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Résumé

Résumé

Le cancer de la vessie (CV) est I'un des cancers les plus répandus au Maroc, compte tenu de sa lourde
prise en charge. Actuellement, de nouvelles méthodes pour prédire le risque de récidive et de progression
sont développées, de nouvelles combinaisons de médicaments intra-vésicaux sont testées ainsi que des
tests biomoléculaires non invasifs sont en cours d'étude pour optimiser les résultats et améliorer la

gestion des patients marocains atteints de CV.

Dans ce cadre nos travaux de recherche ont ciblé trois parties principales. La premiére a été consacrée
a I’évaluation de I'utilit¢ des modéles de notations EORTC et CUETO pour estimer les risques de
récidive et de progression chez les patients atteints de CV non infiltrant le muscle. Cette étude
préliminaire a montré que les deux modéles peuvent stratifier les patients en quatre groupes de risque,
néanmoins le modéle de notation CUETO reste le plus performant pour prédire la récidive dans notre
population. Une étude rétrospective dans une large population marocaine multicentrique et pendant une

période de suivi prolongée, serait nécessaire pour la validation externe de ces modeles de notation.

La deuxiéme partie a été axée sur 1I’évaluation de la performance diagnostique et pronostique d’un panel
de biomarqueurs génétiques. Nous avons observé une fréquence importante de mutations dans le géne
p53 (100%), suivi de hTERT (60%), tandis que les mutations au niveau des genes PIK3CA et AKT1
ont été considérées comme des événements rares dans notre population. La fréquence des mutations au
niveau de ces genes est élevée, leur identification est aisée dans les sédiments urinaires et avec une
specificité élevée (100%) ainsi qu’une sensibilité qui varie entre 50% et 100%. Sur la base de ces

propriétés, ces biomarqueurs pourraient étre pris en considération pour les investigations génétiques.

Dans la troisiéme partie notre intérét s’est focalisé sur 1’évaluation du statut de méthylation des genes
hTERT, TWISTI, VIM et NID2. Nos résultats ont montré que 1’hyper-méthylation des génes étudiés
(90% ; 85,71%; 67,14% et 67,14%, respectivement) est un éveénement fréquent dans le CV. Une
spécificité de 100% et une sensibilité de 82,8% a 97,1% ont été déterminées dans les échantillons
urinaires. Ces caractéristiques permettraient d’utiliser la détermination de la méthylation au niveau des
génes cités comme outil non-invasif prometteur de diagnostic et une cible thérapeutique de choix pour
le traitement du CV, le suivi ainsi que I’amélioration de la prise en charge des patients atteints de CV

au Maroc.

Nos travaux mettent en valeur ’importance de 1’évaluation des altérations génétiques et épigénétiques
et leurs apports pour le diagnostic du CV. Ces approches peuvent enrichies par I'étude de I'expression
d’autres genes impliqués dans d’autres voies de signalisation afin de mieux comprendre les mécanismes

impliqués dans la carcinogenese de la vessie.

Mots-clés : Cancer de la vessie, Diagnostic, Biomarqueurs génétiques, épigénétiques, Test non-invasif,
EORTC, CUETO.



Abstract

Abstract

Bladder cancer (BC) is one of the most common cancers in Morocco due to its high dependency on
management. Currently, new methods to predict the risk of recurrence and progression have been
developed, new intra-vesical drug combinations have been tested, and non-invasive biomolecular tests
have been investigated to optimize outcomes and improve the management of Moroccan patients with
BC.

In this context, our research work focused on three main parts. The first part aimed to assess the
usefulness of the EORTC and CUETO scoring models for estimating the risks of recurrence and
progression in non-muscle-invasive BC patients. This preliminary study showed that both models can
stratify patients into four risk groups. However, the CUETO scoring model remains the best-performing
model for predicting recurrence in our population. A retrospective study in a large multicenter Moroccan
population and during an extended follow-up period would be necessary for external validation of these

scoring models.

The second part focused on evaluating the diagnostic and prognostic performance of a panel of genetic
biomarkers. We observed a high frequency of mutations in the p53 gene (100%), followed by hTERT
(60%), while mutations in the PIK3CA and AKT1 genes were considered rare events in our population.
Identifying these gene mutations in urine liquid biopsy demonstrates a high specificity (100%) and a
sensitivity that varies between 50% and 100%. Based on these properties, these biomarkers could be

considered for genetic investigations.

In the third part, our interest focused on evaluating the methylation status of hTERT, TWIST1, VIM
and NID2 genes. Our results revealed that hypermethylation of the studied genes (90%; 85.71%;
67.14%, and 67.14%, respectively) is a frequent event in BC. A specificity of 100% and a sensitivity
ranging from 82.8% to 97.1% were found in urine samples. These results suggest using a methylation
pattern of urinary DNA as a promising non-invasive diagnostic tool and a therapeutic target for the

treatment of BC, follow-up and improvement of the management of BC patients in Morocco.

Our studies highlight the importance of assessing genetic and epigenetic alterations and their
contribution to the diagnosis of BC. These approaches can be enriched by studying the expression of
other genes involved in other signaling pathways to better understand the mechanisms involved in

bladder carcinogenesis.

Key-words: Cancer de la vessie, Diagnostic, Biomarqueurs génétiques, épigénétiques, Test non-invasif,
EORTC, CUETO.
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Résumé détaillé

Résumé détaillé

Le cancer de la vessie est I'un des cancers les plus courants dans le monde. Les hommes sont
environ 3 a 4 fois plus susceptibles de développer un cancer de la vessie que les femmes. Les
principaux facteurs de risque comprennent le tabagisme, I'exposition professionnelle a des
produits chimiques tels que l'arsenic et les colorants azoiques, ainsi que des antécédents
familiaux de cancer de la vessie. Les symptoémes peuvent inclure des douleurs abdominales, des
douleurs pendant la miction, du sang dans l'urine et une faiblesse générale. Le traitement
dépendra de stade et de grade du cancer, mais peut inclure la chirurgie, la chimiothérapie,

I’immunothérapie et la radiothérapie.

Selon les données de I'Organisation Mondiale de la Santé (OMS) publiées en 2021, le cancer
de la vessie est classé en huitieme position des cancers les plus fréquents au Maroc. Cette
maladie représente un probléme de santé publique en raison de sa prévalence élevée et sa
lourdeur prise en charge. Environ 50% a 70% des patients atteints d'un cancer de la vessie non
infiltrant le muscle présentent une récidive de la maladie, ce qui nécessite souvent une
surveillance et des traitements supplémentaires a long terme. De plus, le cancer de la vessie de
stade avancé peut souvent progresser rapidement et se propager a d'autres organes, ce qui peut

rendre la gestion de ce cancer plus difficile et complexe.

