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Bladder cancer is the most common malignancy of the urinary tract and one of the 
most prevalent cancers worldwide. The bladder microbiota is strongly associated 

with different statuses of bladder cancer. The increased abundance of microbes such 
as Schistosoma, Pseudomonas, Streptococcus, Mycobacterium, Bacteroidetes, and 

Klebsiella is associated with the development of bladder cancer during tumorigenesis. 
Improved understanding of age-related alterations to the immune system and gut and 
urinary microbiomes could provide possible insights into bladder cancer development 
and progression in the elderly. Mitochondrial DNA (mtDNA) content has been shown 

to be associated with cancer susceptibility. Patients diagnosed with bladder cancer 
have significantly decreased mtDNA. Cancer prevention strategies are theoretically 

appealing although often difficult to implement, owing to the multifactorial 
pathogenesis of most cancers. This book focuses on the diagnosis and prevention of 

bladder cancer.

Published in London, UK 

©  2023 IntechOpen 
©  Design Cells / iStock

ISBN 978-1-80356-725-9

U
pdate on Bladder C

ancer





Update on Bladder Cancer
Edited by Sivapatham Sundaresan

Published in London, United Kingdom



Update on Bladder Cancer
http://dx.doi.org/10.5772/intechopen.102247
Edited by Sivapatham Sundaresan

Contributors
Béla Pikó, Ali Bassam, Anita Kis, Paul Ovidiu Rus-Gal, Ibolya Laczó, Tibor Mészáros, Jaime Villegas 
O., Emanuel Jeldes, Carlos Contreras, Luis O. Burzio, Verónica Burzio, Vincenzo Borogna, Brent 
Gilbert, Taryn Naidoo, Azal Al_Rubaeaee, Zahraa Ch. Hameed, Sara Al-Tamemi, Yasukazu Nakanishi, 
Shugo Yajima, Hitoshi Masuda, Sivapatham Sundaresan, S.K. Lavanya

© The Editor(s) and the Author(s) 2023

The rights of the editor(s) and the author(s) have been asserted in accordance with the Copyright, 
Designs and Patents Act 1988. All rights to the book as a whole are reserved by INTECHOPEN LIMITED. 
The book as a whole (compilation) cannot be reproduced, distributed or used for commercial or 
non-commercial purposes without INTECHOPEN LIMITED’s written permission. Enquiries concerning 
the use of the book should be directed to INTECHOPEN LIMITED rights and permissions department 
(permissions@intechopen.com).

Violations are liable to prosecution under the governing Copyright Law.

Individual chapters of this publication are distributed under the terms of the Creative Commons 
Attribution 3.0 Unported License which permits commercial use, distribution and reproduction of 
the individual chapters, provided the original author(s) and source publication are appropriately 
acknowledged. If so indicated, certain images may not be included under the Creative Commons 
license. In such cases users will need to obtain permission from the license holder to reproduce 
the material. More details and guidelines concerning content reuse and adaptation can be found at 
http://www.intechopen.com/copyright-policy.html.

Notice

Statements and opinions expressed in the chapters are these of the individual contributors and not 
necessarily those of the editors or publisher. No responsibility is accepted for the accuracy of 
information contained in the published chapters. The publisher assumes no responsibility for any 
damage or injury to persons or property arising out of the use of any materials, instructions, methods 
or ideas contained in the book.

First published in London, United Kingdom, 2023 by IntechOpen
IntechOpen is the global imprint of INTECHOPEN LIMITED, registered in England and Wales, 
registration number: 11086078, 5 Princes Gate Court, London, SW7 2QJ, United Kingdom

British Library Cataloguing-in-Publication Data
A catalogue record for this book is available from the British Library

Additional hard and PDF copies can be obtained from orders@intechopen.com

Update on Bladder Cancer
Edited by Sivapatham Sundaresan
p. cm.
Print ISBN 978-1-80356-725-9
Online ISBN 978-1-80356-726-6
eBook (PDF) ISBN 978-1-80356-727-3



Selection of our books indexed in the Book Citation Index 
in Web of Science™ Core Collection (BKCI)

Interested in publishing with us? 
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected. 
For more information visit www.intechopen.com

6,700+ 
Open access books available

156
Countries delivered to

12.2%
Contributors from top 500 universities

Our authors are among the

Top 1%
most cited scientists

181,000+
International  authors and editors

195M+ 
Downloads

We are IntechOpen,
the world’s leading publisher of 

Open Access books
Built by scientists, for scientists

BOOK
CITATION

INDEX

 

CL
AR

IVATE ANALYTICS

IN D E X E D





Meet the editor

Dr. Sivapatham Sundaresan is an associate professor in the 
Department of Medical Research, SRM Institute of Science 
and Technology, India. His research interests include cancer 
chemoprevention, cancer immunotherapy, and tumor marker 
detection. His research work includes developing andro/evo-al-
bumin nanoparticles and synthesizing and loading them into 
polycaprolactone (PCL) scaffolds. He also demonstrated that 

interferon beta can synergistically work with the chemotherapeutic drug cisplatin 
for liver, breast, and cervical cancer cells. One of my research disseminated with 
autophagy proteins Beclin-1, LC3-II and ATG12 and autophagy regulators mTOR, 
Raptor, p- PRAS40 and Rag C proteins expressions in Head and Neck malignancy 
distinguishing the tumor types and stages significantly. His recent interests involve 
investigating the impact of probiotics on the treatment of intestinal toxicity during 
chemotherapy and their potential to play an adjunct role in Colorectal Cancer. Dr. 
Sundaresan is a member of the Association of Clinical Biochemists of India and has 
published many papers in national and international journals.





Preface XI

Chapter 1 1
Long Non-Coding Mitochondrial RNAs as Novel Molecular Target  
for Bladder Cancer Treatment
by Jaime Villegas O., Vincenzo Borgna, Carlos Contreras, Emanuel Jeldes, 
Luis O. Burzio and Verónica Burzio

Chapter 2 13
Urobiome and Bladder Cancer
by Brent Gilbert and Taryn Naidoo

Chapter 3 29
Intracorporeal Urinary Diversion of Robot-Assisted Radical Cystectomy
by Yasukazu Nakanishi, Shugo Yajima and Hitoshi Masuda

Chapter 4 43
Review on Bladder Cancer Diagnosis
by Sivapatham Sundaresan and S.K. Lavanya

Chapter 5 55
A Rare but Real Entity: Bladder Neuroendocrine Cancer
by Béla Pikó, Ali Bassam, Anita Kis, Paul Ovidiu Rus-Gal, Ibolya Laczó 
and Tibor Mészáros

Chapter 6 65
Estimation of Some Plant Extract Activity against Bacterial Cystitis 
Isolated from Urinary Tract Infection
by AzalA Al-Rubaeaee, Zahraa Ch. Hameed and Sara Al-Tamemi

Contents



Preface

Bladder cancer is the most common malignancy of the urinary tract and one of the 
most prevalent cancers worldwide. Individualized therapy together with refined 
surgical techniques and novel systemic as well as intravesical treatment modalities 
will lead to better oncological outcomes. This book includes six chapters that highlight 
current research in bladder cancer. 

Chapter 1: “Long Non-Coding Mitochondrial RNAs as Novel Molecular Target for 
Bladder Cancer Treatment” 

Chapter 2: “Urobiome and Bladder Cancer”

Chapter 3: “Intracorporeal Urinary Diversion of Robot-Assisted Radical Cystectomy”

Chapter 4: “Review on Bladder Cancer Diagnosis”

Chapter 5: “A Rare but Real Entity: Bladder Neuroendocrine Cancer”

Chapter 6: “Estimation of Some Plant Extract Activity against Bacterial Cystitis 
Isolated from Urinary Tract Infection”

Sivapatham Sundaresan
Department of Medical Research,

 SRM Medical College Hospital and Research Centre,
 SRM Institute of Science and Technology,

SRM Nagar, Kattankalathur, Tamil Nadu, India



Preface

Bladder cancer is the most common malignancy of the urinary tract and one of the 
most prevalent cancers worldwide. Individualized therapy together with refined 
surgical techniques and novel systemic as well as intravesical treatment modalities 
will lead to better oncological outcomes. This book includes six chapters that highlight 
current research in bladder cancer. 

Chapter 1: “Long Non-Coding Mitochondrial RNAs as Novel Molecular Target for 
Bladder Cancer Treatment” 

Chapter 2: “Urobiome and Bladder Cancer”

Chapter 3: “Intracorporeal Urinary Diversion of Robot-Assisted Radical Cystectomy”

Chapter 4: “Review on Bladder Cancer Diagnosis”

Chapter 5: “A Rare but Real Entity: Bladder Neuroendocrine Cancer”

Chapter 6: “Estimation of Some Plant Extract Activity against Bacterial Cystitis 
Isolated from Urinary Tract Infection”

Sivapatham Sundaresan
Department of Medical Research,

 SRM Medical College Hospital and Research Centre,
 SRM Institute of Science and Technology,

SRM Nagar, Kattankalathur, Tamil Nadu, India



1

Chapter 1

Long Non-Coding Mitochondrial 
RNAs as Novel Molecular Target for 
Bladder Cancer Treatment
Jaime Villegas O., Vincenzo Borgna, Carlos Contreras, 
Emanuel Jeldes, Luis O. Burzio and Verónica Burzio

Abstract

Bladder cancer (BC) is the sixth most common cause of cancer; BC risk increases 
with age and is more common among men than women. Upon diagnosis, the 5-year 
relative survival rate for patients is approximately 77%. The treatment options 
available for bladder cancer include chemotherapy, radiation therapy, immuno-
therapy, targeted therapy, and surgery. Despite the advances in therapeutically novel 
approaches, BC remains an important problem of public health. Long non-coding 
RNA (lncRNA) is defined as non-protein-coding RNA molecule longer than 200 
nucleotides. Recent findings have highlighted that lncRNA contributes to the regu-
lation of multiple signaling pathways in bladder cancer, suggesting that lncRNA 
exerts its roles during the biological processes of tumorigenesis, tumor proliferation, 
differentiation, apoptosis, invasion, migration, and stemness. In our laboratory, we 
described a family of mitochondrial long non-coding RNAs containing stem-loop 
structures, named sense and antisense. These transcripts are found outside the 
organelle, in the cytosol and nucleus in normal and tumor cells, and are differentially 
expressed according to proliferative status of cells. The antisense transcript seems to 
be a novel target for BC treatment based in modified antisense oligonucleotides. In 
this chapter, the novel biology and role of these RNAs as therapeutical targets will be 
discussed.

Keywords: bladder cancer, mitochondria, antisense oligonucleotides, long non-coding 
RNAs, bladder cancer treatment

1. Introduction

Bladder cancer (BC) is a complex disease associated with high morbidity and  
mortality rates if not treated optimally. BC remains the most common malignancy of 
the urinary tract. In 2018, BC was diagnosed in 549,393 patients and 199,922 succumbed 
to the disease worldwide [1]. Bladder cancer is the 6th most common cancer in men 
and 17th most common cancer in women. The incidence of bladder cancer is high in 
developed countries, and because of rapid industrialization, its worldwide incidence is 
increasing [2].
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A main sign related to the presence of BC is hematuria; however, the final con-
firmation of the disease must be made using gold standard methodology such as 
cystoscopy, a procedure that allows a definitive diagnosis and follow-up of the disease. 
As bladder cancer results in gross or microscopic hematuria, approximately 70 –75% 
of bladder cancers are diagnosed as non-muscle-invasive bladder cancer (NMIBC) 
[3]. In the remaining 25–30% of patients, BC has already invaded deeper layers of the 
bladder wall (MIBC: muscle-invasive disease) or formed metastases. Transurethral 
resection of the bladder tumor (TURBT) is the mainstay therapy of those with 
NMIBC, whereas radical removal of the bladder (RC: radical cystectomy) is imple-
mented in those with MIBC [4]. If left without treatment, most patients with MIBC 
succumb to the disease within 2 years of diagnosis [5]. Therefore, radical cystectomy, 
followed by meticulous pelvic lymph node dissection, has become the gold standard 
way of management of muscle-invasive bladder cancer. However, bladder cancer 
treatment remains a critical issue that requires an urgently new therapeutic approach 
to fight against this disease.

2. Bladder cancer diagnosis and treatment

There are many approximations to perform bladder cancer diagnosis as cellular 
morphology analysis and recently the use of novel molecular biomarker as proteins 
or non-coding RNAs. For instances, urinary cytology evaluates the morphological 
changes in exfoliated cells from the urinary tract to assess abnormalities [6]. However, 
the sensitivity of urine cytology varies according to cancer grade. In high-grade uro-
thelial cancer, the sensitivity is as high as 86%, but it is 20–50% in low-grade cancers 
[3]. It is possible to yield more cellularity, using methods such as catheterization and 
intravesical washing, but they are limited because of the invasiveness and artifacts 
caused by the maneuvers [7]. About the urine cytology, a critical issue is that abnor-
mal urine cytology results imply the presence of a tumor, but negative results do not 
ensure normal conditions. An important problem in urinary cytology corresponds 
to the cells named borderline: cells that are non-normal but atypical and therefore 
are confusing for follow-up and diagnosis. Nuclear matrix protein-22 (NMP-22) is 
involved in the appropriate distribution of chromatin during cellular proliferation 
and exists at a low level in normal cells but at prominent levels in tumorous conditions 
[8]. NMP-22 improves the positive predictive value of urine cytology from 30 to 60% 
[9]. However, due to its variable performance between assays, individuals and even 
institutions restrict their use in clinics [10].

From a genetic point of view, bladder cancer exhibits aneuploidy of chromosomes 
(3, 7, and 17) and deletion of the 9p21 locus. This chromosomal profile is the start-
ing point for the development of the commercial kit UroVysion, based on the use 
of fluorescence in situ hybridization (FISH) to detect chromosomal abnormalities 
[11]. This test was approved by the FDA in 2001 and has been used to diagnose the 
recurrence of BC from 2001 and to examine gross hematuria from 2005. In addition, 
it has been suggested that UroVysion FISH be used to judge the response to intravesi-
cal BCG therapy. However, one of the big problems about this detection system is 
its complicated interpretation, which requires expert cytopathology’s interpretation 
and expensive equipment; therefore, the expansion of this diagnostic methodology is 
restricted at present.

Cancer therapy is an expanding field in search of novel drugs or multimodal 
approaches to delay or stop the progression of disease. In the case of BC, advanced 
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disease is best treated with systemic cisplatin-based chemotherapy. At present, immu-
notherapy is emerging as a viable treatment for patients in whom first-line chemo-
therapy cannot control the disease. Moreover, treatment of patients with advanced 
disease is undergoing rapid changes as immunotherapy with checkpoint inhibitors, 
targeted therapies, and antibody−drug conjugates has become an option for certain 
patients with various stages of disease.

The FDA serially approved the immune checkpoint inhibitors (ICIs) such as 
atezolizumab, durvalumab, avelumab, pembrolizumab, and nivolumab from 2016 to 
2017. Unfortunately, response rates of ICIs result in approximately 20% in patients 
with advanced BC [12].

This is the beginning of precision medicine for the treatment of patients with 
this type of malignancy. However, despite the progress in personalized medicine and 
discovery of novel therapeutic drugs, BC remains an important public health prob-
lem. Therefore, new molecular targets are urgently needed for the treatment of this 
disease.

3. Long non-coding RNAs

Long non-coding RNAs (lncRNAs) belong to a larger and expanding group of 
non-coding RNAs (ncRNAs) and are classified as 200 nt–100-kb long transcripts, 
in the absence of open-reading frame [13]. LncRNAs represent a large (>80%) 
and a very heterogeneous group of ncRNAs, with their expression depending on 
the tissue and cellular context [14]. These transcripts are indispensable in various 
cellular processes, including transcription, intracellular trafficking, and chromo-
some remodeling. In addition, lncRNAs functioning as regulatory factors have 
been addressed in several complex cellular processes, such as cell death, growth, 
differentiation, apoptosis, epigenetic regulation, genomic imprinting, alternative 
splicing, regulation of gene expression at posttranscriptional level, chromatin 
modification, inflammatory pathologies, and, when deregulated, also in various 
cancer types [15].

Among the main advantages of lncRNAs that make them suitable as cancer diag-
nostic and prognostic biomarkers is their high stability while circulating in the body. In 
addition, lncRNA deregulation in primary tumor tissues is clearly mirrored in various 
bodily fluids, including whole blood, plasma, urine, saliva, and gastric juice [16].

