

Kanehisa M, Goto S. 2000. KEGG: Kyoto
Encyclopedia of Genes and Genomes. Nucleic Acids
Research 28(1), 27-30.
https://doi.org/10.1093/nar/28.1.27.

Law CW, Chen Y, Shi W, Smyth GK. 2014.
Voom: Precision weights unlock linear model analysis
tools for RNA-seq read counts. Genome Biology

15(2). https://doi.org/10.1186/gb-2014-15-2-r29.

Li D, Wu X, Fan X, Cheng C, Li D, Zhang W.
2022. Comprehensive analysis of cuproptosis-related
IncRNAs in the prognosis and therapy response of
patients with bladder cancer. Annals of Translational
Medicine 10(22), 1232—-1232.
https://doi.org/10.21037/atm-22-5294.

Li X, Liu H, Lv C, Du J, Lian F, Zhang S, Wang
Z, Zeng Y. 2022. Gypenoside-induced apoptosis via
the PI3K/AKT/mTOR signaling pathway in bladder
2022.

cancer. BioMed Research International

https://doi.org/10.1155/2022/9304552.

Lin YC, Chen MC, Hsieh TH, Liou JP, Chen
CH. 2020. CK18 as a potential therapeutic target to
treat bladder cancer. Aging 12(7), 5764-5780.
https://doi.org/10.18632/aging.102966.

Love MI, Huber W, Anders S. 2014. Moderated
estimation of fold change and dispersion for RNA-seq
data with DESeq2. 15(12).
https://doi.org/10.1186/s13059-014-0550-8.

Genome Biology

Mackiewicz A, Ratajczak W. 1993. Principal
(PCA).
Geosciences 19(3), 303—342.

components analysis Computers and

https://doi.org/10.1016/0098-3004(93)90090-R.

2024

Maeda S, Tomiyasu H, Tsuboi M, Inoue A,
Ishihara G, Uchikai T, Chambers JK, Uchida
K, Yonezawa T, Matsuki N. 2018. Comprehensive
gene expression analysis of canine invasive urothelial
bladder carcinoma by RNA-Seq. BMC Cancer 18(1).
https://doi.org/10.1186/s12885-018-4409-3.

Martens M, Ammar A, Riutta A, Waagmeester
A, Slenter DN, Hanspers K, Miller RA, Digles
D, Lopes EN, Ehrhart F, Dupuis LJ, Winckers
LA, Coort SL, Willighagen EL, Evelo CT, Pico
AR, Kutmon M. 2021. WikiPathways: Connecting
communities. Nucleic Acids Research 49(D1), D613—
D621. https://doi.org/10.1093/nar/gkaa1024.

Mazzoccoli G, Piepoli A, Carella M, Panza A,
Pazienza V, Benegiamo G, Palumbo O, Ranieri
E. 2012. Altered expression of the clock gene
machinery in kidney cancer patients. Biomedicine
and Pharmacotherapy 66(3), 175—179.
https://doi.org/10.1016/j.biopha.2011.11.007.

Morgan M, Obenchain V, Hester J, Pages H.
2021. SummarizedExperiment:
SummarizedExperiment container. In R package
version 1.12.0.

https://doi.org/10.18129/Bg.bioc.Summarized Experi

ment.

Neuwirth E. 2014. RColorBrewer: ColorBrewer
palettes. R Package Version 1.1-2. https://cran.r-

project.org/web/packages/RColorBrewer/index.html.

Okbah AA, Al-Ankoshy AAM, Al-Shamahy HA.
2022. Bladder cancer: Differentiation of types, age,
sex distribution, and associated variants with
gradation. Universal Journal of Pharmaceutical

Research. https://doi.org/10.22270/ujpr.v6i6.701.

Pramod S, Safriadi F, Hernowo B, Dwiyana R,

Batista B. 2020. Smoking history, smoking
intensity, and type of cigarette as risk factors of
bladder cancer: A literature review. Urological
Science 31(4), 147-155.

https://doi.org/10.4103/UROS.UROS_6_20.

36 | Shariff et al.



Ritchie ME, Phipson B, Wu D, Hu Y, Law CW,
Shi W, Smyth GK. 2015. Limma powers differential
expression analyses for RNA-sequencing and
microarray studies. Nucleic Acids Research 43(7),

e47. https://doi.org/10.1093/nar/gkvooy.