La gestion du cancer de la vessie nécessite une classification des tumeurs non infiltrant le
muscle en groupe de risque, ce qui permet de définir le traitement adéquat pour chaque groupe
de risque. Il existe plusieurs outils de prédiction du risque de récidive et de progression du
cancer de la vessie, peuvent aider les médecins a prendre des décisions quant a la surveillance
et au traitement des patients atteints de cancer de la vessie. L'outil de prédiction EORTC
(Organisation européenne pour la recherche et le traitement du cancer) est un modele qui utilise
plusieurs facteurs de risque pour prédire le risque de récidive et de progression du cancer de la
vessie, notamment le stade et le grade histologique de la tumeur, la taille de la tumeur, la
présence de carcinome in situ, le taux de récidive antérieure et le nombre de tumeurs. La
principale limite du modele de notation EORTC est son incapacité a prédire la récidive et la
progression chez les patients traités par le BCG. Le modéle de notation CUETO (Club
Urologico Espanol de Tratamiento Oncologico) a été spécifiqguement créé et validé par le Club
Urologico Espanol de Tratamiento Oncologico pour surmonter ce probléme, il est basé sur sept
facteurs de risque : 1’age, le genre, le stade et le grade histologique de la tumeur, la présence de

carcinome in situ, le taux de récidive antérieure et le nombre de tumeurs.

Vi



Résumé détaillé

La premicre partie de cette étude est consacrée pour évaluer 1’utilité des systémes de notation
EORTC et CUETO a prédire les risques de récidive et de la progression chez les patients
marocains atteints de TVNIM. Les résultats ont clairement montré que les deux modéles de
prédiction EORTC et CUETO sous-estiment les probabilités de recidive et de progression a
court terme. Les deux tables surestiment les taux de récidive et de progression a 5 ans. Nous
avons également observé que seul le modéle CUETO a réussi a stratifier nos patients en quatre

groupes de risque de récidive (p = 0,005).

Plusieurs biomarqueurs génétiques et épigénétiques ont été récemment incorporés dans les
outils de prédiction EORTC et CUETO pour améliorer la valeur prédictive de ces modeles pour
les patients atteints de TVNIM. En effet, ces derniéres années, Des efforts considérables ont été
déployés pour identifier des biomarqueurs prédictifs et diagnostiques dans les stades précoces
et avancés du cancer de la vessie afin de surmonter les limites de la cystoscopie (méthode
invasive) et de la cytologie urinaire (une sensibilité limitée pour détecter les tumeurs de petite
taille) qui sont les deux méthodes couramment utilisées pour le dépistage et la surveillance du
cancer de la vessie. Des tests moléculaires basés sur I'analyse de I'ADN et de I'ARN peuvent
étre utilisés pour détecter les altérations génétiques et épigénétiques dans les cellules de la
vessie, pour ensuite les introduire dans le diagnostic et le suivi afin d’améliorer la prise en

charge de CV au Maroc.

Dans ce contexte, nous avons étudié le statut mutationnel des génes TERT, Tp53, et
PIK3CA/AKT1 et le statut de méthylation des genes TWIST1, hTERT, VIM et NID2. Ces
biomarqueurs génétiques et épigénétiques pourraient améliorer de facon non invasive la
détection et pourraient étre intéressants comme biomarqueurs prédictifs de réponse aux

thérapies ciblées dans la prise en charge du CV.

Nous avons utilisé une cohorte de 70 patients suivis pour un cancer de la vessie dans le service
d'urologie de I'hopital militaire Mohammed V, Rabat - Maroc, au cours de 2017-2019. 68
patients recrutés étaient des hommes et 2 sont des femmes, avec une sex-ratio de 34. L'age
moyen des patients était de 67 ans, allant de 47 a 85 ans. 28 patients (40%) ont éte déclares
comme fumeurs actifs ou anciens fumeurs. La plupart des cas avaient un stade < PT1 (74,29
%) et présentaient un grade tumoral élevé (61,43 %) au moment de diagnostic. Parmi les 56
patients présentant un type de TVNIM, 12 ont connu une récidive tumorale (23,08 %) et 5 (10

%) ont été diagnostiqués avec une progression au cours des 4 années de suivi.

Dans la deuxiéme partie de cette these, nous avons effectué une analyse du statut mutationnel

de certains biomarqueurs génetiques qui sont impliqués dans la prolifération et l'invasion

viii



Résumé détaillé

tumorale. L'analyse du sequencage du gene Tp53 a révelé des fréquences tres élevées de
mutations avec une prévalence élevée de 100%, et au moins une mutation a été détectee chez
chaque patient, suivie par le promoteur du gene hTERT (60%) et le géne PIK3CA (12,6%). Une
seule mutation pathogene E17K dans I'exon 1 du gene AKT a été détectée. Dans notre étude,
les mutations du géne Tp53 semblent étre corrélées au grade de la tumeur, tandis qu'aucune
corrélation entre les genes hTERT et PIK3CA/AKTL1 et les paramétres clinico-pathologiques n'a
été démontrée dans notre cohorte, cela peut étre dd a la petite taille de I'échantillon.

Afin d'évaluer I'utilité du sediment urinaire pour détecter les altérations génétiques en tant que
matrice non invasif pour le diagnostic et le suivi du cancer de la vessie, nous avons exploré les
cellules exfoliées présentes dans I'urine pour rechercher des mutations dans les genes PIK3CA,
AKT1 et TERT. Pour ces trois genes, nos resultats révelent une sensibilité qui varie entre 50%
et 100% et une spécificité de 100%.

Outre les marqueurs génétiques, un grand nombre des biomarqueurs épigénétiques sont
proposés en permanence, et les technologies utilisées pour analyser ces biomarqueurs
épigénétiques prometteurs s'améliorent et deviennent plus faciles a utiliser dans la pratique
clinique. Récemment, il a été signalé que I'nyper-méthylation du promoteur des génes TWIST,
VIM, NID2 et hTERT est impliquée dans la régulation de 'EMT en tant que marqueur
mésenchymateux important dans divers types de tumeurs, notamment le cancer de la vessie.
Cela suggere la possibilité de les utiliser comme une cible thérapeutique prometteuse pour ce

cancer, en particulier dans les stades avancés.

Dans la troisieme partie de cette étude, notre objectif était d'étudier le profil de méthylation des
sites CpG dans les promoteurs de quatre génes candidats en utilisant les biopsies et les
sédiments urinaires de 70 patients marocains atteints de cancer de la vessie en utilisant la
méthode PCR spécifique de la méthylation. Nous avons également évalué I'impact pronostique

de ces marqueurs dans le CV.

Nos résultats indiquent que les fréquences de méthylation des genes hTERT, TWIST1, VIM et
NID2 étaient respectivement de 90%, 85,71%, 67,14% et 67,14%. L'analyse statistique a
montré une association significative entre I'hnyper-méthylation du gene TWIST1 et la récurrence
du CV (p = 0,041). Nous avons analysé les échantillons d'urine appariés provenant de la méme
cohorte afin de définir la sensibilité et la spécificité de ces biomarqueurs qui peuvent étre utiliser
comme méthode de détection non invasive. Nous avons trouvé une sensibilité et une spécificité
élevées pour détecter I'hyper-méthylation des genes TWIST1, hTERT, NID2 et VIM, qui
atteignent 91,7 % ; 97,1 % ; 84 % et 82,8 %, respectivement.
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General introduction

Bladder cancer (BC) is considered the tenth most common cancer worldwide, and its incidence
is steadily rising particularly in developed nations. More than half a million were diagnosed
with BC worldwide, with a very high incidence in southern Europe and a higher mortality rate
in North Africa (GLOBOCAN, 2020).