3.1 Long non-coding RNAs in bladder cancer

In BC, many oncogenic lncRNAs have been shown to be strongly related in bladder 
carcinogenesis. The lncRNA metastasis-associated lung adenocarcinoma transcript 
1 (MALAT1) has been shown to be upregulated in bladder cancer. The effects of 
MALAT1 knockdown on the inhibition of tumor metastasis have been confirmed in 
animal models [17, 18], and the experimental evidence indicates that MALAT1 exerts 
its role in cancer progression and metastasis by enhancing EMT.

Long intergenic non-coding 00346 (LINC00346) silencing can prevent cell 
proliferation and migration in bladder cancer and can trigger cell cycle arrest and 
cell apoptosis [19]. The overexpression of lncRNA small nucleolar RNA host gene16 
(SNHG16) is significantly correlated with aggressive bladder cancer, and its knock-
down can enhance the effect of chemotherapy in bladder cancer cell lines [20]. 
Terminal differentiation-induced ncRNA (TINCR) has been demonstrated to be 
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upregulated in bladder cancer tissues and cells and participates in cancer development 
and progression [21].

Silencing of antisense non-coding RNA in the INK4 locus (ANRIL) induces an 
inhibition of cell proliferation and increase in the cell apoptosis, together with dimin-
ished expression of Bcl-2 and elevated expressions of Bax, cytoplasmic cytochrome c, 
Smac, cleaved caspase-9, caspase-3, and PARP, which are proteins actively involved in 
apoptosis. In vivo studies endorsed the effect of ANRIL silencing in the suppression of 
tumorigenicity of bladder cancer cells in nude mice [22].

The lncRNA-growth arrest-specific 5 (GAS5) is regarded as a tumor suppressor 
in bladder cancer because the knockdown of this gene increases bladder cancer cell 
proliferation, while its forced overexpression inhibits cell proliferation [23]. A recent 
study has shown that overexpression of GAS5 decreases chemotherapy resistance to 
doxorubicin in bladder carcinoma [24].

The experimental evidence indicates that lncRNAs can influence oncogenesis and 
tumor formation in bladder tissues and constitute a novel therapeutical target for 
diagnosis and treatment.

3.2  A new and exciting family of long non-coding RNAs in bladder cancer: 
chimeric transcripts

In recent years, a new group of non-coding RNAs have been identified in cancer. 
These are named fusion genes, which are the consequences of structural rearrange-
ments of the genome as copy number variations, translocations, and inversions, 
resulting in the concatenation of two different genes or gene fragments [25]. Fusion 
transcripts or chimeric RNAs that originate from fusion genes are unique to a cancer 
type, and they are used as novel tools to understand the underlying mechanisms of 
malignancy and can serve as effective diagnostic and prognostic markers and novel 
molecular targets [26].

Several groups have shown that chimeric fusion RNAs can be found in various cells 
and tissues, and some are shown to be the products of intergenic splicing and trans-
plicing, instead of chromosomal rearrangement [27, 28]. On the other hand, recent 
work on RNA trans-splicing [29–31] and intergenic cis-splicing [32] has supported 
a new paradigm for new and exciting roles of these chimeric RNAs in normal and 
tumor cell physiology.

Recently, it was described that after an exhaustive analysis of nearly 300 RNA-Seq 
libraries, covering 30 different non-neoplastic human tissue an cells, including 15 
mouse tissues, a large number of chimeric RNAs were found; for instance, 291 chime-
ric transcripts were seen in more of one sample or tissue, and instead of being tran-
scriptional noise, most of them are functional and translated in chimeric proteins, but 
interestingly, a large population of fusions may function as non-coding RNAs [33].

In the case of bladder cancer, some chimeric RNAs are being validated in cells 
and clinical samples; for example, two non-coding RNAs, BCL2L2-PABPN1 and 
CHFR-GOLGA3, were detected to be expressed significantly higher in bladder cancer 
samples compared to adjacent normal samples, and these two fusions are generated 
by cis-splicing between adjacent genes and detected mainly in the fraction of cell 
nucleus, suggesting a potential long non-coding RNA role in cancer [34]. These novel 
chimeric RNAs are a new player in the biology of cancer.

“Normal” long non-coding RNAs have been described extensively in association 
with contrasting functions in bladder cancer; several oncogenic and tumor suppressive 
lncRNAs have been identified, such as H19, MALAT1, MEG3, SNHG16, TUG1, and 
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UCA1 [35]. LncRNA expression levels often correlate with prognosis and metastasis for-
mation [36, 37] or occurrence of therapy resistance [38]. In bladder cancer, the upregu-
lation of UCA1 was found to induce epithelial mesenchymal transition (EMT), tumor 
cell migration, and invasion [39], and it was shown to have a pivotal role in the induction 
of cisplatin and gemcitabine resistance. Because of their significant role in cancer devel-
opment, lncRNAs might be potential targets for development of new therapies.

4.  Mitochondria as a source of chimeric long non-coding RNAs: novel 
target for bladder cancer treatment

The mitochondrial genome, unlike the complex nuclear genome, is a compact, 
circular, and double-stranded DNA encoding only 13 proteins, which are all subunits 
of the electron transport chain as well as two rRNAs (16S and 12S) and 22 tRNAs 
required for their translation [40]. Mitochondrial DNA (mtDNA) is composed of 
heavy (H-strand) and light (L-strand) strands due to the uneven distribution of 
guanines between DNA strands [41]. In humans, the H-strand of mitochondrial DNA 
is a template for the transcription of most mitochondrially encoded genes, while the 
transcription of the complementary L-strand results in the formation of mostly non-
coding RNA (ncRNA) [42].

Our laboratory has described a family of chimeric long non-coding RNAs of 
mitochondrial origin. One of them, named sense non-coding mitochondrial RNA 
(SncmtRNA), is expressed in both normal proliferating cells and tumor cells. This tran-
script of 2374 nucleotides contains a long-inverted repeat (IR) linked to the 5′ end of 
the mature 16S mitochondrial rRNA (16S mtrRNA). The presence of the IR generates 
a stem-loop structure with an 820-bp double-stranded region and a 40-nt loop [43]. 
Beside the ScnmtRNA, normal proliferating cells express two novel chimeric RNAs, 
both containing IRs linked to the 5′ region of the antisense 16S mtRNA transcribed 
from the L-strand of the mtDNA, named antisense ncmtRNA-1 (ASncmtRNA-1) and 
ASncmtRNA-2. According to in situ hybridization assays, these transcripts show a low 
level of expression in tumor cells and tumor tissues derived from patients. In contrast, 
these RNAs are highly expressed in normal proliferating cells [44].

To evaluate the role of these chimeric RNAs, interference assay was made using 
antisense oligonucleotides targeting both antisense transcripts, using a phosphoro-
thioate oligonucleotide targeting the common loop region of both ASncmtRNAs. We 
show that the knockdown of the low copy number of ASncmtRNAs in several tumor 
cell lines induces cell proliferation arrest and cell death mediated by apoptosis with-
out affecting the viability of normal cells. In addition, knockdown of ASncmtRNAs 
potentiates apoptotic cell death by inhibiting survivin expression, a member of the 
inhibitor of apoptosis (IAP) family [45].

This molecular approximation suggests us that the ASncmtRNAs are promising 
targets for cancer therapy, including bladder cancer. Therefore, we evaluated the 
effects of antisense treatment in vitro and in vivo in bladder cancer. We found that 
antisense treatment in three different cell lines, UMUC-3, RT-4, and T-24, induces 
a strong inhibition of cell proliferation mediated by apoptosis induction. Moreover, 
the treatment negatively impacts the invasive capacity and spheroid formation of 
UMUC-3 cells, mediated by the downregulation of N-cadherin and MMP11. This 
anti-tumoral action was validated in in vivo assays using subcutaneous xenograft 
model and patient-derived xenograft (PDX), where a strong delay of tumor growth 
was observed [46].
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4.1  Putative mechanism of induction of cell death after knockdown of 
AsmcmtRNAs

As indicated above, knockdown of antisense non-coding mitochondrial RNAs 
using a complementary oligonucleotide against the loop region results in cell death 
and apoptosis induction in tumor cells. Recently, we have performed a transcrip-
tomic analysis of changes induced after knockdown of these transcripts in the 
breast cancer cell line MDA-MB-231. This analysis was performed because we show 
that ASncmtRNA knockdown induces cell death preceded by proliferative block-
age. A partial answer to this cell proliferation block is the fact that knockdown of 
ASncmtRNAs induces downregulation of some components involved in cell cycle pro-
gression and cell survival, as cyclin B1, cyclin D1, CDK1, CDK4, and survivin, with 
the latter also constituting an essential inhibitor of apoptosis. An interesting effect 
observed post-treatment was the induction of an increased level of the microRNA 
hsa-miR-4485-3p. Validation of the target molecule of this miRNA using a mimic 
shows that in transfected cells the mRNAs of cyclin B1 and D1 are strongly down-
regulated [47].

Preliminary in silico analysis of the affected pathways indicated that proteins 
involved in cell cycle, apoptosis induction, and cell survival are affected. Moreover, 
the analysis of the miRNAs that show significant changes in its expression levels 
shows that some of these small non-coding RNAs have molecular target mRNAs that 
code for cell cycle checkpoint proteins and cell survival (unpublished results).

These last results constitute an effort to understand the mechanisms underly-
ing the induction of cell death after the knockdown of ASmtncRNAs and sheds 
light on the role of this family of transcripts in cell cycle progression and tumor 
biology.

5. Conclusions

Despite the advances of the therapeutic tools developed against bladder cancer, 
this disease is still a major public health problem, and new molecular targets are 
required.

Non-coding RNAs are transcripts that do not code for proteins and are 
involved in the regulation of multiple metabolic pathways in normal cells and 
tumor cells. Therefore, they constitute a novel family of molecules that may 
constitute novel therapeutic targets. Chimeric long non-coding RNAs are novel 
transcripts, and their importance in bladder cancer has recently been evaluated. 
In this novel field, the mitochondria may play a key role as a source of chimeric 
transcripts that can constitute new and efficient therapeutic targets. Therefore, 
the role of these RNAs in the biology of bladder carcinogenesis warrants inten-
sive research to understand their specific role in cancer biology and improve the 
options for new and effective molecular targets that ensure the efficacy of treat-
ments against this disease.

Acknowledgements

This research was funded by Centro Ciencia & Vida, FB210008, Financiamiento 
Basal para Centros Científicos y Tecnológicos de Excelencia de ANID, Chile.



Long Non-Coding Mitochondrial RNAs as Novel Molecular Target for Bladder Cancer Treatment
DOI: http://dx.doi.org/10.5772/intechopen.108899

7

Author details

Jaime Villegas O.1,2,3*, Vincenzo Borgna4,5,6, Carlos Contreras2, Emanuel Jeldes1,  
Luis O. Burzio2,3 and Verónica Burzio1,2,3

1 Centro Científico y Tecnológico de Excelencia Ciencia & Vida, Santiago, Chile

2 School of Medicine Veterinary, Faculty of Life Sciences, Universidad Andrés Bello, 
Santiago, Chile

3 Andes Biotechnologies Spa, Chile

4 Urology Department, Hospital Barros Luco Trudeau, Chile

5 Faculty of Medicine and Science, Universidad San Sebastian, Chile

6 School of Medicine, Universidad de Santiago de Chile, Santiago, Chile

*Address all correspondence to: jaime.villegas@unab.cl

Appendices and nomenclature
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Chapter 2

Urobiome and Bladder Cancer
Brent Gilbert and Taryn Naidoo

Abstract

Microbiome studies, fueled by the availability of high-throughput DNA-based 
techniques, have shown that microbiome alterations is associated with human disease 
including cancer. Traditionally, bladder epithelium and urine have been considered 
sterile in healthy individuals. This was based primarily on microbiological urine  
cultures, best suited for detecting aerobic, fast-growing uropathogens. Microbiome 
and new culturing techniques have shown that urine is not sterile but contains distinct 
commensal microorganisms and that alterations in commensal bladder microbes is 
associated with bladder cancer. This chapter focuses on identifying commensal and 
tumorigenic bladder bacteria, the alterations that occur in bladder cancer and impact 
on current treatments.

Keywords: bladder cancer, microbiome, urine cultures, schistosomiasis, urobiome

1. Introduction

The human microbiome consists of all bacteria, viral and fungal genetic material that 
coexists within our body [1, 2]. The microbiome is involved in a number of complex inter-
actions with host cells, metabolic processes and the immune system which can culminate 
in suppression or enhancement of cancer [1]. The microbiome is not a stable entity but 
changes with time as people age and can be directly altered by a number of environmental 
and host factors [1]. To better understand the human microbiome a concerted interna-
tional effort began to catalog the core microbial composition of healthy human body in 
the Human Microbiome Project (HMP; https://commonfund.nih.gov/hmp/) [2].

As a result of this endeavor microbial changes have been shown to be associated with 
multiple malignancies including colorectal, gastric, lung and breast [3]. Originally the 
urinary microbiota was not included in the HMP [2]. Historically it has been taught that 
the bladder and urine are sterile. This concept dates back to early experiments by Louis 
Pasteur who found that urine contained in sealed vials did not become cloudy – suggest-
ing a lack of bacteria [4]. Over subsequent decades culturing techniques improved but 
only enabled detection of a limited number of bacteria, mainly aerobic, fast-growing 
bacteria such as Escherichia coli [4]. Anaerobic, slow-growing bacteria with complex 
nutritional needs were not detected using traditional culturing techniques. Analysis of 
traditional culturing techniques disregarded low bacterial yields as contaminates which 
further perpetuated the belief that urine was sterile and any bacteria grown must be a 
contaminate or an invading pathogen from genital, skin or gastrointestinal source [4].

This presumption came into refute ten years ago when it was shown that through 
next generation sequencing techniques (NGS) using 16 s ribosomal RNA PCR and 
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whole genome shotgun sequencing that urine is not sterile but replete with various 
microorganisms and biofilms [5]. These findings found that the healthy human 
bladder is colonized by a living, dynamic environment of changing microbiota. Many 
of the microorganisms characterized in urine were not known to cause symptomatic 
urinary tract infections (UTI) and are believed to be commensals. Utilization of NGS 
has enabled identification of new commensal and emerging uropathogens [5–8].

A drawback of NGS techniques is its inability to show the viability of bacteria 
identified. As a result traditional urine culturing techniques have improved to 
broaden the range of identifiable bacteria [9]. The use of expanded quantitative 
urine culture (EQUC) protocols have been incorporated into routine practice [9]. 
Compared to traditional culturing techniques, EQUC analyses a larger volume of 
urine. Samples are inoculated into multiple growth mediums and are incubated for 
longer periods of time under aerobic and anaerobic conditions [9]. The combined 
use of NGS and EQUC strategies has improved detection of urinary microbes, but 
distinguishing commensal from potential uropathogen continues to be defined.

The collection of microbes in the urine has been coined the urobiome and imbal-
ances in a healthy urobiome is referred to as dysbiosis. Urinary dysbiosis is believed to 
contribute to a number of urological conditions including interstitial cystitis, chronic 
lower urinary tract symptoms and bladder cancer [10].

2. The Urobiome

2.1 Urine sampling

Urine sampling methods can dramatically impact bacterial detection and must be 
taken into consideration when trying to establish the normal urine microbiome. Many 
studies have used midstream urine samples which is not a sterile collection method. It 
has the potential to contain contaminants from peri-urethral or genital tract and may 
mislead proper characterization of the urine microbiome in favor of urogenital micro-
biome [8, 11]. Given anatomic differences between men and women this also poses 
variation of the sources of contamination. Transurethral catheters reduces the risk 
of contamination but it is invasive and can still potentially result in urethral bacterial 
contamination during catheter insertion [12]. Collecting urine via suprapubic aspira-
tion is regarded as the most accurate method and produces less risk contamination, 
however one study has shown that urine microbiota obtained via transurethral cath-
eter or suprapubic aspiration produces similar results [5]. Regardless of the specimen 
collection technique the urobiome has been shown to change considerably based on 
age, gender, race and geographic distribution [5, 8].

2.2 Defining the healthy Urobiome

Compared with vaginal and gut microbiota, the urinary microbiota has signifi-
cantly less biomass. For instance, female urine is estimated to contain 104-105 colony 
forming units (CFU) /mL compared to 1012 CFU in feces [7]. There have been 562 
documented species in urine and there is significant overlap with gut (64% similar) 
and vaginal (31% similar) microbes such that only 185 species identified are unique to 
urine [13, 14].