Robinson MD, McCarthy DJ, Smyth GK. 2009.
edgeR: A Bioconductor package for differential
expression analysis of digital gene expression data.
Bioinformatics 26(1), 139—140.
https://doi.org/10.1093/bioinformatics/btp616.

Robinson MD, Oshlack A. 2010. A scaling
normalization method for differential expression
analysis of RNA-seq data. Genome Biology 11(3).
https://doi.org/10.1186/gb-2010-11-3-r25.

Saginala K, Barsouk A, Aluru JS, Rawla P,
Padala SA, Barsouk A. 2020. Epidemiology of
bladder cancer. Medical Sciences 8(1).
https://doi.org/10.3390/medsci8010015.

Sanguedolce F, Zanelli M, Palicelli A, Ascani S,
Zizzo M, Cocco G, Bjornebo L, Lantz A,
Falagario UG, Cormio L, Carrieri G. 2022. Are
we ready to implement molecular subtyping of
bladder cancer in clinical practice? Part 1: General
issues and marker expression. International Journal
of Molecular Sciences 23(14).
https://doi.org/10.3390/ijms23147819.

Sato A, Asano T, Okubo K, Isono M, Asano T.
2017. Ritonavir and ixazomib kill bladder cancer cells
by causing ubiquitinated protein accumulation.
Cancer Science 108(6), 1194—1202.
https://doi.org/10.1111/cas.13242.

Schwarzer G. 2007. R Core Team R: A language
and environment for statistical computing. R News

40—45. http://www.r-project.org/.

Su S, Law CW, Ah-Cann C, Asselin-Labat ML,
Blewitt ME, Ritchie ME. 2017.
Interactive graphics for gene expression analysis.

Glimma:

Bioinformatics 33(13), 2050—2052.
https://doi.org/10.1093/bioinformatics/btx094.

2024

Therneau TM. 2023. A package for survival analysis
in R. URL:

project.org/package=survival. R Package Version

https://cran.r-

2.38. https://github.com/therneau/survival.

Vlachostergios PJ, Faltas BM.

molecular limitations of biomarker research in

2019. The

bladder cancer. World Journal of Urology 37(5), 837—
848. https://doi.org/10.1007/500345-018-2462-9.

Warnes GR, Bolker B, Bonebakker L,
Gentleman R, Liaw WHA, Lumley T, Maechler
M, Magnusson A, Moeller S, Schwartz M,
Venables B. 2019. gplots: Various R programming
tools for plotting data. R package version 3.0.1.1.
http://CRAN.R-Project.Org/Package=gplots.

https://doi.org/10.32614/CRAN.package.gplots.

Wilke CO. 2019. cowplot: Streamlined plot theme
and plot annotations for “ggplot2.” R Package Version
1-44.

project.org/package=cowplot.

1.0.0, https://cran.r-

Yang J, Song H, Chen L, Cao K, Zhang Y, Li Y,
Hao X. 2019. Integrated analysis of microfibrillar-
associated proteins reveals MFAP4 as a novel
biomarker in human cancers. Epigenomics 11(1), 5—

21. https://doi.org/10.2217/epi-2018-0080.

Zhang X, Zhang Y. 2015. Bladder cancer and
genetic mutations. Cell Biochemistry and Biophysics
73(1), 65-69. https://doi.org/10.1007/s12013-015-
0574-1.

Zhao F, Ge YZ, Zhou LH, Xu LW, Xu Z, Ping
WW, Wang M, Zhou CC, Wu R, Jia RP. 2017.
Identification of hub miRNA biomarkers for bladder
cancer by weighted gene coexpression network
analysis. OncoTargets and Therapy 10, 5551-5559.
https://doi.org/10.2147/0TT.S146479.

Zhu J, Pan X, Zhang Z, Gao J, Zhang L, Chen
J. 2012. Downregulation of integrin-linked kinase
inhibits epithelial-to-mesenchymal transition and
metastasis in bladder cancer cells. Cellular Signalling
24(6), 1323-1332.
https://doi.org/10.1016/j.cellsig.2012.02.013.

37 | Shariff et al.