The most common type of BC is urothelial carcinoma (UC), and in this subtype, non-muscle
invasive bladder cancer (NMIBC) is the most common form (Babjuk et al., 2022). This form is
characterized by alterations in several molecular and pathological pathways. The genomic
heterogeneity and dynamic nature of NMIBC lead to BC progression and invasion as well as
frequent recurrences that can occur during therapy, making the clinical management of this BC
type difficult (Tétu, 2009).

Management of BC involves risk stratification of NMIBC into risk groups, which enables the
identification of the right level of care for distinct risk groups of patients. In addition, the use
of risk prediction tools for recurrence and progression is recommended to enhance population
health management and improve overall health outcomes (Sylvester et al., 2021). For this
purpose, EORTC and CUETO scoring models have been developed for predicting recurrence
and progression based on clinicopathological factors. The validation of these tools has been the
focus of several groups to evaluate their usefulness in clinical practice (Sylvester et al., 2006;

Fernandez-Gomez et al., 2009).

In Morocco, the stratification of patients into risk groups of recurrence and progression is done
following the updated Cancer Committee of the French Association of Urology (ccAFU)
guidelines (Rouprét et al., 2020). None of the EORTC and CUETO scoring models are accepted
and used in clinical practice because of the overestimation of the risk of recurrence and
progression. To the best of our knowledge, no study has assessed the utility of these tools in the
Moroccan population. Thus, it is crucial to evaluate the usefulness of these scoring models

before introducing them into clinical practice.

Cystoscopy and urine cytology remain important methods used for diagnosing and surveillance
of bladder cancer (Raitanen et al., 2001). To complement these gold standard tools in BC
management , alternative tests based on the molecular approach have been developed recently,

and several markers corresponding to molecular alterations have been proposed and which can



be integrated into prediction models EORTC and CUETO. These molecular abnormalities,
specific to tumor cells, can result from an alteration in the nucleotide sequence (mutations:
Insertions/deletions) or epigenetic mechanisms, such as acetylation, methylation or
demethylation of regulatory gene sequences. However, these assays have not been used as

routine clinical tests due to their relatively low sensitivities and/or specificities (Tétu, 2009).

Mutation profiling studies in bladder tumors have identified somatic genetic alterations that
activate oncogenes or proto-oncogenes such as FGFR3, HER2, CCND1, C-myc, FGF family,
PIK3CA, AKT1 or inactivate tumor suppressor genes such as p53, p21, pRB, p73, PTEN that
are involved in the modulation of neoplastic cell transformation. In addition to genetic changes,
hypermethylation in the CpG islands of several gene promoters is a major event involved in the
carcinogenesis process of several cancers, including BC , that show overexpression of
oncogenes and the possible subsequent silencing of tumor suppressor genes (Hong-Tao et al.,
2016).

Furthermore, multiple genetic and epigenetic modulations of genes activities occur
simultaneously or are mutually influenced by each other. Many genetic mutations disrupt the
functions of genes involved in epigenetic regulation; on the contrary, epigenetic aberrations
lead to alterations in transcription (Hong-Tao et al., 2016). Therefore, understanding the genetic
and epigenetic alterations in BCis highly important for developing accurate and practical
methods for Research in this discipline aims to establish panels of genes that can be used as
diagnostic and prognostic biomarkers and for the identification of novel therapeutic targets
for more streamlined management of patients with BC (Califf, 2018).

In this context, the purposes of the present study are:

- To compare the recurrence and progression rates with the scores obtained from the
EORTC and CUETO scoring systems to speculate on the utility of these tools.

- To characterize the genetic and epigenetic anomalies of some candidate genes in
biopsies and exfoliated cells in urine to develop new biomarkers for the diagnosis,

prognosis and therapeutic management of bladder cancer in Morocco.



I. Background

.1  Function, Anatomy and Histology of bladder

The bladder is an integral part of the urinary system and an elastic sac serving as a temporary
reservoir for urine and allowing urination to be infrequent and controlled. It forms a part of the
pelvic organs and is located just posterior to the pubic symphysis. In adulthood, the average
volume that a normal bladder can store is between 300 and 400 mL (Lukacz et al., 2011). Aging
changes bladder capacity, the bladder wall becomes less stretchy, and the organ cannot carry as
much urine as before (Siroky, 2004).

Anatomically, the bladder is connected to the ureters above; these tubular structures connect
the kidneys to the urinary bladder. The urethra is situated at the bottom of the bladder that
carries urine to the outside. It is divided into four anatomical sections: the dome is directed
forward towards the anterosuperior part of the bladder. The fundus is the base part of the
bladder. The body is the main part of the bladder located between the apex and the fundus. The
bladder neck is a group of muscles that connects the bladder to the urethra (Shermadou et al.,
2022).

Histologically, the urinary bladder wall is formed of four distinct layers. From the inside to the
outside, they are: Lining epithelium, the inside of the bladder is lined by a layer of cells called
urothelial cells. The urothelium comprises an apical layer, an intermediate layer, and a basal
layer. Then, a suburothelial layer of connective tissue also known as the basement membrane
called the chorion or laminae propria which separates the urothelium and muscularis propria
(detrusor muscle). It is composed of an extracellular matrix with capillaries, elastic fibers,
immune cells, lymphatics, afferent nerve endings, myofibroblasts, fibroblasts, adipocytes, an
indistinct smooth muscle layer and the muscularis mucosae. The bladder’s third wall comprises
smooth muscle cells called detrusors covering the chorion, also known as the muscularis
propria. It consists of three layers arranged in a longitudinal, circular and spiral. These layers
are well defined around the neck of the urinary bladder and are mainly used to facilitate
micturition. Finally, a thin and loose connective tissue layer covers the outside of the bladder;
it also contains variably sized blood vessels that may be close to variable adipose, epithelium

and lymphatics tissue (Bolla et al., 2022).
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Figure 1: Human anatomy of the bladder (Alleemudder et al, 2016)

1.2 Bladder diseases

Various factors may influence bladder function, and disorders of the urinary bladder may cause
lower urinary tract symptoms, such as poor and intermittent stream, prolonged micturition, the
components of the overactive bladder syndrome, and feeling of incomplete bladder emptying...
(Barry & O’Leary, 1995). These symptoms are more common in the elderly, and women are at

higher risk of urinary tract infections than men due to their shorter urethras:

- Cystitis is a bladder inflammation caused by a bacterial infection of the urinary bladder.
Escherichia coli is the common agent which generates approximately 75-95% of
uncomplicated urinary tract infections in women (Raymund & Leslie, 2022).

- Urine retention is the inability to urinate normally or completely. The origin of retention
is different by gender and can be an obstruction of the urethra, a benign prostatic
enlargement in men, or secondary to non-obstructive causes (Brasure et al., 2014).

- Urinary incontinence is defined as any involuntary loss (or leakage) of urine. This
disease is prevalent in the elderly and affects their quality of life, but younger adults can
also be affected (Tran & Puckett, 2022).