The urobiome predominantly consists of bacteria and to a lesser extent fungi, 
viruses and arachae. Taxonomically, microbes are classified according to phyla, 
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classes, orders, families, genera, and species. The phyla taxa of the urobiome is 
similar for men and women with the majority of bacteria belonging to the phyla 
Firmicutes (65% in males vs. 73% in females). The other predominate phyla include 
Actinobacteria (15% in males, vs. 19% in females), Bacteroidetes (10% in males 
vs. 3% in females) and Proteobacteria (8% in males vs. 3% in females) and 2-3% is 
spread across a number of low abundant phyla [11]. Urine from healthy men and 
women share a number of common genera with the three most prominent being 
Lactobacillus, Corynebacterium and Streptococcus [6, 8]. There are, however, 
distinct differences between the female and male urobiome.

2.3 The female Urobiome

Given the anatomical proximity between the bladder and vagina, microbial coloni-
zation of the bladder may originate or be interconnected with the vaginal microbiota. 
Same donor studies have revealed significant overlap of uropathogens and commen-
sals residing in vaginal and vesicle microbiotas [15, 16]. Similar organisms included E. 
coli, Streptococcus anginosus, Lactobacillus iners, Lactobacillus crispatus and the opera-
tive taxonomic units (OTU) of Gardnerella, Prevotella, Ureaplasma [15, 16].

Lactobacillus is the most abundant genus found in the female urobiome and has 
significantly higher levels than those seen in men [7, 8, 11, 17]. Decreased levels of 
Lactobacillus have been associated with women of advanced age and pathological 
states such as UTI and Bladder cancer (BCa) [8, 18–21]. However reduced levels of 
Lactobacillus is not always a predictor of health as increased Lactobacillus gasseri is asso-
ciated with urge urinary incontinence (UUI). Gardnerella, the second most abundant 
genera in the urobiome is also a genitourinary microbe. Gardnerella genus primarily 
consists of Gardnerella vaginalis and is a potential UTI causing uropathogen [7].

2.4 The male Urobiome

The male urobiome is less studied than the female urobiome and samples are often 
obtained from mid-stream urine which are prone to contamination [6]. The male 
microbiome is predominantly characterized by Corynebacterium [8] and Streptococcus 
[11] and contains less abundant Lactobacillus compared to women [7, 8, 11, 17]. 
Pseudomonas has also only been identified healthy men and Staphylococcus haemolyti-
cus appears to have higher relative abundance in men than women [22].

2.5 Age related Urobiome changes

A number of bacteria have been shown to decrease with age. In women these 
include Lactobacillus, Bifidobacteria, Sneathia, Shuttlewothia and Bacillus [16, 19, 23]. 
These changes are thought to coincide with a reduction in estrogen associated with 
menopause. Conversely post-menopausal women show an increased relative abun-
dance of Mobiluncus, Oligella and Porphyromonas [23]. Regardless of gender, individu-
als over 70 years have increased levels of Jonquetella, Parvimonas, Proteiniphilum and 
Saccharofermentans [6, 23].

2.6 The urine Virome

A number of human and bacteriophage viruses have been characterized in healthy 
urine specimens. Human viruses such as BK and JC polyomavirus, Herpesvirus, 
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Adenovirus and Anellovirus are known to reside in human urine [22, 24, 25]. These 
viruses have the potential to cause UTIs in immunocompromised hosts and have 
been associated with overactive bladders [24, 26]. Human papillomaviruses (HPVs) 
have also been detected in voided urine and bladder tissue [27, 28]. High risk HPV 
genotypes associated with cervical cancer have also been attributed to condyloma 
acuminatum of the bladder but there has been no direct correlation with bladder 
specific cancer [29, 30]. Urine may serve as a potential reservoir for local transmission 
of human viruses.

The vast majority of viruses in urine are bacteriophages. These viruses infect uri-
nary bacteria such as Lactobacillus, Gardnerella, E. coli, Enterococcus, Pseudomonas and 
Staphylococcus [26]. Bacteriophages have been found in the urinary microbiota of both 
healthy women and women with UTIs [26]. Complete cataloging of bacteriophages in 
the urinary virome is ongoing and their contribution to urinary dysbiosis and poten-
tial association with bladder cancer is being defined [26].

2.7 The fungal and archaea Urobiome

It is difficult to ascertain if fungal and archaea cultures are naturally occurring 
in the urobiome or whether they are a source of contamination [31]. Midstream 
urine has the potential to become contaminated by nearby genitals which is known 
to contain fungal cultures. However, catheterized urine samples from middle aged 
female patients has shown to contain Candida spp. [7]. To date, the only archaea to be 
associated with urine is Methanobrevibacter smithii - a well-studied normal organism 
of the gut microbiota that it is associated with Enterobacteriaceae UTIs [32].

3. The Urobiome and bladder cancer

The relationship between the urine microbiome and cancer remains to be defined. 
It is possible that the urinary microbiome influences the development or progression 
of bladder cancer or alternatively bladder cancer influences the diversity, composition 
and abundance of bladder microbes.

One hypothesis is that the bladder microbiome alters the extracellular matrix 
which may inhibit or promote inflammation and urothelial cell carcinogenesis. When 
the urothelial barrier is breached, inflammatory responses promoted by opportunistic 
invasion of resident microbes may promote tumorigenesis. Biofilms, are microbial 
communities embedded in a biopolymer matrix. They are highly resistant to antibiot-
ics and host immune responses and therefore can potentiate and propagate chronic 
inflammation. Bacterial biofilms have been shown to play a role in the development 
of a number of cancers including BCa [33]. Biofilms promote bacterial adherence, 
urothelial cell injury and correlates with a higher risk of developing BCa [33].

3.1 Schistosomiasis and bladder cancer

In North America and Europe approximately 90% of BCa are urothelial cell 
carcinoma (UCC) [34]. In Africa and the Middle East UCC bladder cancer represents 
53-69% of cases and 10-40% of cases are squamous cell carcinoma (SCC) due to 
endemic infections of Schistosoma species [35].

Schistosoma haematobium and Schistosoma mansoni are common parasitic flukes 
that are found in fresh water primarily in sub-Sarahan Africa, South America and 



17

Urobiome and Bladder Cancer
DOI: http://dx.doi.org/10.5772/intechopen.107515

sporadically in the Middle East [36]. The parasites enter the urinary tract via exposure 
to fresh water and lay eggs which cause inflammation and scarring of the genitouri-
nary tract [36]. This chronic inflammation leads to squamous cell metaplasia of the 
urothelium and over time results in squamous cell carcinoma of the bladder [36].

The exact mechanism by which Schistosoma ova causes SCC is unclear but two fac-
tors are suspected. Firstly squamous epithelium shows greater proliferation compared 
to urothelial cells and hence the higher turnover of cells increase the spontaneous 
risk of genetic alterations that can cause cancer [37]. Secondly, chronic inflammation 
and exposure to environmental agents can combine to generate genotoxic urinary 
substances such as N-butyl-N-(4-hydroxybutyl) nitrosamine (N-Nitrosamines). 
N-Nitrosamines are generated in very high levels in the urine of Schistosomiasis patients 
and are known carcinogenic compounds [38]. Chronic schistosomiasis leads predomi-
nantly to SCC rather than UCC with approximately 70% of infected patients develop-
ing SCC; however many patients will have both SCC and UCC [39]. Interestingly, 
alterations in the urobiome may influence Schistosomiasis related bladder cancer. 
Individuals infected with Schistosomiasis and had urine colonized with Fusobacterium, 
Sphingobacterium or Enterococcus were more likely to progress to bladder cancer [40]. 
It is suggested that strains of bacteria which mediate the formation of N-nitrosamines 
contribute to schistosomiasis-induced bladder cancer [40].

3.2 Urothelial cancer and the Urobiome

The urobiome and its role in bladder cancer is an emerging field of investigation 
and the interpretation of findings is often difficult to appreciate given the various 
host, environmental and sampling factors that contribute and can significantly alter 
the composition of the urobiome. There is also a great deal of variation when it comes 
to specimen processing, sequencing targets, taxonomy assignment databases and 
statistical analysis performed. These issues must be taken into consideration when 
interpreting findings. Most of our understanding so far regarding the urobiome in 
bladder cancer is generated from retrospective cohort and case control studies. There 
have been very few prospective or higher level research studies to date [41].

Bacterial diversity within a sample is quantified by several statistical methods and 
is expressed as alpha-diversity (α-diversity). Whereas beta-diversity (β-diversity) is 
a measure of diversity between two environments ie; bladder cancer vs. no cancer. So 
far there is no consensus regarding BCa urine/tissue having greater or less bacterial 
diversity or species richness [41]. However there are certain genus/species which have 
been reported to be more common in BCa specimens (Table 1).

3.3 Microbial changes in urothelial cancer

A number of studies have identified higher abundances of Acinetobacter genus 
in tissue and urine of bladder cancer patients [20, 21, 42, 43]. Acinetobacter is a 
complex genus consisting of gram-negative, anaerobic, biofilm forming species [44]. 
Acinetobacter is capable of adhering, degrading and invading urothelial barriers. 
This allows it to evade antibiotics and host immune responses and possibly promote 
carcinogenesis directly through urothelial injury or alterations of cell-cycle prolifera-
tion, or indirectly enabling invasion of other opportunistic tumorigenic uropathogens 
[44, 45]. Actinomyces genus is a common urogenital commensal that is often seen in 
women and has the potential to cause suppurative and granulomatous opportunistic 
infections. Actinomyces, in particular A. europaeus, is increased in the urine of BCa 
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Genera Sample Bladder 
Cancer Trend

Known functional effect

Acinetobacter Urine
Tissue

↑
↑

Biofilm forming genus
Invasive pathogen that can degrade phospholipid 
membranes
Associated with urothelial cancer in other species

Actinomyces
(A. europaeus)

Urine ↑ Opportunistic uropathogen

Actinotignum Urine ↑ Opportunistic uropathogen elevated in women

Anaerococcus Urine ↑ Biofilm producer
Opportunistic uropathogen
Extracellular matrix remodeling

Aeromonas Urine ↑ Secrete extracellular proteases

Tepidomonas Urine ↑ Secrete extracellular proteases

Pseudomonas Urine ↑ Secrete extracellular proteases
Secretes anti-tumor exotoxin-A immunotoxin
Elevated in BCG Responders

Burkholderia Urine
Tissue

↑
↑

Inhibits tumorigenesis by blocking CTLA-4 
signaling

Sphingomonas Urine
Tissue

↑ Degrades aromatic compounds

Escherichia-
Shigella

Urine
Tissue

↓
↑

Uropathogen
Secretes genotoxic colibactin toxin
Elevated in BCG responders

Klebsiella Tissue ↑ Uropathogen
Secretes genotoxic colibactin toxin
Elevated in BCG responders

Lactobacillus Urine
Tissue

↓
↓

Probiotic with Anti-tumor properties
Secretes lactic acid and H2O2
Competitively excludes uropathogens
Increases effectiveness of epirubicin

Bifidobacterium Urine ↓ Induces apoptosis via multiple pathways

Roseomonas Urine ↓ Improves epithelial barriers
Suppresses S. Aureus
Immunomodulation through lipid mediated TNFa-
receptor signaling

Corynebacterium Urine ↑ and ↓ Opportunistic uropathogen
Hydrolyzes lipids yielding anti-bacterial free fatty 
acids.

Veillonella Urine
IDC Urine

↓
↑

Utilizes lactic acid produced by Lactobacillus
Reduces nitrate levels by converting it to nitrite

Streptococcus Urine ↑ and ↓ Large genus with multiple species
Species have tumorigenic and anti-tumorigenic 
potentials

IDC – indwelling catheter; BCG – Bacille Calmette-Guerin; TNFα – Tumor Necrosis Factor α; CTLA-4 -Cytotoxic 
T-lymphocyte associated protein 4.

Table 1. 
Summary of genera that have been identified in more than one study and implicated in attenuation or progression 
of bladder cancer.
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patients [18]. Actinotignum, an Actinomyces-like organism is a urine commensal 
and opportunistic uropathogen that was only elevated in female BCa patients [46]. 
Anaerococcus, Tepidomonas and Pseudomonas are elevated in voided BCa urine they 
and can induce inflammation and remodeling of the extracellular matrix (ECM) 
which provides access to the suburothelial space for opportunistic tumorigenic 
uropathogens and may contribute to BCa onset, progression and relapse [42, 47, 48]. 
Aeromonas, Tepidomonas and Pseudomonas secrete extracellular proteases which 
disrupts the ECM [42, 48]. Pseudomonas may also have anti-tumor potential via the 
production of an exotoxin-A immunotoxin which shows specific and efficacious anti-
tumor cytoxocity [49]. To further support anti-tumor properties of Pseudomonas it is 
elevated in the urine of Bacille Calmette-Guerin (BCG) responders compared to BCG 
non-responders [47]. Burkholderia is a urinary commensal that is increased in BCa 
tissue and urine [47, 50]. Its role in BCa is unknown but it may inhibit tumorigenesis 
by blocking CTLA-4 signaling [51]. Sphingomonas is elevated in BCa tissue and urine 
and known to degrade carcinogenic aromatic compounds [20, 21, 42, 43, 52].

Corynebacterium is an abundant urinary commensal that is elevated in male 
urine and reported to be elevated in BCa urine by most studies [43, 50, 53, 54]. 
When detected in BCa urine it has been associated with high grade NMBC and 
MBC [8, 53, 54]. Corynebacterium species hydrolyze lipids and release free fatty 
acids with anti-bacterial activity and are also potential opportunistic uropathogens 
[55]. The role of Corynebacterium in the urobiome and possible contribution to BCa 
is not known. It is unclear if Eschericihia-Shigella and Klebsiella genus are elevated 
in BCa [20, 21, 50, 56, 57]. Eschericihia-Shigella and Klebsiella are uropathogens 
capable of influencing tumorigenesis by producing genotoxic colibactin; a toxin 
that induces DNA strand breaks resulting in genomic instability [58]. Eschericihia-
Shigella is also elevated in BCG responder urine which may indicate that certain 
bacteria may be needed to be present to prime the immune response for optimal 
BCG effect [56].

The majority of bacteria that are decreased in BCa tend to beneficial. Lactobacillus 
is a large genus that contributes significantly to the urine commensal population 
[8, 11]. Lactobacillus is urogenital commensal that is found in greater numbers in 
women compared to men and reduces post-menopause [23]. These microbes play an 
important role in regulating UTIs through the production of lactic acid and hydrogen 
peroxide, colonizing resistance and competitively excluding pathogens [59]. The 
protective role of Lactobacillus may translate into reduced tumorigenesis which may 
help to explain the sex-disparity of bladder cancer [60]. Bifidobacterium [18] has been 
shown to induce apoptosis through intrinsic and extrinsic pathways that involves 
increasing expression of Fas, FasL, Cyt-C, Caspase-3, Caspase-9 and lowering cancer 
proliferation proteins such as PCNA, PFK-B, HKK-1, PKM2 [61]. Roseomonas is an 
immunomodulation genus that can improve epithelial barriers and suppresses com-
peting bacteria such as Staphylococcus aureus through lipid mediated TNFα- receptor 
signaling [62].

Veillonella and Streptococcus genus are both urinary commensals that have protec-
tive potentials which have been shown to be decreased and increased in BCa [18, 43, 
47, 54, 56, 57]. Veillonella is a probiotic that is capable of using lactic acid produced by 
Lactobacillus and converting nitrates to nitrites [63]. Higher nitrate levels are thought 
to contribute to N-nitrosamines formation and increased risk of bladder cancer [64] 
Streptococcus is a large genus which contains a number of species with tumorigenic 
and anti-tumorigenic potentials [65, 66]. Further investigation at the species level is 
needed to clarify the role that Streptococcus plays in BCa.
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4. The Urobiome and bladder cancer treatment

4.1 Probiotics

Before the microbiome era researchers were aware that oral administration of pro-
biotic bacteria could potentially reduce incidence and recurrence of bladder cancer 
[67–69]. Specifically, Lactobacillus casei and Lactobacillus rhamnosus were shown to 
have cytotoxic effect on BCa cells and inhibited BCa growth. The mechanism may be 
propagated through NK cell activity but this is not known for sure [70]. A random-
ized controlled trial compared standard intravesical epirubicin alone with epirubicin 
plus one year oral intake of L. casei strain Shirota in patients who had undergone 
resection of intermediate-risk NMIBC. A statistically significant 15% absolute 
reduction in long-term tumor recurrence was seen in the group that received the oral 
probiotic. However the dropout rate of the probiotic group was 3.5 times the control 
group and this called into question the reliability of this study [71]. Given that there is 
renewed interest in microbial influence in BCa and we have new tools to evaluate the 
microbiome these studies may need to be re-investigated.