- Overactive bladder is a chronic disease characterized by urinary urgency due to
involuntarily contracts of the detrusor and may affect both women and men (Wallace &
Drake, 2015).

- Hematuria is characterized by the presence of blood in the urine; this can be caused by
an infection or bladder cancer (Saleem & Hamawy, 2022).

- Bladder cancer is the most prevalent neoplasm of the urinary tract. It is usually
diagnosed by the presence of the blood in the urine. Chemical exposures and smoking

are the main risk factors for BC (Lenis et al., 2020).

Il. Bladder cancer

1.1 The natural history of bladder cancer

Intraepithelial neoplasia is the initial step that leads to a non-invasive lesion in the development
of bladder cancer. This non-invasive lesion may result from genotoxic carcinogens or from the
occurrence of spontaneous genetic changes that lead to genetic instability and carcinogenesis.
The proliferation of transformed cells may promote the growth of transitional cells, representing
more than 90% of bladder cancer cases. 80% of patients with this histological type have tumors
confined to the mucosa or submucosa initially, called non-muscle invasive bladder cancer
(NMIBC). This localization is probably dependent on their biochemical capabilities (Friedell
et al., 1980).

The proliferation of neoplastic cells progresses with the formation of several layers of cancer
cells forming papillary surrounding a central fibrovascular core. The generated papillary tumors
are generally of low and moderate grade. These tumors remain locally confined to the epithelial
layers and express little propensity to become progressive (<5%). The proliferation of cells
continues and produces a thickened epithelial layer that extends along the plane of the bladder
wall, maintaining the flattened contour of the urothelial lining. This "flat” Carcinoma in situ
(CIS) generally comprises higher-grade cells than those found in papillary and mucosally
confined tumors. High-grade superficial papillary tumors and high-grade muscle-invasive
cancers are often associated with this form of CIS. Most papillary tumors may penetrate the

basement membrane and infiltrate the lamina propria (Lee & Droller, 2000).

The natural history of superficial bladder tumors is difficult to predict, because it represents an

extremely heterogeneous group of tumors that include:



- Ta (Papillary in nature and limited to the mucosa) which is associated with a high rate
of recurrence (50 to 75%), but with low risk of progression
- Tis (high grade and flat and confined to the epithelium)
- T1 (Invasive into the submucosa or lamina propria)
Tis and T1 forms represent a higher likelihood of progression (30% to 50%) (Lee & Droller,
2000).

Invasive tumors are already present in approximately 15-20% of patients with newly diagnosed
Transitional cell carcinoma (TCC). The vast majority of these cancers (84—90%) are high-grade
malignant carcinomas and are frequently associated with carcinoma in situ lesions. Although
about 10% of patients with low- and moderate-grade superficial tumors and 25-45% with high-
grade superficial one’s progress to muscle-invasive disease. The tendency of invasive TCC to
be present at the initial tumor diagnosis is especially disturbing since nearly half of all patients
with the muscle-invasive disease have concomitant occult distant metastases. Many of these
patients eventually experience systematic progression. Consequently, the ultimate prognosis is

worse (Foresman & Messing, 1997).

11.2 Bladder cancer’s risk factors

A Risk factor is any characteristic, attribute or condition that may increase the chance of
developing a disease. BCcan occur in anyone, and its exact cause is not known at the time. Still,
some major risk factors related to this disease include tobacco smoking, demographic,
environmental and occupational exposure, inflammation due to parasitic infection, hereditary

and genetic susceptibility (Zhang & Zhang, 2015).

- Smoking

The most notable risk factor for developing BC is tobacco smoking, representing approximately
50-65% of cases in men and 20-30% of cases in women (Freedman, 2011). Previous
observations reported that cigarette is strongly associated with lung cancer and is the most
significant cause of cancer incidence and deaths worldwide (Thun et al., 1997). Statistically,
cigarette smokers are twice likely to develop BC compared to non-smokers; a dose-response
relationship was reported between smoking intensity, smoking duration and BC disease risk
(Zhao et al., 2022).

Tobacco contains more than 7000 chemicals, including at least 70 carcinogens, especially beta-

naphthylamine and polycyclic aromatic hydrocarbons. These substances promote inflammation



of the bladder and other organs at risk, causing DNA-adduct formation and permanent genetic
mutations. These genetic alterations may activate oncogenes and suppress tumor suppressor
genes, thus promoting carcinogenesis (Centers for Disease Control and Prevention (US) et al.,
2010).

- Environmental and Occupational Exposure

The second important preventable risk factor is occupational exposure to carcinogens,
particularly polycyclic aromatic hydrocarbons, aromatic amines and chlorinated hydrocarbons
(Zeegers, 2001). Indeed, workers in the industrial production of paint, dyes, metals, rubber or
petroleum products are the most exposed to the risk of developing BC (Burger et al., 2013).
Exposure to aromatic amines such as naphthalen-2-amine, benzidine and 4-aminobiphenyl and
polycyclic aromatic hydrocarbons, which are frequently used in some industries, may also
increase the risk of BC (Zeegers et al, 2001).

- Demographic
Around the world, BC is diagnosed four times more frequently in men than in women, with a
mortality rate three times higher in men (GLOBOCAN, 2020). This variation in incidence rates
may be related to higher cigarette consumption among men than women (Freedman, 2011; Zhao
et al., 2022). In some countries, the incidence of BC is higher among women. In Lebanon, for

example, women are more likely to smoke than men (Bray et al., 2018).

Bladder cancer affects mainly people older than 60 years, with an average age of 65-70 years.
This indicates that disease evolution and progression require decades after exposure to
carcinogenic agents. Although, low grade and non-invasive BCs can be diagnosed in young
adults and children (Linn et al., 1998).

- Infectious factor

Urogenital schistosomiasis (UGS) is a Schistosoma haematobium infection that commonly
occurs in Sub-Saharan Africa and the Middle East (Rambau et al., 2013). A link between UGS
and bladder cancer was first published in 1905 by Goebel (Goebel, 1905). before being further
clarified in 1911 by Ferguson (Ferguson, 1911). This parasite affects the mucosa and
submucosa layers of the bladder, causing a chronic granulomatous inflammation caused by
producing schistosome eggs in the bladder wall, which may lead to bladder fibrosis that
promotes the development of squamous cell carcinoma (SCC) of the bladder (Rambau et al.,
2013).



- Hereditary and Genetic Factors

Bladder cancer is an excellent disease model to investigate genetic susceptibility and gene-
environment interaction contributing to cancer etiology (Gu & Wu, 2011). It was previously
reported that hereditary non-polyposis colorectal cancer could significantly increase a person’s
chance of developing bladder cancer (Lenz & Harpster, 2003). Another study reported a direct
association between bladder cancer risk and a family history of bladder cancer (Turati et al,
2017).

In addition, genetic changes in common candidate genes or pathways that cause activation of
oncogenes and inactivation of tumor suppressor genes have been widely studied. They may
lead to the development and progression of bladder tumors (Sitong et al., 2021). Activation of
oncogenes, such as Fibroblast Growth Factor Receptor 3 (FGFR3), Retinoblastoma 1 (RB1),
Harvey Rat Sarcoma viral oncogene homolog (HRAS), Tumor Protein 53 (TP53), Telomerase
Reverse Transcriptase (TERT) and others, by point mutations, represents an excellent diagnostic
and/or prognostic biomarker of BC. Considering that, in normal cells, these genes play a key
role in the control of cell division (Kompier et al., 2010).

- Epigenetics alterations
The molecular factors change depending on the disease's stage, and DNA modification via

methylation and acetylation also plays a crucial role in the pathogenesis of BC (Porten, 2018).

These epigenetic mechanisms may be examined in various stages and grades of BC. High-grade
invasive tumors showed a higher intensity of methylation than low- and intermediate-grade
tumors (Kitchen et al, 2016). Environmental exposures may induce epigenetic variations in
DNA sequence.

Chromatin and histone modifications have been recognized as an interesting therapeutic target
in many cancer types, including bladder cancer (Porten, 2018). Indeed, inhibition of histone
deacetylase (HDAC) and DNA methyltransferase (DNMT) enzymes can restore the expression
of tumor suppressor genes. Combining epigenetic drugs with chemotherapy has moved into
clinical trials and revealed that HDAC and DNMT inhibitors, alone or in association with
chemotherapy, can have synergistic effects in inhibiting cell division and inducing tumor cell
apoptosis in bladder cancer cell lines (Shang et al., 2008; Faleiro et al., 2017).



1.3 Tumor staging

Urothelial carcinoma (UC) is among the most frequent histologic type involving the urinary
system. However, about 75% of these patients are diagnosed with NMIBC and have a 5-year
survival of over 80%. While the rest are diagnosed as MIBC with a 5-year survival of under
50%, this type of cancer spreads into the bladder's detrusor muscle (Sweeney et al., 1992; Rizzo
et al., 2021) Therapeutic decisions and prognosis are oriented according to the Tumour, Node,
Metastasis (TNM) classification system developed and maintained by the American Joint
Committee on Cancer (AJCC); this classification concerns only the urothelial carcinomas
(Table 1):

e T tells how far the main (primary) tumor has grown through the bladder wall and nearby
tissues.

e N indicates the evidence of metastases and refers to the number of nearby lymph nodes.
Lymph nodes are bean-sized collections of lymphocytes and other immune system cells,
to which cancers often spread first.

e M designates if cancer has spread (metastasized) to distant sites, such as other organs,
including the lungs or liver, or lymph nodes that are not near the bladder (Kaseb &
Aeddula, 2022).

Then a number, that indicates the gravity of cancer, is added to each category. A higher number
means that cancer is spreading further. Most bladder cancers develop in the urothelium and
grow in the different bladder layers and become more advanced.

Table 1: Tumor, Node, Metastasis (TNM) classification system for bladder cancer (Arianayagam et al., 2011)

Stage Stag_e Stage description
grouping
Ta The cancer is a non-invasive papillary carcinoma (Ta). It has grown
toward the hollow center of the bladder but has not grown into the
0a NO S
MO connective tissue or muscle of the bladder wall.
It has not spread to nearby lymph nodes (NO) or distant sites (MO).
The cancer is a flat, non-invasive carcinoma (Tis), also known as flat
Tis carcinoma in situ (CIS). The cancer is growing in the inner lining layer
. of the bladder only. It has not grown inward toward the hollow part of
Ois NO . A
the bladder, nor has it invaded the connective tissue or muscle of the
MO
bladder wall.
It has not spread to nearby lymph nodes (NO) or distant sites (MO0).
T1 The cancer has grown into the layer of connective tissue under the lining
| NO layer of the bladder, but has not reached the layer of muscle in the

MO bladder wall (T1).


https://www.cancer.org/cancer/bladder-cancer/about/what-is-bladder-cancer.html
https://www.cancer.org/cancer/bladder-cancer/about/what-is-bladder-cancer.html

T2aorT2b

I NO
MO

T3a, T3bor

T4a
NO
MO

A

T1-4a
N1
MO

T1-T4a
N2 or N3
MO

1B

T4b
Any N
MO

IVA
Any T

Any N
M1la

The cancer has not spread to nearby lymph nodes (NO) or to distant sites
(MO0).
The cancer has grown into the inner (T2a) or outer (T2b) muscle layer
of the bladder wall, but it has not passed completely through the muscle
to reach the layer of fatty tissue that surrounds the bladder.
The cancer has not spread to nearby lymph nodes (NO) or to distant sites
(MO0).
The cancer has grown through the muscle layer of the bladder and into
the layer of fatty tissue that surrounds the bladder (T3a or T3b).
It might have spread into the prostate, seminal vesicles, uterus, or vagina,
but it's not growing into the pelvic or abdominal wall (T4a).
The cancer has not spread to nearby lymph nodes (NO) or to distant sites
(MO0).
OR
The cancer has grown:
« into the layer of connective tissue under the lining of the
bladder wall (T1), OR
« into the muscle layer of the bladder wall (T2), OR
« into the layer of fatty tissue that surrounds the bladder, (T3a or
T3b) OR
o it might have spread into the prostate, seminal vesicles, uterus,
or vagina, but it's not growing into the pelvic or abdominal wall
(T4a).
And the cancer has spread to 1 nearby lymph node in the true pelvis
(N21).
It has not spread to distant sites (MO).
The cancer has:
e grown into the layer of connective tissue under the lining of the
bladder wall (T1), OR
 into the muscle layer of the bladder wall (T2), OR
e into the layer of fatty tissue that surrounds the bladder (T3a or
T3b), OR
e it might have spread into the prostate, seminal vesicles, uterus,
or vagina, but it's not growing into the pelvic or abdominal wall
(T4a).
AND the cancer has spread to 2 or more lymph nodes in the true pelvis
(N2) or to lymph nodes along the common iliac arteries (N3).
It has not spread to distant sites (MO).
The cancer has grown through the bladder wall into the pelvic or
abdominal wall (T4b).

It might or might not have spread to nearby lymph nodes (Any N).
It has not spread to distant sites (MO).
OR
The cancer might or might not have grown through the wall of the
bladder into nearby organs (Any T).
It might or might not have spread to nearby lymph nodes (Any N).
It has spread to distant lymph nodes (M1a).
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The cancer might or might not have grown through the wall of the
Any T  bladder into nearby organs (Any T).
VB Any N It might or might not have spread to nearby lymph nodes (Any N).
M1b It has spread to 1 or more distant organs, such as the bones, liver, or
lungs (M1b).

11.4  Tumor grading

The grade is described by examining the morphologic differentiation of the cancer cells
compared to normal cells. Grading is a critical parameter used to determine the management
approach and treatment plan for patients with NMIBC (Mostofi et al., 1999).