4.2 Bacille Calmette-Guerin (BCG) treatment

Intravesical BCG instillations have been a mainstay of adjuvant therapy for high 
and intermediate risk of non-muscle invasive bladder cancer (NMIBC). BCG failure 
leading to disease recurrence and progression remains a significant clinical issue. 
Recent microbiome research has shown that Escherichia-Shigella, Pseudomonas, and 
Serratia were significantly more abundant in the urine of BCG responsive patients 
compared to non-responders [56]. The belief is that uropathogenic bacteria is needed 
to help prime the immune directed response of BCG [72].

The complete mechanism by which BCG controls BCa proliferation still remains 
unclear. However, BCG is believed to bind fibronectin sites on the urothelial wall 
and become internalized through RAS and PI3K-PTEN dependent micropinocytosis 
process. The tumor-specific immune response increases in intensity over the course 
of the treatment period. A number of urinary microbes can bind fibronectin and have 
the potential to out-compete BCG for fibronectin binding and attenuate BCG efficacy. 
One such microbe is L. iners which is predominantly found in females and is shown to 
preferably bind fibronectin and decrease BCG efficacy [73]. Screening urine microbi-
ome and targeting fibronectin binding microbes ahead of BCG treatment may lead to 
improved treatment outcomes.

4.3 The Urobiome and immunotherapy

The role of the microbiome may extend to advanced BCa disease management. 
Immunotherapy agents, particularly those utilizing the PD-1/PD-L1 axis have seen 
increased use in advanced BCa. The efficacy of these agents have been associated with 
composition of the gut microbiome. It is plausible that the composition of the urobi-
ome may also influence the response of anti-PD1/PDL1 therapy. It has been reported 
that antibiotic use within one month of starting atezolizumab is associated with 
reduced overall survival in locally advanced and metastatic platinum-refractory BCa 
treated by atezolizumab [74]. An additional study has also shown that antibiotic use 
during pembrolizumab neoadjuvant immunotherapy in MIBC was associated with 
greater relapse and poorer outcomes [75].
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5. Conclusion

The dogma that urine is sterile is no longer acceptable as recent technological 
advances have shown that urine contains a number of commensal microbes. However, 
there is still much to learn about the urobiome regarding its composition and function 
during homeostasis and disease. A number of cross-sectional and case–control stud-
ies have identified changes in the urobiome associated with bladder cancer. However, 
further research using appropriate confounding controls and employing multi-omic 
approaches is required to clarify the implications of these taxonomic differences and 
their role in bladder cancer with the hope of establishing diagnostic or prognostic 
microbial markers and improved therapeutic modalities and outcomes.
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Chapter 3

Intracorporeal Urinary Diversion of 
Robot-Assisted Radical Cystectomy
Yasukazu Nakanishi, Shugo Yajima and Hitoshi Masuda

Abstract

With the widespread utilization of robot-assisted radical cystectomy (RARC) 
that demonstrated non-inferiority compared to open radical cystectomy in terms of 
several outcomes, urinary diversions are now performed for both extracorporeal and 
intracorporeal procedures. The potential benefits of intracorporeal urinary diversion 
(ICUD) include smaller incisions, reduced pain, reduced intraoperative blood loss, 
reduced bowel handling and exposure, and third space loss. ICUD following radical 
cystectomy requires many steps and a careful stepwise progression. Surgical volumes 
(RARCs per year) per center and per surgeon appear to be correlated with a reduc-
tion in complications. The European Association of Urology guidelines recommend 
that hospitals should perform at least 10, and preferably more than 20 operations 
annually. With the aim of generalizing ICUD, this chapter will discuss the following 
items: (1) Technique of intracorporeal ileal conduit; (2) Perioperative comparison of 
intracorporeal and extracorporeal urinary diversion in RARC; (3) Hybrid technique 
in robot-assisted intracorporeal ileal conduit; and (4) Intracorporeal ileal neobladder.

Keywords: intracorporeal urinary diversion, robot-assisted radical cystectomy, ileal 
conduit, ileal neobladder, surgical technique, perioperative outcomes

1. Introduction

Over the last decade, robot-assisted radical cystectomy (RARC) has been gradu-
ally adopted and has been shown to maintain oncological equivalence compared to 
open radical cystectomy (ORC) [1–4], including in randomized control trials (RCTs) 
[5–10]. In addition, RCT evaluating quality of life have reported stability in RARC 
compared to ORC [11]. The development of minimally invasive surgical techniques 
has been widely used in a variety of surgical with the adaptation of minimally inva-
sive techniques is to minimize surgical morbidity and improve recovery. With regard 
to urinary diversion following radical cystectomy, intracorporeal urinary diversion 
(ICUD) has become more common in recent years in place of extracorporeal uri-
nary diversion (ECUD). According to data of the International Robotic Cystectomy 
Consortium (IRCC) database, comprising data from 26 institutions, ICUD increased 
at a rate of 9–11% per year, from 9% of all urinary diversions in 2005 to 97% in 2015 
[12]. This trend was also observed for intracorporeal ileal neobladder alone [13]. This 
chapter mainly explains ICUD techniques and perioperative outcomes.
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2. Technique of intracorporeal ileal conduit

This chapter describes the method when using the da Vinci Surgical System 
(Intuitive Surgical Inc., Sunnyvale, CA, USA).

2.1 Port placement

Port placement is similar to robot-assisted radical prostatectomy (RARP), and 
both assistant ports are often 12 mm ports. All ports are placed approximately 2 cm 
higher than the usual position for RARP.

2.2 Preliminary steps of ICUD

After the completion of radical cystectomy, specimens are placed in an imperme-
able retrieval bag. In female patients, the specimen may be extracted through the 
vagina. In male patients, the specimens can be removed either through the subsequent 
ostomy sites or by enlarging the 12-mm camera port. Before undocking, the left ureter 
is guided to the right side through the back of the sigmoid colon and fixed to the 
ventral peritoneum through support threads over both ureters.

2.3 Repositioning

The robot is undocked and the Trendelenburg position is returned to 0–15 degrees. 
The robot is then re-docked in this new bed position. This maneuver allows the small 
bowel to return to the lower abdomen and pelvis, facilitating subsequent bowel 
manipulation for the intracorporeal diversion.

2.4 Determination of the ileal segment for diversion

The first step is to identify the ileocecal junction. Preserve at least 20 cm of ileum 
proximal to the ileocecal valve by introducing a 20-cm silk suture into the abdomen 
and using it to measure the length and distance of the bowel tract (Figure 1A). A 
segment of ileum is then identified and selected for the urinary diversion, tagging 
the proximal and distal ends of the bowel (Figure 1B). A 15–20 cm length of ileum 
is then resected depending on the patient’s body habitus. Cadiere forceps, which are 
less traumatic than the Prograsp or Maryland forceps, are recommended for bowel 
manipulation.

2.5 Ileal resection and reconstruction

After creating two mesenteric windows, the bowel lumen is divided proximally 
and distally by introducing a 45 or 60 mm stapler into the lateral assistant port using 
the da Vinci Xi Endo Wrist Stapler with SmartClamp technology. Indocyanine green 
(ICG) and the Firefly system may be used when undergoing ileal resection [14]. 
Proximal and distal bowel ends are identified and positioned in a side-to-side fashion. 
After the closed end of the bowel has been cut off with scissors and released, the da 
Vinci Xi Endo Wrist Stapler is inserted in the bowel segment, and side to side bowel 
anastomosis is carried out using one 45 or 60 mm bowel loads (Figure 1C). A final 
45 or 60 mm bowel load closes the horizontal part. The mesenteric window is closed 
with a shallow running suture to prevent internal bowel herniation.
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2.6 Ileal conduit diversion

Here we describe the Wallace surgical technique for uretero-ileal anastomosis [15]. 
The first step is to create the uretero-uretero anastomosis. The distal end of both ureters 
are spatulated using Monopolar Scissors to at least 20 mm to match the caliber of the 
ileum. The distal end of both spatulated ureters are marked as stay sutures using a 4/0 
absorbable suture. The inner opposite borders of both ureters are over-sewn using a run-
ning fashion with a 4/0 absorbable suture. The uretero-ileal anastomosis is constructed 
with two 15 cm lengths of 4/0 absorbable suture in a running fashion from the heel of 
the spatulation to the toe on each side (Figure 1D). After ureteroileal anastomosis is 
completed, a 6-Fr single-J ureteral stents are inserted into each ureter. A robotic arm is 
passed through the ileal conduit to guide the stent outside the ureter to the distal side of 
the ileal conduit. Then the anterior side of urtero-ileal anastomosis is completed. The 
right robotic arm is undocked and the assistant makes the stoma in the standard fashion.

3.  Perioperative comparison of intracorporeal and extracorporeal urinary 
diversion in RARC

To date, although several observational studies have suggested advantages of 
ICUD over EUCD, there are no RCTs comparing the differences between these two 
operative methods.

Figure 1. 
(A) Measuring distance of terminal ileum; (B) tagging the ileum to mark the incision site; (C) the stapler is 
closed and fired to create the anastomosis; (D) creation of Wallace posterior plate.
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The systematic review and meta-analysis [16] evaluating the perioperative 
outcomes between ICUD and ECUD reported no significant differences in overall and 
major complications between ICUD and ECUD. A subgroup analysis of high-volume 
centers showed that ICUD was significantly associated with a reduced risk of major 
complications [OR 0.57, 95% confidence interval (CI) 0.37–0.86, p = 0.008]. In terms 
of perioperative outcomes, estimated blood loss (EBL) and blood transfusion rates 
were significantly lower in patients who underwent an ICUD compared to those who 
underwent ECUD. In contrast, operative time, length of stay (LOS), and ileus and 
gastrointestinal (GI) related complications were not significantly different between 
these two methods. A subgroup analysis of low-volume centers showed that EBL and 
blood transfusion rates were significantly lower in patients who underwent ICUD 
(mean difference −121.6 ml, 95% CI −160.9 to −82.3, p < 0.00001 and OR 0.36, 95% 
CI 0.20–0.62, p = 0.00003, respectively).

Another systematic review and meta-analysis [17] reported that ICUD and ECUD 
had comparable early (<30 days) and late (30–90 days) complication rates. In terms of 
perioperative outcomes, EBL tended to be lower in patients who underwent an ICUD 
compared to those who underwent ECUD (mean difference –86 ml, 95% CI −124 to –48, 
p = 0.058). The transfusion rate was significantly lower in the ICUD group, 4.6% versus 
13.9% in the ECUD group (p < 0.001). The weighed mean difference of operative time in 
the ICUD and ECUD group was 16 (95% CI −34 to 66).

There is a caveat to these studies’ results. A relatively large number of urologists 
choose ECUD in the early stages of RARC implementation and then introduce ICUDs 
when they are proficient. Thus the results should be compared between the final 
period of ECUD and the period of ICUD implementation. With respect to proficiency 
after the introduction of ICUD, approximately 30 cases are expected to be needed to 
stabilize perioperative outcomes. In the Learning Curve estimate for RARC, almost 
30 cases have been agreed upon for this particular procedure to achieve a lymph 
node yield of 20 and a positive resection margin rate of 5% or less [18]. A study that 
evaluated learning curves for three groups of approximately 30 cases each of 100 
patients initially introduced to RARC revealed that the transfusion rate was low and 
stable after approximately 30 cases [19]. On the other hand, a retrospective analysis 
at a high-volume hospital reported that more than 137 cases were needed to stabilize 
perioperative outcomes, including major complications in 90 days, highlighting the 
need for substantial experience [20].

According to the systematic review and meta-analysis by Tanneru et al. [17], 
ICUD ileal conduits are more likely to be performed, especially in hospitals with more 
than 100 cases [12, 21, 22]. This is presumably because neobladder formation may be 
technically difficult and patient selection is more rigorous than with ileal conduits.

It has been noted that the ECUD group tends to have higher transfusion rates than 
the ICUD group. Several studies have shown that blood transfusions are associated with 
an increased risk of cancer recurrence and mortality after radical cystectomy, indicating 
the importance of reduced transfusion rates for oncologic outcomes [23, 24]. For intra-
corporeal ileal neobladder alone, analysis of a retrospective review of IRCC database 
reported that patients who underwent intracorporeal ileal neobladder had shorter 
hospital stays and fewer 30 day reoperations but were readmitted more frequently 
compared to those who underwent extracorporeal ileal neobladder [13].

While there is reportedly no difference in overall complication rates, ECUD is 
associated with a higher incidence of GI complications. It has been suggested that 
the reason for this is related to the fact that open surgery exposes the peritoneum to 
air, which is associated with an inflammatory response and can lead to postoperative 
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ileus [25, 26]. According to IRCC analysis, GI complications were significantly higher 
in patients who received ECUD (23%) compared to the patients who received ICUD 
(10%) [1]. With regard to the incidence of Grade 3 or higher GI, complications were 
reported to be significantly higher in ECUD group than ICUD group [27]. However, 
a study comparing 972 patients found no difference between these two methods [12]. 
From another viewpoint, since early mobilization and low Geriatric-8, etc. have been 
identified as causes of postoperative ileus development, such attention may be war-
ranted [28].

Another typical complication of urinary diversion is ureteroenteric strictures. 
When anastomotic stricture occurs, surgical intervention, including invasive 
anastomotic reshaping, is often required. The up to 13% incidence of ureteroenteric 
stricture has been reported, depending on the definition, and includes both ICUD 
and ECUD [29]. According to the study, which evaluated the stricture rate in intra-
corporeal diversions with and without the use of ICG for perfusion evaluation of the 
distal ureter [30], stricture formation was 0% in the ICG group compared to 10.6% 
per patient in the non-ICG group at 12 months follow up. In an evaluation using ICG 
with SPY fluorescence at ECUD, the stricture rate was 0% in the ICG group versus 
7.5% in the non-ICG group. The median length excised for ureters with poor distal 
perfusion was 3.8 cm, compared with 2.2 cm for ureters with good distal perfusion 
[31]. A retrospective study evaluating both methods in 127 patients reported a 3.2% 
incidence of stricture for ICUD and 7.4% for ECUD, with no difference between 
these 2 groups [22].

4. Hybrid technique in robot-assisted intracorporeal ileal conduit

The advantages of ICUD are smaller incisions, less pain, and less bowel exposure 
compared to ECUD [32–34]. ICUD tends to have a longer operative time in the early 
stages of implementation due to the complexity of the technique and steep learning 
curve [18, 19, 35]. The implementation of new surgical techniques requires careful 
stepwise progression in order to protect patients as much as possible against potential 
harms associated with such implementation. Herein, we describe a hybrid ICUD 
procedure that partially incorporates ECUD techniques.

4.1 Preliminary steps

After the completion of radical cystectomy and pelvic lymphadenectomy, the left 
ureter is moved to the right side of the abdomen through a window created in the 
mesentery behind the sigmoid colon. The robot is undocked and the Trendelenburg 
position is returned to 0–15 degrees.

4.2 Extracorporeal part

An extended incision (approximately 4–6 cm) is made through the camera 
port and the specimen is removed from the body. The incision is then covered with 
Smart Retractor® (TOP Inc., Tokyo, Japan). Isolate an ileal segment (approximately 
15–20 cm) at least 20 cm from the ileocecal valve (Figure 2A). The lumen of the 
isolated ileum (conduit) is cleaned with saline. A skin incision is made at the site of 
stoma creation, creating a stoma hole. The distal end of the conduit is then pulled 
out of the abdominal wall through the stoma hole. Approximately 20 cm length of 
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silk thread is ligated at the distal end of the conduit and used as a support thread 
(Figure 2B). The collected ileum is then returned to the abdominal cavity, and the 
wound at the stoma site is temporarily closed with silk suture. The Smart Retractor® 
is covered with Free Access® (TOP Inc, Tokyo, Japan), and the abdominal cavity is 
re-insufflated (Figure 2C).