During the last 50 years, grading systems for urothelial carcinoma (UC) have changed. In 1973,
World Health Organisation (WHO) adopted the first grading system, which divides urothelial
cell carcinoma (UCC) into three grades (G1, G2 and G3) (Sobin, 1974). In 2004, the
International Society of Urological Pathology (ISUP) proposed a new version of bladder cancer
grading, convened with the world health organization (WHO), to replace the WHO 1973
grading system. This classification divides tumors named G1 into papillary urothelial neoplasia
of low malignant potential (PUNLMP) and low grade (LG) tumors; G2 tumors were classified

as LG or high grade (HG), while all G3 tumors were known as HG (Miyamoto et al., 2010).
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Figure 2: Bladder cancer WHO 1993 and 2004 Staging of urothelial tumors (Knowles & Hurst, 2015)

The 2016 WHO classification of bladder tumors is based on a combination of the WHO/ISUP
1998 classification and the WHO 2004 classification. According to this system, NMIBCs is
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classified as LG and HG, and all MIBCs are considered HG tumors (Figure 1) (Compérat et al.,
2019).

However, a recent study was performed to compare the prognostic performance and
reproducibility of the World Health Organization (WHO) 1973, 2004 classification systems and
2016 grading systems and concluded that both grading systems predict progression more than
recurrence, but the prognostic value of WHO 1993 was higher than that of WHO 2004/2016
classification systems (Figure 2) (Rhijn et al., 2021).

According to the European Association of Urology (EAU), bladder cancer is divided into two
subtypes: NMIBC and MIBC (Babjuk et al., 2022). The earliest stage cancers, namely Ta, T1
and Carcinoma in situ, are classified as NMIBC. Ta tumors are confined to the urothelium; T1
tumors invade the lamina propria without the muscularis propria and represent 5% to 20% of
NMIBC, Tis tumors recur frequently. But, Ta, T1 and CIS are believed to be a precursor of
muscle-invasive tumors. According to the invasion depth, T2, T3 and T4 tumors are classified
as MIBC. T2, T3 and T4 tumors invade the superficial muscle, perivesical fat, and surrounding

organs, respectively (Sjédahl et al., 2012).

WHO 1973 Proposal WHO 2004 / 2016
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{ { 1973 WHO
B Histologic Spectrum of Urothelial Carcinoma

Figure 3: Comparison between WHO 1973 and WHO 2004/2016 grading systems (Jones & Cheng, 2021)
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1.5 Histological classification of Bladder Cancer

A wide range of histopathological forms characterizes bladder cancer. There are different

classifications based on histological features and molecular phenotypes; It is essential for the

clinician to understand the characteristics of each type of bladder cancer and improve the

diagnosis, prognosis and the appropriate treatment for each patient (Matau & Roy, 2014).

BC can be classified into two broad categories:

Epithelium tumors: represent 95% of all bladder tumors. These cancers arise from the

epithelium and are subdivided into three subtypes urothelial carcinoma, Squamous cell
carcinoma (SCC) and Adenocarcinoma (ADC) (Kaseb & Aeddula, 2022).

Urothelial carcinoma or transitional cell carcinoma: The most common
subtype is urothelial carcinoma which accounts for over 90% of all urinary
bladder carcinomas. They start from the superficial layer of the bladder wall,
without invasion neither into the lamina propria nor into the muscularis
propria, except for some tumors due to different clinical and histological
features. In addition, there are two subtypes of UC, papillary and flat, based
on their growth pattern. CIS or flat tumors can present a higher risk of
progression, while papillary carcinoma has a low-risk of progression but a
high-risk of recurrence (Sylvester et al., 2006; Rhijn et al., 2009).
Squamous cell carcinoma is the second most common cell type, constituting around
2%-15%. Two forms have been identified depending on the causal factor: the bilharzian
form, which is the most prevalent parasitosis with the highest incidence rates of 35 to
75% in endemic countries, such as Egypt and Sudan, and is caused by infection with the
parasite Schistosoma haematobium. The origin of the other form, non-bilharzian, varies
from case to case. Usually, this type occurs at sites of chronic inflammation and
irritation or chronic infection (Matau & Roy, 2014; Lobo et al., 2020).
Adenocarcinoma is a rare type of bladder cancer, representing less than 2%. It is
composed of two types of cuboidal and columnar cells. Adenocarcinomas are
subdivided into three types of tumors:
- Primary bladder adenocarcinoma of glandular metaplastic origin, which is
divided from the bladder urothelium but has a pure histological
glandularphenotype. The origin of the Secondary adenocarcinomas is unknown

but can be a result of direct extension from another site or metastasis from distant
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organs. Most patients with secondary adenocarcinomas represent hematuria and
other symptoms such as pelvic pain and weight loss.

- Finally, metastatic adenocarcinomas of the unknown primary site are frequently
derived from the prostate, ovary and colon. There are other histological variants,
but stratification remains the most accurate factor in terms of prognosis (Bates
& Baithun, 2000).

Non-epithelial tumors are uncommon cancers of all the vesical tumors that represent less than
5% of the urinary bladder, including melanoma, paraganglioma, sarcoma, carcinosarcoma and

lymphoma that have the same origin without crossing the mucosa (Ravi et al., 2013).

11.6  Molecular Classification of Bladder cancer

Pathological assessment of bladder cancer is one of the major problems in daily clinical
practice. Therefore, efforts have been made to standardize a pathological assessment tool with
molecular biomarkers. Molecular classification of bladder tumors based on gene expression
signature and mutational status has distinct morphological and clinical characteristics. This tool

may guide cancer patients’ therapy choices and evaluate new cancer therapies (Kaushal &

Khandakar, 2021).

Concerning bladder cancers, the Cancer Genome Atlas (TCGA) project has identified more
than 302 mutations that include 32 control cell cycle regulations, 204 copy number variations
and 22 rearrangements (Cancer Genome Atlas Research Network, 2014). Several chromosomal
alterations, including those affecting Cyclin Dependent Kinase Inhibitor 2A (CDKN2A), RB1
and E2F Transcription Factor 3 (E2F3), and a large number of mutations, including those of
TP53, FGFR3 and PIK3CA and others involved in several signalling pathways, may facilitate
bladder cancer classification into molecular subtypes for more precise patient stratification to
guide treatment options (Jemal et al., 2011; Forbes et al., 2011).The molecular subtyping of
bladder cancer can be divided into 5 major subtypes with distinct biological and clinical

properties:

- Urobasal tumors A were mostly found to be low-grade papillary, NMIBC. They are
characterized by high expression of Fibroblast Growth Factor Receptor 3 (FGFR3),
Cyclin D1 (CCND1) and Tumor Protein P63 (TP63), Tumor Protein p53 (TP53) and
Keratin 5 (KRT5). Most type A urobasal tumors were found to be NMIBC with
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FGFR3 mutations, infrequent p53 mutations, and low-grade papillary, thus presenting
a good prognosis (Aine et al., 2015).

- The genomically unstable subtype is characterized by frequent TP53 mutations,
overexpression of cyclin E1 (CCNE) and Erb-B2 Receptor Tyrosine Kinase 2
(ERBB2) and low expression of cytokeratin Phosphatase and TENsin homolog
(PTEN). Genomic instability was equally distributed between MIBC and those
representing a high-grade NMIBC and is associated with a poor prognosis (Aine et
al., 2015).

- The SCC-like subtype, characterized by a high expression of basal keratins: KRT4,
KRT6A, KRT6B, KRT6C, KRT14 and KRT16, is not normally expressed in the
urothelium. This subtype expresses squamous differentiation markers and is
associated with a poor prognosis (Satyal et al., 2019).

- Urobasal B tumors had frequent mutations of TP53; they are characterized by
several similarities with urobasal A tumors, such as a high frequency of FGFRS3,
CCND1 and TP63 mutations. Urobasal B tumors are characterized by the expression
of several keratins specific to the SCC-like subtype. Urobasal B and SCC-like
subtypes have a worse prognosis. (Aine et al., 2015; Satyal et al., 2019).

- highly infiltrated by non-tumor cells subtype has a significant level of biomarkers
that characterize immune and stromal cells with different mutation and expression
patterns in FGFR3. Therefore, this group of tumors was not regarded as an intrinsic
subtype of UC, with immunohistochemical evaluation revealing that malignant cells
in tumors from this group expressed markers characteristic of the other subtypes (Aine
etal., 2015).

The previously mentioned studies based their findings on epigenetic, genetic, gene
expression, and proteomics analyses. Differences in results within the established subtypes
are due to targets, methods and study interpretation variations. All studies confirm the need
for biomarkers that can be used for treatment selection in clinical practice and decrease the
toxicities in resistant BC patients. It is also essential to consider molecular classification in
parallel with traditional histopathology in therapeutic management (EI AHANIDI et al.,
2019).
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Figure 4:Overview on current taxonomy on molecular subtypes of urothelial bladder cancer and expected response to
chemotherapy (Kamoun et al; 2020)

Ba/Sq = basal/squamous; LumNS = luminal nonspecified; LumP = luminal papillary; LumU
= luminal unstable; MIBC = muscle-invasive bladder cancer; NE = neuroendocrine; NK =
natural Killer.

11.7 Bladder Cancer diagnosis

Hematuria, or blood in the urine, is often the first detectable sign of bladder cancer. Hematuria
can be macroscopic or microscopic. Gross hematuria is a visible blood in the urine and may be
correlated with an advanced disease stage. Hematuria is not a definite symptom of bladder
cancer because it can be a sign of other urological disorders such as an infection or a renal

parenchyma disease (Saleem & Hamawy, 2022).

To confirm the diagnosis, several tests are used, including cystoscopy, urinary cytology,

imaging methods, fluorescence in situ hybridization and urine protein detection.

1. Magnetic Resonance Imaging (MRI)
It is a pre-therapeutic evaluation that provides information on the prognosis and the tumor
evolution. It allows a precise diagnosis of the structure of tissues, with a sensitivity of 83% and
a specificity of 80% than cystoscopy. The clinical utility of MRI helps in the choice of
appropriate treatment and prognosis by identifying the size and location of the tumor; However
this imaging method is unable to detect the Carcinoma in situ histological type of bladder
cancer (Matau & Roy, 2014).
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2. Endoscopy: Flexible Cystoscopy
It is a current diagnostic tool for bladder cancer and is used in men and women using a small
flexible telescope inserted into the bladder. Cystoscopy is an invasive examination that causes
complications such as urinary tract infections, pain and bleeding...(Raitanen et al., 2001). The
sensitivity and specificity of this diagnosis method range from 88 to 100% and 77.1 to 97%,
respectively, depending on the stage and grade of the tumor (Zhu et al., 2019). Moreover, this
tool has a low sensitivity for detecting CIS, and it is operator-dependent, especially the

difficulty for detection of recurrence or small tumors such as CIS (Raitanen et al., 2001).

3. Urinary Cytology

It is a non-invasive diagnostic method performed on fresh or fixed urine and aims to detect
tumor cells. Normal or tumoral urothelial cells can be naturally exfoliated in urine and then
identified by histological methods (Tétu, 2009). The overall sensitivity of urine cytology ranges
from 28 to 100%, with a median of 44% and a specificity of 91%. This method is particularly
useful for identifying high-grade and high-stage cancers but is less sensitive for low-grade
tumors (Lotan & Roehrborn, 2003). A positive cytologic does not necessarily mean the
presence of a tumor in the urinary tract. However, negative cytology does not exclude its
presence (Raitanen et al., 2002).

4. Transurethral resection of bladder tumor (TURBT)
The patient should undergo Transurethral resection of the bladder tumor (TURBT) if
cystoscopy and urine cytology are positive in order to perform an anatomopathological test to
know the exact stage/grade of the tumor and to adopt an effective therapeutic modality. NMIBC
should be managed based on risk stratification. In contrast, the management of MIBC should
be based on the extent and stage of the disease (Murez et al., 2020). This procedure is used for
diagnosis and treatment and successfully removes the entire lesion (Russell et al., 2016).

11.8 Bladder cancer treatment

Treatment options and management of patients with bladder cancer depend on several factors,
including the size, number and stage/grade of the tumor. The standard first-line treatment is an
endoscopic treatment with TURBT, which consists in the removal of a visible lesion. However,
many efforts have been undertaken to improve survival rates and patients’ quality of life.

Surgery can be combined with other types of treatments, including chemotherapy,
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immunotherapy and radiotherapy, depending on the type of cancer, the stage, the patient's

general health...

1. Treatment of superficial urothelial tumors

- Endoscopic resection of bladder tumor

Transurethral resection remains the gold standard treatment option for 75% to 85% of NMIBC
(Cassell et al., 2019). This procedure is both a diagnostic and therapeutic approach. However,
about 50 to 70% of NMIBC tumors will recur, and 10 to 20 % progress to MIBC (Sylvester et
al., 2006; Kim & Patel, 2020). The eradication of tumors with TURBT needs to be complete;
if the tumor is larger than 3 cm in diameter, multifocal and BC relapse rates are highest, then

neoadjuvant therapy is associated with surgical resection (Kim & Patel, 2020).

- Adjuvant treatment: Intravesical instillations

After TURBT, the majority of patients with NMIBC will require additional treatment with
intravesical instillations, which may be necessary to minimize the risk of recurrence, using
mitomycin C (MMC) chemotherapy or Bacillus Calmette Guérin (BCG) immunotherapy
(Rouprét et al., 2020).

Intravesical instillation of MMC is an antitumor antibiotic chemotherapeutic agent isolated
from Streptomyces caespitosus. Its mechanism of action is based on the inhibition of DNA
synthesis by DNA alkylation (Song et al., 2018). Standard treatment with MMC is 8 weekly
instillations of 40 mg in 40 ml (weekly instillation), followed or not by monthly instillations for
up to 1 year (maintenance therapy) (Rouprét et al., 2020).

Instillation with Bacillus Calmette Guérin: It is a Mycobacterium that adheres to bladder mucus
and the urothelium. BCG therapy activates the immune system to eliminate the tumor cells
(Neuzillet & Lebret, 2010). BCG therapy is initiated only after the bladder has healed from
TURBT, usually 2 to 4 weeks after resection, at the latest 6 weeks, and in the absence of any
residual tumor. The induction treatment consists of 6 intravesical instillations per week, ideally
of 2 hours each. Maintenance treatment is recommended in all cases and consists of 3
instillations at 3, 6, and 12 months after resection for intermediate-risk tumors (one-year
maintenance) and continued every 6 months until the 36" month for high-risk tumors (3-years

maintenance) (Rouprét et al., 2020).
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Figure 5: Algorithm for NMIBC management (Rouprét et al., 2020).