Figure 2. 
(A) Extended wound and ileum harvested (approximately 20 cm); (B) Ileum temporarily pulled out through 
the abdominal wall and ligated with silk threads; (C) return the conduit to the abdominal cavity and 
re-insufflate.
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4.3 Intracorporeal part

The robot is then re-docked to perform uretero-ileal anastomosis intracorpore-
ally. Uretero-ileal anastomosis is performed by the Wallace method described 
above.

This method is useful until the surgeon becomes accustomed to intracorporeal 
manipulation.

5. Intracorporeal ileal neobladder

Bowel handling in ICUD is often a limiting step in surgical learning. Intracorporeal 
ileal neobladder in particular requires attention because of its large number of 
intraoperative manipulations. A tertiary reference center reported that 60 cases are 
required to stabilize the perioperative outcomes [36].

Several intracorporeal neobladder techniques were recently reported, including 
Studer “U” [37–42], Hautmann “W” [43], “Y” pouch [44, 45], Pyramid pouch [46], 
Padua style [47], Vesicia ileale Padovana [48], FloRIN style [49] with promising 
perioperative outcomes.

We describe a J-shaped orthotopic neobladder based on the Studer method. This 
procedure is relatively simple to perform.

5.1 Determination of the ileal segment for diversion

A 50 cm portion is selected, leaving at least 20 cm of ileum proximal to the 
ileocecal valve, and including the portion of the ileum closest to the pelvic floor. Ileal 
resection and reconstruction are performed as described above.

5.2 Detubularization and reshaping the ileum into a spherical neobladder

Approximately 40 cm of antimesenteric border of distal ileum is opened whereas 
the proximal 10 cm is maintained for afferent limb (Figure 3A). A 40 cm portion of 
the ileum is folded in two, and the posterior plate is then reconstructed using a 3/0 
absorbable suture in a running fashion (Figure 3B). Single–J stents are placed over 
guide wire and the ends are advanced through the wall of the afferent limb (Figure 3C). 
The neobladder is then symmetrically folded into a spherical reservoir applying the 
same suture (Figure 3D). An opening is then made at the most dependent portion and a 
urethra-ileal anastomosis is performed by using a 3/0 “barbed” running suture, starting 
at 5 o’clock on the urethra and then proceeding clockwise. A 20 French Foley catheter is 
introduced into the neobladder.

5.3 Uretero-enteral anastomosis and stent placement

The anastomosis between the ureters and the afferent limb is performed using the 
Wallace technique. Both ureters are then anastomosed to the afferent limb using a 
4/0 absorbable suture in a running fashion. The caudal side of stents are advanced to 
the abdominal wall through the 5 mm trocar, and then stents are pushed up through 
ureters to renal pelvis. The remaining part of Wallace plate is closed (Figure 3E) and 
its water–tightness is tested accordingly.
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5.4 Postoperative management

Manual irrigation of the neobladder is performed intermittently every 8 hours. 
It should be noted that mucus volume will be increased after resumption of eating. 
The drain is removed when the amount of fluid is <200 ml. The ureteral stents are 
removed on the seventh postoperative day under urethrocystography. The urethral 
catheter is removed 3–4 weeks after operation.

5.5 Functional outcome

Functional outcomes are related to many factors such as age, mental or cogni-
tive status, reservoir volume, and urethral length. The day time urinary continence 
recovery rates with less than one pad per day performed by intracorporeal Studer's 
method were reported to be 62–88% at 1 year [50, 51]. A study including only a small 

Figure 3. 
(A) Detublarized ileum; (B) posterior plate of ileal neobladder (α overlaps with α′); (C) situation with ureteral 
stents through the afferent limb; (D) spherical reshaped reservoir (β overlaps with β′); (E) situation after 
completion of urinary tract anastomosis.
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number of 12 men reported a 100% day time urinary abstinence recovery rate defined 
as <1 pad per day at 1 year [52]. Retrospective study compared continence rates of 
RARC with intracorporeal and extracorporeal orthotopic neobladders revealed that 
no statistically significant difference was found in continence recovery rates [53]. 
In terms of potency, the recovery rate was 81.2% in nerve-sparing patients with or 
without PDE5 medication at 1 year (with PDE5: 50% or without medication: 31.2%, 
respectively) [50].

6. Conclusions

Complications of RARC with ICUD in the short-term and midterm periods were 
equivalent to those of ECUD. In high volume centers, ICUD tends to have fewer major 
complications. Furthermore, ICUD tends to have a lower incidence of GI complica-
tions than ECUD, suggesting that ICUD may be a preferred method for urinary 
diversion.
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Abstract

Urothelial bladder carcinoma (UBC) is the foremost as often as possible analyzed 
cancer of the bladder in men around the world, and it positioned the 6th in terms of 
the number of cases analyzed. A total 30% of bladder tumors likely result from word-
related introduction within the work environment to carcinogens. Approximately 
70–75% of recently analyzed UBCs are low-grade or non-invasive. As of 2019, there 
is insufficient evidence to determine whether or not screening bladder cancer in 
patients without symptoms is feasible. The determination of UBC is made utilizing 
distinctive tests such as pee cytology and cystoscopy. Cytology tests are uncaring for 
low-grade cancer, whereas cystoscopy measures the measure of the sore. A biopsy 
will be done in the event that anomalous tissue is found amid cystoscopy. UBC can be 
recognized early by cytology, which has moo affectability for low-grade cancer, and 
by cystoscopy, which is intrusive and costly. Subsequently, numerous analysts have 
meticulously distinguished pee natural markers for non-invasive UC determination 
so that treatment victory can be expanded. Organic markers for early UBC discovery 
are summarized in this chapter, counting FDA-approved and exploratory markers, as 
well as a few of the unused innovations and developments that have the potential to 
help investigate endeavors in early UC detection.

Keywords: biomarkers, cytology, diagnosis, urothelial bladder carcinoma, urine tumor 
markers, clinical utility

1. Introduction

Urothelial bladder cancer (UBC) has a high incidence and prevalence due to its 
indolent nature, with 1, 15, 949 and 17, 20, 625 cases in 2020 according to the WHO 
[1]. Among men, the incidence of UBC is three times greater than among women 
(3:1), making it the fourth most frequent malignancy among men. The main risk  
factors are age, smoking, chlorination by-products in drinking water, and occupa-
tional exposures [2].

Urothelial cancer recurrence and progression have yielded a molecular route 
that scientists are now investigating for predictive and prognostic indicators [3]. In 
addition, the emergence of new noninvasive detection and surveillance techniques as 
well as possible treatment targets has been facilitated [4]. While multi-institutional 
randomized prospective studies are lacking, however, their prognostic and predictive 
indicators have not yet been validated for regular clinical usage. A total of 80% of 
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these studies are in the process of being developed or are being worked on and will 
revolutionize how we diagnose, assess, and treat cancers [5].

Non-muscle invasive urothelial tumors are believed to arise by at least two 
molecular routes, either high-grade papillary tumors or CIS. Low-grade and high-
grade tumors have different mutations, but invasion tumors have different muta-
tions. Because cancers are more likely to arise from premalignant urothelial cells, it 
is surprising that multifocal and metachronal tumors have both common and novel 
mutations [6]. Poorly differentiated invasive urothelial carcinoma tumors have been 
shown to be related to the growing degree of genomic instability and are prone to 
have low copy number variations and reductions in heterozygosity. Many tumor 
suppressor genes and oncogenes are thought to be involved in the development of 
invasive urothelial carcinoma (IUC), though it is frequently difficult to determine 
whether these factors are required. As a result, it is not surprising that multifocal and 
metachronal tumors have both common and novel mutations. [7].

This review discusses an update on bladder cancer diagnosis, including the cur-
rently available role of bladder cancer tumor producers, part of urine markers in early 
identification of bladder cancer, the role of tissue markers for prognosis, and part of 
urine markers for patient investigation.

2. Bladder cancer tumor makers

In the absence of disease-specific signs, the urologic community has struggled to 
diagnose and monitor bladder cancer patients. As the standard for bladder cancer 
detection, cystoscopy is invasive and costly, which limits its usage. Fluorescence and 
narrow-band imaging are two new technologies, but they come with invasiveness 
and extra costs that outweigh the need for them as diagnostic tools in light of better, 
easier, and less expensive tests for treating bladder cancer patients [8].

It is also important to consider the cost of these tests, especially when similar infor-
mation may be obtained using less expensive routine exams (cytology, cystoscopy) or 
additional permitted biomarkers. Costs, the difficulty of performance, the interpreta-
tion made confusion in a specific clinical setting, and the “psychological stress” expe-
rienced by both patient and physician when evaluating the reliability of a test outcome 
should all be considered when applying any marker for “routine” clinical use due to the 
critical nature of establishing some “added value” in the use of a particular test.

However, the research design, period of follow-up, and numbers required to 
give statistical power in the direction to confirm results may be limited in such early 
publications. These factors, together with the misapplication of findings to diverse 
clinical settings, might explain the typical inability to confirm promising but prelimi-
nary results [9].

Urine screening of people who had smoked for 40 years or more, using a combina-
tion of UroVysion, cytology, and urinary dipstick testing for hematuria, revealed 
cancer in 3.3% of these high-risk people [10]. Similarly, combining microsatellite 
analysis of exfoliated urine with UroVysion FISH (Fluorescence in situ hybridization) 
and conventional urine cytology allowed for the identification of approximately 93% 
of patients with recurrent bladder cancer [11]. The presence of microsatellite changes 
in urine has a strong link to invasive tumors in the bladder and has a high sensitivity 
for individuals with invasive cancer.

A surprise biomarker for bladder cancer is urinary hematuria, which develops 
in 85% of patients. The effectiveness of urine dipstick tests conducted at home and 
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followed by medical evaluation might range from 90 to 95%. Muscle invasion was 
seen in only 10% of newly diagnosed bladder cancer patients who were tested for 
hematuria at home, compared to 60% of newly diagnosed bladder cancer patients 
who were not tested for hematuria [12]. Overall mortality was also lower than in 
unscreened individuals. Unfortunately, hematuria only has a 0.08% positive predic-
tive value [13]. The stratification of hematuria-positive individuals into low and 
high-risk categories is therefore urgently required.

Patients with bladder cancer who are diagnosed with non-muscle invasive illness 
will need to be monitored for the rest of their lives. Current patient-monitoring 
methods typically include cystoscopic examinations every 3 months for the first 2 
years of follow-up, twice a year for years three and four, and then yearly until disease 
recurrence is detected.

3. Role of urine markers in early detection of bladder cancer

The Food and Drug Administration (FDA) has authorized the custom of many com-
mercially available urine-based diagnostics. However, none of these tests are commonly 
performed and are not included in the clinical guidelines for BC therapy published by 
the American Urological Association or the European Association of Urology [14].

These multi-urinary protein indicators were found to be beneficial in both high- 
and low-grade illnesses, as well as high- and low-stage diseases [15]. Midkine (MDK) 
and synuclein G or MDK, ZAG2 and CEACAM1 [16], angiogenin and clusterin [17] 
are measured by immunoassay and urine cytology improves the sensitivity and 
specificity in the diagnosis of non-muscle invasive bladder cancer (NMIBC) [16].

In the urine sediments of NMIBC patients, higher amounts of CK20 and Insulin- 
Like Growth Factor II (IGFII) were originate compared to controls [18]. Improved 
urine HAI-1 and Epcam levels, as measured by ELISA, are predictive indicators in 
individuals with high-risk NMIBC [19]. Urinary survivin, as measured by a chemilu-
minescence enzyme immunoassay, is associated with tumor stage, lymph node, and 
distant metastases, and may be used as a preliminary marker for BC diagnosis [20]. 
In NMIBC, snail overexpression is a distinct prognostic marker for tumor recurrence 
[21]. Glycan-affinity glycoproteomics nano-platforms identified specific glycopro-
teins in the urine of low- and high-grade NMIBC patients; high-grade MIBC patients 
had greater urinary CD44 levels [22].

Metabolic profiling of urine may potentially be beneficial for early detection of 
bladder cancer. The very sensitive super-performance liquid chromatography and 
mass spectrometry confirmed the presence of imidazole-acetic acid in BC [23]. A 
metabolite panel that may distinguish high- and low-grade breast cancer by using 
indolylacryloyl glycine, N2-galacturonyl-L-lysine, and aspartyl-glutamate is possible 
[24]. Furthermore, UPLC-MS was used to show that the phenylalanine, arginine, 
proline, and tryptophan metabolisms had been altered in NMBIC.

Immunoassay and FISH testing have expanded the diagnostic armamentarium to 
help us decide who needs further investigation. The “liquid biopsy” test has recently 
been employed to distinguish between NMIBC and MIBC in urine by detecting exo-
somes, cell-free proteins/peptides, circulating cell-free DNA, DNA methylation, and 
miRNA, [25]. Advanced “nano-sensors” able to detect RNA and proteins in urine are 
becoming closer to reality. It is not far off from being something we could easily imple-
ment [26]. A practical solution is needed for those findings, however, studies to confirm 
the efficacy of the recently identified urine biomarkers are not available [27, 28].
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4. Role of tissue markers for prognosis

Currently, the biggest challenge is translating substantial proteomic and genomic 
data into clinical practice and validating the expression of these biomarkers in well-
designed multicenter clinical trials.

The biggest class of membrane proteins for signal transduction on the cell sur-
face, G-protein-coupled receptors (GPCRs), is used to detect ligands of unknown 
identity [29]. More than 800 GPCRs are found in the human genome, with most of 
them including seven homologous transmembrane domains [30, 31]. To stimulate 
the movement of particular ligands, GPCRs alter their conformations by interacting 
with the ligands. After this, the signaling network will activate, producing cellular 
responses including erythroid differentiation [32]. The following is an excerpt from 
a 2013 study that reports that there are over 100 orphan G-protein-coupled recep-
tors (oGPCRs) for which their respective ligands are yet unknown [33]. A gene that 
encodes a G protein-coupled receptor, GPR137, is expressed mostly in the central 
nervous system, endocrine glands, thymus, and lungs [34]. Studies have revealed that 
GPCRs are vital to tumor development and metastasis.

Various activities performed by GPCRs, such as cell proliferation, survival, and 
motility, have been documented [35]. The GPCR48 receptor was found to be associ-
ated with the growth of prostate cancer cells, making it a viable target for treating the 
disease [36]. Smith and colleagues discovered that GPR30 was expressed preferen-
tially in high-risk epithelial ovarian cancer, a finding that has been shown to correlate 
with worse survival rates in patients [37]. In addition, GPR161 expression was found 
in breast cancer and an earlier investigation revealed that the gene is a major regulator 
and a possible therapeutic target for three-fold negative breast cancer [38].

In the area of bladder tumor marker testing, urine proteins are assessed qualita-
tively or quantitatively, and antigens or chromosomal abnormalities are detected in 
urine cytology samples. These tumor marker assays had better sensitivity for detect-
ing urothelial carcinoma when compared to urine cytology. The overall sample’s 
mean sensitivity and specificity were 64–80% and 71–95%, respectively, while 
the mean positive predictive value (PPV) and negative predictive value (NPV) for 
malignancy classification were 49–84% and 79–95%, respectively. During studies 
identifying proteins secreted into urine by bladder cancer cells, sensitivity was inad-
equate for Ta grade 1 bladder cancer. Since there are so many false-positive results 
with BTA TRAK, BTA stat, NMP22, and NMP22 Bladder Chek assays in patients with 
benign urological diseases like hematuria, urocystitis, renal calculi, or UTIs, as well 
as in patients with inserted catheters or intravesical manipulation in the last weeks, 
these tests are unreliable in these populations. If you are investigating a problem with 
BTA TRAK, BTA stat, NMP22, or NMP22 BladderChek, you must first eliminate 
other possible diagnoses, such as benign or malignant genitourinary illness, except 
for bladder cancer. The failure of urine tests to accurately diagnose bladder cancer or 
to be relied upon to guide treatment choice leads to a lack of appropriate sensitivity 
and specificity [39].

CD164, a member of the sialomucin family and previously known as endolyn or 
MGC-24v, was located on human chromosome 6q21 and is expressed and encoded 
by the CD164 gene [40, 41]. CD164 was originally discovered in primitive CD34+ 
hemopoietic progenitor cells and bone marrow stromal cells and is now known to 
have a role in adhesion, migration, and cell proliferation [42–44]. CD164, which 
was hypothesized to control hematopoiesis, was thought to have a role in promoting 
the adherence and migration of human CD34+ cells to bone marrow stroma [45]. 
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A variety of malignancies in humans are known to have CD164 perform various func-
tions. CD164, for example, has been documented for maintaining and progressing 
human malignancies, such as human glioma [46], lung cancer [47], ovarian cancer 
[48], and prostate cancer [49].

5. Role of urine markers for patient surveillance

Improved sequencing technology and a greater understanding of the molecular 
mechanisms of action for various treatments have both aided the study of BC tumor 
biology and how it affects MIBC and NMIBC. However, there are no clinically useful 
biomarkers available to accurately predict response to therapy in either the short- or 
long-term. An in-depth understanding of the clinicopathological parameters, such 
as tumor stage, grade, presence of CIS, tumor size, tumor multiplicity, and recur-
rence, is essential to properly predict treatment outcomes [50]. It was demonstrated 
that recurrence could be predicted with 85.5% accuracy using a cytokine panel after 
intravesical therapy (CyPRIT) (IL-2, IL-8, IL-6, IL-Ira, IL-18, IL-12), Il-12, tumour 
necrosis factor-, and tumour necrosis factor-, but its validity needed to be confirmed.

New discoveries related to the immunologic characteristics of bladder cancer 
(BC) have emerged as a promising prediction tool for intravesical BCG treatment 
and possibly immunotherapy in advanced cases [51]. While some studies found no 
link between programmed cell death protein ligand 1 (PDL-1) expression and the 
outcomes of NMIBC following BCG administration, others reported contradictory 
results and no convincing evidence [52]. It has been shown that an improved clinical 
result can be achieved by the assessment of BCG-specific T-cell immunity [53, 54]. 
In a study of BCG therapy, the T-cell and MDSC ratio in urine was associated with 
treatment failure [55].

A number of writers have attempted to find genetic alterations that might be 
associated with a response to the BCG vaccine. One example is the ARID1A mutation, 
which was found to increase the likelihood of BCG unresponsiveness [56]. Even while 
we now have non-invasive diagnostic tests and sensitive and specialized follow-up 
tests, our systems are still plagued by troublesome false positive findings. In addition 
to the presence of benign diseases including hematuria, cystitis, lithiasis, urinary 
tract infections, inflammation, and recurrent instrumentation, such as cystoscopy, 
false positive rates can develop due to many other reasons. Regardless, many kits have 
been on the market for quite some time. Even if most non-invasive techniques are bet-
ter than standard cytology, this is not a hazard because of this superior performance. 
Due to the fact that none of these kits meet all requirements at all phases of BC 
detection, they have not yet been adopted in clinical practice. Patients and healthcare 
providers can benefit from each kit based on patient characteristics, context, and 
limits in detecting BC. Patients stratification is a crucial biological topic that is being 
addressed by the development of new biomarkers that can predict disease recurrence 
and response to medication. To be sure, cell-free (cfDNA) analysis in urine and/
or serum will be able to overcome these barriers when liquid biopsies and precision 
oncology become more common [57].

Even for higher-grade bladder cancer, a number of molecular markers surpass 
urine cytology with regard to test sensitivity, as suggested by marker performance 
assessment. The cause of the decline in performance quality among pathologists is 
not known, however, it might be that it is caused by a reduction in urine cytology 
during the previous decade. The decreased specificity of molecular markers in the 



Update on Bladder Cancer

48

group studied seems insignificant because the priority is sensitivity when tracking 
individuals with high-grade malignancies. A further query is if at least some of the 
false-positive results may be an anticipatory positive finding, forecasting tumor 
recurrence [58, 59]. Studies indicating that molecular markers may improve the 
prognosis of bladder cancer patients with high-grade tumors are lacking, thus they 
are not widely accepted for therapeutic usage.

The vast array of mutations found in bladder cancer cases was revealed by a series 
of studies on next-generation sequencing, which found that more than 300 mutations 
were identified in each tumor, with 200 copy number changes and 20 rearrange-
ments. Despite having a higher mutation rate, the only kind of cancer that has been 
found to have more mutations is lung cancer, and most of them are considered to be 
passenger mutations that have no effect [60].

A discussion on the clinical risk of recurrence and progression is, of course, ongo-
ing, and several factors are in play, but largely because recurrence and advancement 
are both dictated by the presence of characteristics including size, multimodality, and 
time to recurrence. In addition, we must recognize that grading is primarily subjec-
tive and will, in the future, lead to increased reproducibility and improved associa-
tion with a clinical result (either immunohistochemistry or molecular testing [61]. 
Hyperplasia was made obsolete when the phrase urothelial proliferation with unde-
termined malignant potential was established [62, 63]. The urothelium is thicker with 
few or no cytological abnormalities and a lack of genuine papillary fronds, however, 
undulations are sometimes present. These features may be observed in this context 
without any known history. When previous cancer or papillary lesions are present, 
those with carcinoma tend to have them. Lateral expansion of papillary carcinoma is 
expected, with high rates of chromosome 9 deletions and lower but still substantial 
rates of FGFR3 abnormalities. A flat lesion with cytologic and architectural abnor-
malities that are thought to be preneoplastic but do not meet the requirements for 
urothelial CIS is known as urothelial dysplasia. Because it seldom arises de novo, it 
is not well investigated. Of greater significance, this is the most difficult group to 
characterize morphologically because of a substantial inter-observer variability and a 
total lack of major clinical trials demonstrating its association with the later develop-
ment of CIS.

6. Conclusion

The wide range of bladder cancer indicators enhances the prospect of making a 
breakthrough in the detection of cancer by using chosen markers, either in combina-
tion or individually. Hence panel testing is useful for increasing the detection of blad-
der cancer as well as for enhancing the accuracy of that detection. It is unquestionably 
crucial to test the clinical usefulness of this kind of panel before it can be used in 
standard medical treatment. The stability of these tumor marker analytes should also 
be better characterized in order to avoid false negative findings. A greater under-
standing of circumstances that result in false positives for urine-based indicators for 
cancer diagnosis might make them more effective.
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A Rare but Real Entity: Bladder 
Neuroendocrine Cancer
Béla Pikó, Ali Bassam, Anita Kis, Paul Ovidiu Rus-Gal, 
Ibolya Laczó and Tibor Mészáros

Abstract

The neuoroendocrine cancer of the bladder is a rare tumour, and from this 
entity the well-differentiated tumours with favourable prognosis, the paragan-
glioma with unfavourable prognosis, small and large cell types of tumours should 
be emphasised. From the methods of the anticancer therapies’ operation can be 
eligible by itself in the first group but in the second group should form only the 
part of the multimodal treatment. Radiotherapy plays a role only in the treatment 
of the small and large cell tumours, and during the treatment of these tumours, the 
administration of the cytostatic drugs is also essential (mainly platina derivates). 
Somatostatin analogues, immune checkpoint inhibitors could be beneficial in 
special cases and some tumour agnostic treatment can be useful as well. Moreover, 
the palliative treatment should represent an important modality even in the early 
treatment period, but it should also be provided when no other treatment options 
are left.

Keywords: neuroendocrine tumour of the bladder, operation, radiotherapy and 
medical therapy, tumour agnostic therapy, palliative treatment

1. Introduction

Bladder cancer is not one of the most common tumours (Table 1) [1–3]. The 
prevalence of neuroendocrine bladder cancer (NEBC) in muscle invasive processes 
is estimated to be 0.5–1.2% [4], while others estimate it to be less than 1% [5, 6]. 
The statistically expected 5700 (in Hungarian only 35) patients with various com-
mon symptoms—haematuria, pelvic pain, urinary obstruction—are detected and 
diagnosed in urological centres and efficient onco-teams (multidisciplinary teams) 
give them the chance to receive adequate treatment [7–10]. However, these tumours 
require special attention because they usually have a poor prognosis, undifferentiated 
forms are usually detected at a disseminated stage, and their treatment differs from 
the usual treatment for bladder cancer [8, 11].
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2. Pathology

The WHO pathological classification is shown in Table 2 [12]. The tumours can be 
differentiated in different ways, the well-differentiated form is extremely rare and, 
according to the literature, is usually not associated with carcinoid symptoms and has 
one of the best prognoses. Small cell NEBC is the most common, although the ‘pure’ 
form is rare, with more than half of cases (up to 61% according to some authors) 
being associated with transitional cell bladder cancer, glandular or squamous cell 
carcinoma, possibly with a sarcomatoid component, and is more common in women. 
Large cell tumours are also rare and, like small cell tumours, have a poor prognosis. 
Paragangliomas can also occur in the bladder, usually described in case reports; 
interestingly, they can be functional (producing catecholamines), with the ‘usual’ 

(Listing neuroendrocrine tumours in details)

Urothelial tumours

Infiltrating urothelial tumours

Non-invasive urothelial tumours

Squamous cell neoplasms

Glandular neoplasms

Urachal carcinoma

Tumours of Müllerian type

Neuroendocrine tumours

Small cell neuroendocrine carcinoma

Large cell neuroendocrine carcinoma

Well-differentiated neuroendocrine tumour

Paraganglioma

Melanocytic tumours

Mesenchymal tumours

Urothelial tract haematopoietic and lymphoid tumours

Miscellaneous tumours

Table 2. 
WHO classification of tumours of the urothelial tract [12].

incidence (new cases) mortality

males females males females

all cancers (excluding non-melanoma skin 
cancer) [1]

4,824,700 4,110,118 1,926,292 1,552,475

of these bladder cancer [2] 440,864 132,414 158,785 53,751

bladder cancer in Hungary [3] 2393 1132 706 392

Table 1. 
Incidence and mortality all cancers and bladder cancer [1–3].
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clinical symptoms (sudden spikes in blood pressure, possibly hypertension, headache, 
palpitations, sweating, visual disturbances) caused by bladder distension or contrac-
tions. Survival data are relatively favourable, as far as it can be concluded from only a 
few patients [6, 13–18].

3. Diagnosis

Based on the symptoms, the clinical and imaging methods used to diagnose NEBC 
are the ones commonly used for bladder cancer and reported in other publications 
in this volume. Accurate pathological diagnosis is essential, but it is not within our 
competence. In the light of the histological findings, the need for axial imaging tech-
niques—CT and MR—to assess the small cell form progression is highlighted in the 
literature, and bone scintigraphy is necessary in the case of osteoarticular complaints 
but should also be considered in the absence of symptoms [8, 19, 20]. In functional 
paragangliomas, MIBG (iodine-123 meta-iodobenzylguanidine) scintigraphy and 
PET/CT can indicate local expansion and possible distant metastases with up to 95% 
accuracy [16].

4. Treatment and prognosis

As there are only a few cases and thus clinical trial results with high evidence level 
are not available, the therapeutic recommendations are based on a summary of insti-
tutional experience and partly on analogies to the treatment of other neuroendocrine 
tumours. Early detection of the disease, its progression, accurate diagnosis and good 
overall patient health (ECOG PS [Eastern Cooperative Oncology Group Performance 
Status]) improve outcomes. In general, even with a carefully chosen and correctly 
executed treatment, the prognosis depends mainly on the differentiation of the 
tumour: favourable in well-differentiated NEBC and paraganglioma, unfavourable in 
small and large cell tumours [6, 11, 13, 15–17].

4.1 Surgery

A biopsy during cystoscopy is almost always necessary [8, 13]. For well-differenti-
ated NEBC and paraganglioma, adequately radical surgery (partial or radical cystec-
tomy) may be a solution in itself but for functionally active tumours, pre-operative 
endocrinological consultation and medication are essential. In small- and large-cell 
forms, surgery (depending on the dissemination status) may be considered as part 
of a complex treatment, and although significance is questionable due to the small 
number of cases in these studies, it seems that surgery in selected cases may improve 
survival [13, 15–17].

4.2 Radiotherapy

It can be an alternative to surgery in exceptional cases of well-differentiated forms 
and paragangliomas and applied to treat local recurrences. In paraganglioma, 131I 
MIBG treatment has a beneficial effect on symptoms. For small and large cell NEBC, 
radiotherapy is an essential part of multimodality treatment. The recommendation of 
the Canadian Association of Genitourinary Medical Oncologists (CAGMO) includes 
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prophylactic cranial irradiation and—as appropriate—irradiation of symptomatic 
metastases [5, 6, 8, 11, 13, 15, 21].

4.3 Somatostatin receptor analogues

In functional forms of differentiated NEBC—their use, as in other neuroendocrine 
tumours—is logical and results in symptom relief (due to the small number of cases, 
anti-tumour effects cannot be assessed) [22–24].

4.4 Cytostatic treatment

Its role is minor in well-differentiated tumours. In this regard, small- and large-cell 
NEBC can be grouped together in practice, since in these cases cytostatic treatment is 
considered both as neoadjuvant or adjuvant treatment and as part of radiochemother-
apy, and in disseminated disease it is almost the only option. Whether used alone or 
as part of a multimodal regimen, from cytostatics cisplatin (or possibly carboplatin) 
and etoposide, ifosfamide-doxorubicin, cisplatin (or carboplatin) and irinotecan are 
recommended, and in mixed tumours, methotrexate, vincristine, cyclophosphamide 
and taxanes may be added. The poor general condition of the patient sometimes only 
allows monotherapy [5, 8, 11, 13, 16, 17, 21, 25–29].

4.5 Immune checkpoint inhibitors

PD-1 (programmed cell death protein 1) and PD-L1 (programmed death-ligand 
1) inhibitors have also been tested in this disorder, and although they have generally 
not been successful, positive results have been described in case reports. Clinical trials 
with adequate evidence are ongoing [11, 30–32].

4.6 Tumour-agnostic treatment

The ‘classical’ knowledge of tumours includes the organ origin, histological 
structure, tumour infiltration, differentiation, prognostic and predictive markers, 
etc., while the agnostic approach does not consider these as essential but focuses on 
the genetic target of treatment. Drugs acting on targets in tumour-agnostic treatment 
have a convincing anti-tumour effect regardless of the organ of origin, meaning that 
detection of the target (often by genetic testing) is highly likely to predict treatment 
success. Currently, three drugs and three targets in NEBC can meet these require-
ments, as specified by the European and North American Medicines Agency. These: 
pembrolizumab (EMA [European Medicines Agency] and FDA [U. S. Food and 
Drug Administration] for PD-L1, MSI-H [Microsatellite Instability high] and dMMR 
[DNA mismatch repair deficiency]), larotrectinib, (both EMA and FDA for NTRK 
[Neurotrophic tyrosine receptor kinase] gene fusion) and entrectinib EMA and FDA 
for NTRK gene fusion or ROS-1 (Proto-oncogene tyrosine-protein kinase 1) positive 
non-small-cell lung cancer [33–42].

5. Palliative and terminal care

According to the WHO (World Health Organisation) definition, ‘Palliative care 
is a crucial part of integrated, people-centred health services. Relieving serious 
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health-related suffering, be it physical, psychological, social, or spiritual, is a global 
ethical responsibility. Thus, whether the cause of suffering is cardiovascular disease, 
cancer, major organ failure, drug-resistant tuberculosis, severe burns, end-stage 
chronic illness, acute trauma, extreme birth prematurity or extreme frailty of old 
age, palliative care may be needed and must be available at all levels of care’ [43]. This 
includes curative anticancer treatment and symptomatic therapy (drugs, physiother-
apy, psychosocial support, terminal care, ensuring a dignified death and dealing with 
the grief response if needed). In well-established oncology centres, some elements 
of early palliation have always been used and are still used, but the biggest problem 
is the period after active treatment options run out when due to limited capacity, 
a large proportion of patients are discharged from the care system. For NEBC, in 
addition to the necessary pain relief, management of functioning tumour symptoms, 
management of catheters and drains, athropia, anaemia, incontinence, bleeding from 
the bladder, painful, crampy urination, possible pelvic compression symptoms and 
body image changes and depression after advanced surgery are also problems to be 
addressed [44–47].
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Chapter 6

Estimation of Some Plant Extract
Activity against Bacterial Cystitis
Isolated from Urinary Tract
Infection
AzalA Al-Rubaeaee, Zahraa Ch. Hameed and Sara Al-Tamemi

Abstract

In this study, 60 urine samples were collected from patients with urinary tract
infections who were admitted to Al-Hussein Teaching Hospital between December
and February of 2018–2019. A urine sample was collected for culture and crystal
formation. Only 57 (95 percent) of the 60 samples on culture were isolated from
urinary tract infections caused by various causes. According to the results of the
isolation and laboratory diagnosis, as well as biochemical tests, Staphylococcus
saprophyticus, Streptococcus agalactiae, Escherichia coli, Klebsiella pneumonia, proteus
spp., Morganella morgani, and Pseudomonas aueroginosa were identified in this
study. S. saprophyticus is the ore predominant in UTIs infection While Morganella
morganii is the least common result, 8% of the total The isolates are varied in their
ability to produce urease enzyme and stone (cast) they were varied in their hemolytic
activity. Isolates that able to produce urease in different level which provided as main
step in pathogenesis in urinary tract infections and cast formation, Zea mays,
curcumine and canberry were shown very high effectively to inhibit stone in the
percent of (11–13), respectively coffee and Ziziphus gave results varied in their
activity.

Keywords: UTIS, cystitis, M.morganii, plant extract, bacterial cystitis

1. Introduction

Urease production is regarded as an important virulence factor in bacterial patho-
genicity because the ammonia produced by this enzyme raises the pH, which has
important medical implications. Urease is a virulence factor found in pathogenic
bacteria that cause gastric ulcers, urinary stone formation, pyelonephritis, and other
human health issues [1].

Although symptoms can aid in the diagnosis of a UTI, they may not accurately
localize the infection within the urinary tract. However, in many cases, urinary tract
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colonization is asymptomatic. Cystitis (bladder infection) is the most common type of
UTI, characterized by irritative symptoms such as urinary urgency, frequency, dys-
uria, hematuria, foul-smelling urine, and suprapubic pain. In addition to cystitis, these
symptoms are also common for urethritis and prostatitis. An associated epididymitis,
diagnosed reliably by physical examination in men, is an easily localizable variation of
UTI. Symptoms of “upper urinary tract” infections, such as pyelonephritis, may
include those associated with cystitis, as well as fever, rigors, flank or abdominal pain,
and nausea and vomiting [2]. The aims of our study is evaluation of some plant extract
on bladder stone and well done by this objectives:-

1. Isolation the pathogenic bacterial SPP. From urinary tract infections

2.Investigateion bacterial isolates on urease production abbility.

3. In vitro stone foramtion

4.Estimation the activity of some plants on this stone

As a result, the organism has an easily assimilated nitrogen source. Urease pro-
motes virulence in uropathogenic bacteria. As a result, the urinary tract becomes
alkaline. Increased urine pH can cause the formation of struvite stones, which contain
the infecting organism, increased attachment of bacteria to the renal epithelium,
direct renal tissue damage, and the activation of certain antibiotics [3].

Because urinary stones are a mixture of compounds de-posited as a result of
metabolic disorders and infections, their chemical composition is not uniform. The
fact that urolithiasis promotes the development of infections, and bacteria easily
colonize porous stone surfaces, may explain the diverse composition of the stones [4].

Struvite stones are also referred to as ‘infection stones’ and ‘triple phosphate
stones’. Struvite stone formation can only be sustained if ammonia production is
increased and the urine pH is raised to reduce phosphate solubility. Only when urine is
infected with a urease-producing organism, such as Proteus, can both of these
requirements be met. Urease degrades urea to produce ammonia and carbon dioxide:
2NH3 + CO2 = Urea With a pK of 9.0, the ammonia/ammonium buffer pair produces
highly alkaline urine rich in ammonia. Urease is an enzyme that breaks down urea into
ammonia and carbonic acid.

alkaline urine rich in ammonia. Urease splits urea into ammonia and carbonic acid:

NH2� CO�NH2 ! H2CO3þ 2 NH3 (1)

Ammonia then mixes with water to produce ammonium hydroxide and under
these alkaline conditions, carbonic acid moves toward bicarbonate and carbonate ions.

NH3 þ 2 H2O ! 2 NH4
þ þ 2 oh� (2)

Thus, the alkalinisation of urine by the urease reaction causes the formation of
NH4

+, which favors the formation of carbonate ions (CO3
2�) and trivalent phosphate

ions (PO4
3�). This in turn causes struvite and carbonate apatite formation (Sun et al.,

2010).

CO3
2� þ 10 Ca2þ þ 6 PO4

3� ! Ca10 PO4ð Þ6CO3 (3)
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6 H2OþMg2þ þNH4
þ þ PO4

3� ! MgNH4PO46H2O (4)

These components all play different roles in the plant, resulting in a variety of
potential health benefits from their consumption. Microorganisms have developed
resistance to various antibiotics that are currently in use, as is well known in the
medical field. This phenomenon has caused enormous clinical issues in the treatment
of diseases caused by such microorganisms.

It appears to be a urease inhibitor with a mechanism. Plants have a natural poly-
phenol structure that consists of two o-methoxy phenols attached symmetrically
through a, �unsaturated -diketone linker that also induces keto-enol tautomerism. It
is possible that this compound inhibits urease activity via a chelate interaction that
binds to the urease active site; as a result, some plant extracts form a stable complex
with urease and, as a result, the enzyme is inhibited.

Proteus is a Gram-negative, rod-shaped bacteria, non-spore forming and faculta-
tive anaerobic, catalase positive, oxidase negative and non- lactose fermenter. It
belongs to the family Enterobacteriaceae [5].

The first description of Proteus bacteria was made in 1885 by Hauser, who named
them after the character in Homer’s Odyssey who ‘has the power of assuming differ-
ent shapes to escape being questioned’ (Wang and Pan, 2014). There are currently
four recognized species of Proteus: P. mirabilis, Proteus penneri, P. vulgaris, and Proteus
myxofaciens [6].

This bacterium has to measure (1–3) μm in length and (0.4–0.8) μm in diameter,
motile by peritrichous flagella, chemo-organotrophic, made a respiratory and a fer-
mentative type of metabolism not require oxygen, so it called facultative anaerobic
[7], made pale colonies shape when growing on MacConkey and when grown on
blood agar (that causes β hemolysis on blood agar) with distinct fishy odor. Also, it
made rings of swarming motility in an agar media [8].

Morganella morganii:-Morganii and M. sibonii are Gram-negative bacilli that belong
to the tribe Proteae of the family Enterobacteriaceae. It is naturally present in the
environment and in the intestinal tracts of humans, mammals, and reptiles. Despite its
widespread distribution, it is an uncommon cause of human infections [9].

M. morganii was first identified as a cause of urinary tract infections in the late
1930s, and only a few reports of infections due to this pathogen have been published
since then. It is most common in postoperative patients and is mostly associated with
urinary tract infections. Bacteremia/sepsis in both children and adults Skin and soft
tissue infections, meningitis, ecthyma, and endophthalmitis [10].

The genus Zizyphus belongs to the Rhamnaceae family. It is a genus of about 100
species of deciduous or evergreen trees and shrubs found in tropical and subtropical
regions. PACs have recently received a lot of attention due to the health benefits that
they have been linked to [11].

Cranberries are composed of 88% water and a mixture of organic acids, vitamin C,
flavonoids, anthocyanidins, proanthocyanidins (PACs), catechins, and triterpinoids [12].

Curcumin (diferuloylmethane, chemical formula: C21H20O6 is a yellow-orange pig-
ment extracted from the roots of turmeric (Curcuma longa). It usually exists in two
tautomeric forms: keto and enol, The enol form has a higher energy stability. Curcumin
has gained popularity due to its diverse biological activities. Turmeric gained popularity
in the 1970s after it was discovered to have anti-inflammatory properties [12].

The significance of turmeric in medicine has changed since the antioxidant prop-
erties of other plants were discovered, therefore, it is found thatplants possesses
antitumour, antibacterial, antifungal and antiviral properties additionally, these plant
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does not exhibit toxicity to either animal or humans even at high doses, the case of
struvite crystallization induced by bacteria in relation to urinary stone formation.
Urease inhibitors bind to it and inhibit its activity by preventing the hydrolysis of urea
to ammonia and carbon dioxide. There are two types of urease inhibitors: I
mechanism-based directed mode; (ii) active-site directed mode The active-site
directed inhibitors resemble urea, the enzyme’s substrate, in structure. Mechanism-
based directed inhibitors interfere with the catalysis mechanism of the enzyme, caus-
ing it to be inhibited or inactivated [13].

It appears to be a mechanism-based urease inhibitor. Plants have a chemical
structure that consists of two o-methoxy phenols attached symmetrically via a,
�unsaturated -diketone linker, which also induces keto-enol tautomerism,
making it a natural polyphenol. It is possible that this compound inhibits urease
activity via a chelate interaction, which binds to the urease active site; as a
result, some plant extracts form a stable complex with urease, inhibiting urease
activity. The diketone moiety of plants has chelating properties toward transition
metals, including nickel. Curcumin chelation toward transition metals such as
iron and copper has been found to be beneficial in the treatment of Alzheimer’s
disease [14].

2. Materials

2.1 Specimens

A total of 60 urine samples were collected from patients admitted to
Al-Hussein teaching Hospital, during a period extending from September 2018 to
December 2018.

Urine samples were collected in sterile cups, as all patients had signs and
symptoms of UTI and they were diagnosed as having UTI by the Urologists.

3. Methods

3.1 Preparation of reagents and solutions

3.1.1 Reagents

3.1.1.1 Catalase reagent

This reagent was used with a concentration of 3%. It was prepared by adding H2O2
to D.W. (v/v). It was used for identification of catalase producing bacteria by looking
for appearance of air bubbles which indicate positivity.

3.1.1.2 Oxidase reagent

This reagent was prepared freshly, by dissolving 1gm of (tetramethyl-
paraphenylene-diamine-dihydrochloride) in 100 ml of D.W. and kept in a dark bottle.
It immediately used for the identification of bacteria positive for oxidase production
by the appearance of dark purple color as a positive result.
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3.1.1.3 Methyl red reagent

Methyl red reagent is prepared by dissolving 0.1 gm of methyl red in 300 ml of
(95%) ethanol and then the volume is completed to 500 ml by D.W. It is used to
identify the complete glucose hydrolysis.

3.1.1.4 Coagulase test

It is an important method for detection of ability to produce coagulase and differ-
entiation between coagulase-producing and non-producing staphylococci. Bacterial
broth was added to fresh plasma, and incubated at 37°C and examined after 1,2,3 and
4 hours. The test was read by tilting the tube and observing for clot formation in the
plasma.

4. Preparation of culture media

A group of culture media were prepared according to the instructions of the
manufactures company and sterilized by autoclaving at 121°C for 15 minutes.

4.1 Blood agar medium

Blood agar medium was prepared by dissolving blood agar base in distal water. It
was autoclaved cooled to 50°C. 5% fresh human blood was added and mixed well. This
medium was used to cultivate bacterial isolates and to determine the ability of bacteria
to hemolyse blood cell.

4.2 Mannitol-salt agar medium

Mannitol salt agar was prepared according to manufacturer. It was used to detect
ability to ferment mannitol.

4.3 Nutrient agar medium

Nutrient agar medium was prepared according to the manufacturing company. It
was used for general experiments, cultivation and activation of bacterial isolates when
it is necessary.

4.4 Nutrient broth

This medium was used to grow and preserve the bacterial isolates. Nutrient broth
medium was prepared according to the method suggested by the manufacturing
company.

4.5 Urea agar medium

Urea agar medium was prepared by adding 10 ml of urea solution (20% sterilized
by Millipore filter paper) in volume of autoclaved urea agar base and completed up to
100 ml distilled water and cooled to 50°C, the pH was adjusted to 7.1. then medium
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was put into test tubes and allowed to solidify in a slant form. It was used to test ability
of bacteria to produce urease enzyme.

4.6 Brain heart infusion broth

Brain-heart infusion broth was prepared according to the manufacturing company.
It was used for detection of different biochemical tests.

4.7 MacConkey agar medium

MacConkey agar medium was prepared according to the method recommended
by the manufacturing company. It was used for the primary isolation of most
Gram-negative bacteria and to differentiate lactose fermenters from non-lactose
fermenters.

4.8 Brain heart infusion (BHI) broth: glycerol medium

This medium was prepared by mixing 5 ml of glycerol with 95 ml of BHI broth
(sterilized by autoclave). It was used for preservation of bacterial isolates as stock for
long time.

4.9 Simmon-citrate medium

Simmon-citrate medium is prepared according to the manufacturing company. It
has been used for determining the ability of bacteria to utilize citrate as the sole source
of carbon.

4.10 Kligler iron agar medium

Kligler-Iron agar was used for determining glucose and lactose fermentation and
possible hydrogen sulfide (H2S) production as a first step in the identification of
Gram-ve bacilli.

4.11 Motility medium

It was prepared by dissolving 0.5 gm of agar-agar in 100 ml of brain-heart infusion
broth and autoclaved, then the contents were dispensed into test tube.

5. Collection of specimens

Urine specimens were collected under aseptic procedure, to avoid any possible
contamination. 10 ml of mid-stream urine samples are collected from patients suffer-
ing from UTIs, urine samples are collected in sterile screw-cap containers. Each
specimen is immediately inoculated onto the blood agar plates and MacConkey’s
plates. All plates are incubated at 37°C for 24 hrs.
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6. Laboratory diagnosis

According to the diagnostic procedures recommended, The isolation and identifi-
cation of Staphylococci species in specimens are performed as follows:

6.1 Colonial morphology and microscopic examination

6.1.1 Colonial morphology

All specimens were cultivated on blood agar, Nutrient and MacConkey agar media
by swabbing and incubated at 37°C for 18-24 hrs.Each primary positive culture is
identified depending on the phenotypic properties such as (colony size, shape, color
and nature of pigments, translucency, edge, elevation, and texture).

6.1.2 Microscopic examination

The morphology of bacterial cells is investigated by Gram-stain to observe shape,
arrangement of cells and type of reaction by using Gram-stain. Then, specific bio-
chemical tests are done for each isolates for the final identification.

6.1.3 Motility test

After preparation of semisolid media, the bacterial colonies were inoculated by
stabbing-down to the center of the tube to about half the depth of the medium. The
cultured tubes were incubated at 37°C and were examined after 6 hours, 1 and 2 days.
Non-motile bacteria had generally restricted to the stab line and given sharply defined
margins with leaving the surrounding medium clearly transparent, while motile bac-
teria give diffuse hazy growth that spread throughout the medium rendering it
slightly opaque.

6.2 Biochemical tests

The following biochemical tests are performed for the identification of Staphylo-
coccus species isolates:

6.2.1 Coagulase test

Method of Benson (2001), include several colonies of bacterial growth were trans-
ferred with a loop to a tube containing 5 ml of Nutrient broth. The tube was covered to
prevent evaporation and incubated at 37°C in the incubator over-night. After incuba-
tion, tube mixed and centrifuged, 0.5 ml of the supernatant withdrawn and mixed
with 0.5 ml of fresh human plasma, then incubated in the water bath at 37°C for
several hours.

If the plasma is coagulated, the organism is coagulase-positive. Some coagulations
occurred in 30 minutes or several hours later. Any degree of coagulation, from a loose
clot suspended in plasma to a solid clot, was considered to be a positive result, even if
it takes 24 hours to occur.
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6.2.2 Catalase test

Transferring the bacterial growth by wood stick and put it on the surface of
a clean slide and add a drop of (3% H2O2), positive result when the gas bubbles
appear.

6.2.3 Oxidase test

Filter paper is soaked with a freshly made reagent, and the colony to be tested is
taken up with a sterile wooden stick and put over the filter paper. A positive result is
indicated by a deep purple color which appeared within 5–10 seconds.

6.2.4 Citrate utilization test

The surface of simmons citrate slant medium is inoculated with the colony of
tested bacteria and incubated at 37°C 18-24 hrs. Conversion of the indicator’s color
from green to blue indicates that the organism was able to utilize citrate as a sole
source of carbon.

6.2.5 Methyl red test

Tubes of MR-VP broth are seeded with the selected bacterial colonies and incu-
bated at 37°C for 48 hrs. Then 5 drops of methyl red reagent are added to it, the
appearance and observation of red color means a positive result and a complete
analysis of glucose.

6.2.6 Mannitol fermentation test

Mannitol Salt Agar was inoculated with bacterial colonies then incubated at 37C°
for 24 hours. The color changed from pink to bright yellow as the bacteria was lactose
fermenter, or unchanging color of the medium was a negative result.

6.3 Virulence factors test

6.3.1 Urease test

This test was done by inoculating the prepared urea medium with bacterial
growth. The tubes were incubated for 24–48 hours at 37°C. The change of color
medium into pink indicated a positive result.

6.3.2 Haemolysin production on blood agar

Detection of hemolysin production was carried out by inoculating a blood agar
with bacterial isolates, then incubated at 37°C for 24 hrs. The appearance of a clear
zone around the colonies indicated a complete hemolysis (ß- hemolysis) while green-
ish zone around the colonies referred to partial hemolysis (α- hemolysis), no change in
the medium referred to no hemolysis (γ- hemolysis).
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6.4 In vitro stone formation

A fresh urine sample was obtained from a healthy control with no history of
urinary stones or urogenital infectious diseases. It was sterilized by filtration. Ability
to forma stone was detected by growing bacterial species aerobically at 37°C for
24 hours in brain heart infusion broth which was enriched with 1% Tween 80 and 10%
serum. 1 ml of 1: 10 dilution in human urine of an overnight culture of bacteria was
inoculated in to 9 ml of the sterile urine.

E. coli (known to be non-urease-producer) was inoculated in the same mentioned
above.

All inoculums gave a final count of about 107 CFU/ml.
A control of 10 ml of urine (from the same person) was also studied.
All tubes were incubated at the same incubation conditions (at 37°Cfor overnight).
Ammonium concentration (indophenol method; appendix), turbidity and pH

were determined at the beginning of experiment and after 4, 8 and 24 hours of
incubation.

Sediment was examined at the same intervals and crystals, if any, were identified
both macro- and microscopically.

The inhibition factor were added.

6.5 Plant extract preparation

50 gm of the powdered of each samples (curcumine, Zea mays, Ziziphus, coffee)
dissolved in 500 ml of distilled water the final concentration of each plant extract is 50
gm/ml while the cranberry were used as a template with its exact concentration.

7. Results and discussion

7.1 Isolation and identification bacterial urinary tract infections

7.1.1 Isolation of species

A total of 60 urine samples were obtained from patients suffering from urinary
tract infection who are admitted to Al-Hussein Teaching Hospital, at the period from
December to February 2018–2019. Among 60 clinical samples, only 57 showed posi-
tive results, as shown in Table 1.

In this study, Staphylococcus saprophyticus, Streptococcus agalactiae, Escherichia coli,
Klebsiella pneumonia, proteus spp., Morganella morgani and Pseudomonas aueroginosa
that were isolated and identified in this study, as shown in Table 2 and the Figure 1
Show the distribution rate of isolation.

No. of urine samples No. of culture

No. of negative culture No. of positive culture

60 samples 3(5%) 57(95%)

Table 1.
Number and percentage of bacteria isolated from urine samples of patients with urinary tract infections.
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It was observed that Klebsiella pneumoniae is rods, catalase positive, oxidase nega-
tive and hemolysin producer, non-motile, lactose fermenter on MacConkey agar, the
colonies appear pink to red in color, with mucoid phenotype.

Besides, the isolates were urease and capsule producers, having positive results for
vogues proskaur and negative for methyl red and H2S production test. All the isolates
of klebsiella pneumoniae were fermenter for glucose, lactose sucrose, L-arabinose, D-
mannitol and maltos.

Regarding, Staphylococcus saprophyticus, this bacteria is isolated only from women
patients with UTI at a rate 21%. This bacteria is highly prevalence among young
women, and also is considered pathogen in UTI. Many studies indicate that S.
saprophyticus can cause UTI in young females and considered as the second causes of
UTI among this age group (below 15 years old) after E. coli [15–17].

Bacterial spp. No. of isolation %

Male Female Total

Klebsiella 2 5 7 12%

Staphylococcus saprophyticus — 12 12 21%

Proteus 6 4 10 19%

Morganella
morgani

2 3 5 8%

Pseudomonas aueroginosa 5 3 8 14%

E.coli 4 5 9 16%

Streptococcus agalactiae — 6 6 10%

Total 19 (34%) 38(66%) 57 100%

Table 2.
Prevalence and distribution of bacterial pathogens according to gender of patients.

Figure 1.
Distribution of bacterial Spp. isolation rate.

74

Update on Bladder Cancer



Streptococcus agalactiae (group B Streptococcus) is a major cause of neonatal
infectious disease in humans in many countries and is carried asymptomatically by a
large proportion of adults. It is also recognized as an emerging pathogen in human
adults [18].

GBS is also an important cause of morbidity and mortality in the elderly and in
immuno-compromised adults. Primary manifestations of adult GBS disease include
bacteremia, skin and soft tissue infections, pneumonia, osteomyelitis and urinar y
tract infections [19, 20].

According to [21] only (16.7%) of urine samples were obtained from patients with
suspected UTI were positive from coagulase negative staphylococcus, and this result is
lesser than that obtained in this study, Isolation rate of Proteus spp. Similar to [22] who
found that percentage 7(7%) of Proteus. The variation in bacterial isolation between
studies may be attributed to many factors such as sanitary practices in hospitals and
staff, environmental conditions, isolation and identification techniques, social and
cultural level of patients, and use multidrug (antibiotics) that may lead to developing
in bacterial resistance ability, or may be due to differences in the size of samples; all
these factors may employ together and play an important role in inhibit or stimulate
the growth and distribution of pathogenic bacteria in hospitals.

7.2 Identification of bacterial spp

The identification of any bacteria depends mainly on the cultural, biochemical
characteristics and microscopic patterns. These organisms varying from cocci to
(bacilli) rods microscopically searching on is motile or not, spore forming, coagulase
and catalase.

Most Staphylococcus; on blood agar, the colonies tend to be non-pigmented,
smooth, entire, glistening, and opaque colonies, However, the isolates were shown to
be catalase positive, oxidase negative, coagulase negative, and mannitol fermentation
negative. Also, all isolates were non-motile and negative for each starch hydrolysis,
gelatin hydrolysis, methyl red and citrate utilization test.

The identification of Proteus is Gram- negative bacilli, catalase positive,have
white colony with fushy oder and showe swarming motality. M. morganii can
produce the enzyme catalase, so is able to convert hydrogen peroxide to water and
oxygen. This is a common enzyme found in most living organisms. In addition, it
is indole test-positive representing this organism can split tryptophan to indole,
pyruvate, and ammonia. Methyl redtests positive in Morganella morganii, an
indicator dye that turns red in acidic solutions. is facultatively anaerobic and
oxidase-negative. Its colonies appear off-white and opaque in color, when grown
on blood agar plates. It is straight rods, about 0.6–0.7 μm in diameter and 1.0–1.7 μm
in length.

8. Complicated and simple urinary tract infections

A total (57) isolates of bacteria 33 (18.66%) isolated obtained from patient with
complicated urinary tract infection and a 24 (39.2%) isolated obtained from patients
with simple urinary tract infection from both sex as shown in Table 3, While the
Figure 2 shows the comparison between them.
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In the case of complicated UTI which includes several cases shown in Table 4.
Complicated urinary infection occurs in both women and men, and in any age

group. Because uncomplicated urinary infection is rare in men, any male urinary
infection is usually considered complicated (Figure 3) [23].

Recurrent urinary infection in postmenopausal women is associated with genetic
and behavioral risk factors similar to those seen in younger women with acute
uncomplicated urinary infection, such as a higher likelihood of being a no secretor and
a history of prior urinary infection [24].

However, postmenopausal women with recurrent urinary infection are also more
likely to have increased residual urine volume, cystoceles and prior genitourinary

No. of bacterial Isolated Complicated UTIs simple UTIs

57 33(57.8%) 24(42.1%)

Table 3.
Bacterial isolated from complicated and simple urinary tract infections.

Figure 2.
Show the comparison between complicated and simple UTIs.

Cause of UTI No. of patients

Renal stone 20

Nephrostomy 1

JJ stent 1

Bladder stone 1

Chronic pyelonephritis 1

Ca. of bladder 2

Urethral tumor 1

BPH 3

Immune compromised, leukemia 2

Urethral stricture 1

Table 4.
Patient with complicated urinary tract infection.
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surgery than are women without infection, and these associations are consistent with
complicated infection. Thus, as a population, postmenopausal women with recurrent
urinary infection encompass elements consistent with both uncomplicated and com-
plicated urinary infection.

In case of complicated UTI, the result of this study was agreement with results
obtained by [25] who found that these bacteria found in complicated UTI with per-
centage (60.8%). This result was dis- agreement with the result obtained by [26] as
they found that the percentage of isolated percentage.

Also, the result in this study is closed to that obtained by [27] who found that
percentage 44% from complicated UTI, and the results obtained by [28] that they
were isolated bacterial spp. from renal calculi in percentage 21% was not agreement
with results in this study.

On the other hand, the case of simple UTI with includes seven isolated from
woman, including four pregnant women, two males from the other nine samples.

9. In vitro struvite stone formation by bacterial spp.

Struvite stones are thought to develop in urinary tract infected with urea splitting
bacteria; the bacterial urease hydrolyzes urea, leading to hyperammonuria and alka-
linization of urine with consequent crystallization of struvite.

In the present study, the stone forming ability of urease positive isolates investi-
gated through an experiment testing the pH and crystals of human urine inoculated
with, E. coli as a control and controlled urine with no bacteria at 0, 4, 8, and 24 hours
of incubation.

When human urine was inoculated with bacteria a gradual increase in the cell
density was noticed until the 4th hour when the rate of proliferation became faster,
increasing the microbial population to the maximum when examined after an over-
night incubation, during the experimental bacterial growth in human urine, the pri-
mary urine pH, and crystals were measure, and re-measured again at 4, 8 and 24 hours
of incubation. At the onset of the experiment, the urine pH was about (5.5). When
isolates grew in human urine, there was a slight elevation in the urine pH at the first

Figure 3.
Distribution of complicated UTI cases.
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4 hours, reaching about (6.2), at 8 hours reach to (7.5) and maximized after 24 hours
up to (9). However, this is not the case when E. coli grew at the same experimental
conditions, as it was expected, there was a very minor elevation in the pH, whereas,
the final reading was 6.0. On the other hand there were no changes in the pH of
control urine which was free of bacteria during the period of study. The results were
shown in Figure 4.

Struvite stones formation associated with urinary infection by urease production
isolates are thought to be as a consequence of hyper ammonuria and alkalinization of
urine associated with this bacterium growth [29].

The numbers of crystals seen microscopically increased gradually parallel with that
of both the pH, reaching a maximum number after 24 hours of incubation when white
sediment appeared at the bottom of the tube at that time (Table 5).

However, as it was expected E. coli growth resulted in no increase in the number of
crystals seen microscopically as in the case of other non-urease producer organisms,
and urine inoculated with no bacteria did not alter the number of crystals at all
(Figure 5). There was no sediment observed in case of both E coli pseudomonas the
control urine after an overnight incubation (Figure 6).

P. merabilis is a relatively fastidious microorganism and is probably less virulent
than other gram negative bacilli usually involved in urinary tract infection, urease
enzyme produced by this bacterium plays a major role in the pathogenesis of struvite

Figure 4.
Stone formation by positive urease, bacteria (40�).

Bacterium No. of crystals/Hpf microscope at hour

zero 4 8 24

Strep. agalactiae 0–4 4–8 8–12 12–20

Staph. saprophyticus 0–6 6–8 8–11 12–25

Merothrips morgani 0–6 6–10 10–15 15–20

Klebsiella 0–7 7–10 11–17 12–28

Proteus 0–3 3–8 5–10 20–30

E. coli 0–3 0–3 0–3 0–3

P. aueroginosa 0–2 0–2 0–2 0–2

Table 5.
Number of crystals according to the time in bacterial isolated from complicated and simple urinary tract infection.

78

Update on Bladder Cancer



stone formation, and it is agreed to be the direct cause of hyperammonuria and
alkalinization of urine seen in UTI caused by this bacterium.

Struvite is one of the main components of infectious urinary stones, which are
caused by the activity of microorganisms that produce urease, primarily Proteus
species. One of the primary causes of urinary stone formation is the aggregation of
precipitating particles and bacteria.

10. Effect of some plants extracts on struvite stone formation

The effect of some plant extract on stone formation was investigated; it was found
that the activity of curcumin were performed an in vitro experiment of struvite
growth from human urine. The results demonstrate that curcumin exhibits the effect
against isolates inhibiting the activity of urease—an enzyme produced by these
microorganisms. Addition of curcumin decreases the efficiency of growth of struvite
compared with the absence of curcumin.

Figure 5.
Shows stone formation according to the time.

Figure 6.
Stone formation by bacteria with correlation to the time.
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The results show that the urine pH was about (4.5). When bacteria grew in human
urine and give a very high rate of stone formation followed by, and added curcumin
and crambery, there was a slight elevation in the urine pH at the first 4 hours, reduced
increase pH to reaching about (5.5), at 8 hours the pH was reach to (6) and after
24 hours the pH was (7.5) (Table 6).

This result was agrrement with result obtained by [30] who found that the exper-
iment of added curcumin has demonstrated that the curcumin a lower concentration
has inhibitor urease activity (Figure 7).

In the case of addition of curcumin our experiment runs differently. First, the
solubility of curcumin in the solution of human urine is relatively low. Therefore,
we have initially observed unsolvable particles of curcumin, resulting in “stellar”
aggregates. Furthermore, individual struvite crystals appear later in the absence of
curcumin. Furthermore, the addition of curcumin reduces the size and number of
struvite crystals.

No. of cast Bacterial
Isolates

Free without
inhibition

Plant extract

Zea mays Curcumin Cranberry Ziziphus Coffee

Proteus 30 19 17 19 22 25

Klebsiella 28 9 11 8 10 12

Morganella morganii 20 8 10 10 11 11

Staphylocuccus 25 9 11 11 18 18

Streptococcus 20 10 10 17 19 20

Table 6.
Effect of plant extract against struvite stone.

Figure 7.
Shows the plant extract activity against stone.
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Struvite crystals form much later when curcumin is present than when it is not.
Two factors could contribute to a slower pH increase. For starters, curcumin has the
potential to act as a bactericide. Second, while curcumin may inhibit urease activity, it
has no effect on the viability of the bacterium. In contrast, curcumin inhibits urease
activity.

Curcumin as well as Zea mays and Ziziphus leave has attracted attention because of
its various biological activities. Modern interest in turmeric began in 1970s when it
was found that turmeric possesses anti-inflammatory properties. Therefore, plant
extracts are widely studied and it is found that curcumin possesses also antitumor,
antibacterial, antifungal and antiviral properties, Curcumin is a powerful agent that
can be used in a variety of pharmacological applications. Furthermore, curcumin is
not toxic to either animals or humans at high doses. Even at doses of 8–10 g/day,
curcumin is pharmacologically safe [31]. Tween 80 in culture media promotes the
formation of struvite stone by stabilizing urease activity. The current study has con-
firmed that urease is important in stone formation.

Cranberries are made up of 88 percent water and a variety of organic acids,
vitamin C, flavonoids, anthocyanidins, catechins, and triterpinoids. These compo-
nents all play different roles in the plant, which results in a variety of potential health
benefits from their consumption. PACs have recently received a lot of attention due to
the health benefits that have been linked to them.

Certain cranberry components have anti-adhesive effects on specific
uropathogens. Cranberries contain three types of Mavonoids (Mavonols, anthocya-
nins, and as well as catechins, hydroxyl cinnamic acid, and other phenolic acids and
triterpenoids. Anthocyanins are absorbed and transported through the human circu-
latory system without causing any chemical changes in the urine.

Therefore, PACs can reduce the bacterial attachment to host tissues and prevent
biofilm synthesis. It has been suggested by that disruption of quorum sensing by PACs
might be the other reason of decrease in biofilm production. Cranberry can be an
effective preventive measure for UTIs as it inhibits adhesion and biofilm formation of
uropathogenic bacteria.

11. Conclusion

In this chapter, it is included that.
The prevalence of pathogens in complicated UTI is more than in simple UTI

because its virulence as well as its ability to causes diseases.
Staphylococcus saprophyticus are the more predominant pathogen in UTI infection

in female at the reproductive age.
Urease enzyme are sole of strutative cystitis.
All urease-producing bacteria are able to cause cystitis.
Successful uses of curcumine, zea mays, chrampry, ziziphus leave and coffee to

eradicated the Bacterial cystitis.
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Bladder cancer is the most common malignancy of the urinary tract and one of the 
most prevalent cancers worldwide. The bladder microbiota is strongly associated 

with different statuses of bladder cancer. The increased abundance of microbes such 
as Schistosoma, Pseudomonas, Streptococcus, Mycobacterium, Bacteroidetes, and 
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