2. Treatment of infiltrating urothelial tumors
Surgical treatment “cystectomy”

Cystectomy is a treatment based on the removal of the bladder and is considered the standard
gold treatment for non-metastatic MIBC and for NMIBC that does not respond to non-invasive
treatments (Rouprét et al., 2020). In men, Radical cystectomy includes the removal of the
prostate and seminal vesicles. In women, this procedure involves the removal of the uterus and

ovaries, fallopian tubes and part of the vagina (Beauval et al., 2015).
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If radical cystectomy is contraindicated or declined by the patient, alternative therapies are
available such as transurethral resection, open partial cystectomy, radiotherapy, and
chemotherapy (Niedworok & Gratzke, 2015).

- Transurethral resection of bladder tumor alone

TURB may be proposed to patients who are not eligible for cystectomy or who refuse open
surgery or trimodal therapy and have a short life expectancy. This procedure is possible as a
therapeutic option only if tumor growth is limited to the superficial muscle layer and re-staging
biopsies are negative for residual (invasive) tumors. It can be offered only in the following
cases: unifocal tumor, stage pT2, a size <3 cm or in the absence of carcinoma in situ (Rouprét

et al., 2020; Hertfordshire and Bedfordshire Urological Cancer Centre et al., 2021).

- Partial cystectomy

The partial cystectomy involves the removal of the segment of the diseased bladder; it can be
proposed in case of unifocal primary lesion on a mobile portion of the bladder more than 2cm
from the cervix and trigone, absence of CIS, size <4 cm, stage T3a maximum; intradiverticular
tumor or urachal adenocarcinoma. It should be associated with lymphadenectomy in the same
manner as radical cystectomy (Rouprét et al., 2020).

- Chemotherapy

Chemotherapy is used for advanced bladder tumors, specifically when there are lymph nodes
or distant metastases. Chemotherapeutic agents for MIBC are Methotrexate, Vinblastine,
Adriamycin and Cisplatin (MVAC regimen) or Cisplatin and Gemcitabine (CG regimen),
which may give an excellent prognosis . In some patients, the combination of TURBT and
chemotherapy may extend survival (Hertfordshire and Bedfordshire Urological Cancer Centre
etal., 2021).

- Radiotherapy

Radiotherapy (RT) is performed in patients with muscle-invasive bladder cancer who cannot
tolerate bladder removal surgery because of their advanced age or in patients who refuse surgery
(Rodel, 2004). It has been reported that no difference in survival was seen between patients

with MIBC treated with RT and those who underwent cystectomy (Hayter et al., 1999).
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Concomitant chemoradiotherapy therapy with fluorouracil and mitomycin C combined with
radiotherapy is more effective than radiotherapy alone for patients with muscle-invasive
bladder cancer (James et al., 2012).

- Immunotherapy
Immune checkpoint inhibitors (ICIs) for the treatment of bladder cancer

Immune checkpoint inhibitors are monoclonal antibodies that block co-inhibitory signaling
pathways between tumor cells or Antigen-presenting cells (APC) and T cells, thereby
promoting immune-mediated elimination of tumor cells. The genetic instability of BC remains
a challenge for targeted therapies. Indeed, tumor cells have developed several mechanisms for
evading immune surveillance, which rely on the role of various molecules (checkpoints) that
inhibit the immune response, namely Cytotoxic T- lymphocyte-associated protein 4 (CTLA-4)
and Programmed Cell Death 1 (PD-1) / PD-L1 Programmed Cell Death-Ligand 1 (PD-L1)
(Kostine et al., 2019). It has been reported that high PD-L1 expression was associated with
higher stage and grade, higher recurrence, poor survival and worse outcome in bladder cancer
(Zhu et al., 2019); hence the key role of monoclonal antibodies anti-CTLA-4 and anti-PD-
A/PD-L1 in cancer therapeutics. But side effects are caused by immune checkpoint inhibitors
that can attack many normal body parts in addition to cancer cells; the more common side
effects include diarrhea, nausea, skin rash, and poor appetite. Therefore, it is essential to control
immunologic toxicity without compromising anti-tumor efficacy (Choi & Lee, 2020). The
efficacy of checkpoint inhibitors depends on PD-L1 expression; patients with high PD-L1
expression do not respond to anti-PD-L1 therapy. Thus, there is an urgent need to better

understand and enhance the body’s response to ICIs (Lu et al., 2019).

Chemotherapy (CT) is still the best strategy to treat many solid tumors, especially for patients
with advanced BC or metastatic disease. However, BC is characterized by chemoresistance,
and the toxicity caused by these regimens limits their use in the highest-risk patients (Drayton
& Catto, 2012). ICls such as: Atezolizumab, Durvalumab, and Avelumab antibodies targeting
PD-L1 remain an alternative first-line treatment for patients categorized as cisplatin-resistant
and second-line therapy for patients with metastatic urothelial carcinoma (mUC) of the bladder.
Indeed, the use of Anti-PD-L1/PD-1 and Anti-CTL4 drug combinations appears important for
metastatic tumors and is currently included in several ongoing clinical trials (Lopez-Beltran et
al., 2021).
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Figure 6: Combination therapy with immune checkpoint inhibitors (ICls) (Vafaei et al., 2022)

As defined below, Atezolizumad and Pembrolizumab were proved to be successful therapeutic
strategies for tumors with high expression of PD-L1. Erdafitinib is a Tyrosine Kinase inhibitor
(TKI) that inactivates the fibroblast growth factor receptor (FGFR) in order to inhibit the
tyrosine kinase activities and progress on platinum-Based CT (Perera et al., 2017). TKIs have
achieved great success in numerous tumor types in recent years; however, due to the excessive
use of FGFR inhibitors undergoing clinical or pre-clinical trials, resistance to FGFR-TKI has

become a concern (Yue et al., 2021).

Since its discovery over 20 years ago, the role of telomerase in the immortalization of cancer
cells via telomere extension and its use as a biomarker of tumor progression and prognosis has
been considered an interesting target for cancer therapy. Previous studies have focused on
immortalizing cancer cells through telomere maintenance mechanisms as a target for
immunotherapy (Kim et al., 1994). These efforts have led to the development of peptide
vaccines that target hnTERT and have been tested in various cancer types, showing that these
vaccines are highly specific to tumors (Vonderheide, 2002). Vaccines based on hTERT-derived
epitopes and including several drugs, such as GV1001, GX301, GRNVAC1 and VX-001, have
been described to date (Mizukoshi & Kaneko, 2019).
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GRNVAC1 and TAPCells are Dendritic Cells- based cancer vaccines that have been
investigated to develop hTERT-targeted immunotherapy. Both vaccines have demonstrated an
effective immune response, and clinical studies have proven them to be safe and well-tolerated
(Mizukoshi & Kaneko, 2019).

11.9 Bladder cancer epidemiology

In the world

Bladder cancer is the tenth most common cancer affecting men and women worldwide. In
2020, bladder cancer was diagnosed in more than 573 278 new cases worldwide for both sexes
(Sung et al., 2021). According to the latest GLOBOCAN data, bladder cancers account for
approximately 3% of diagnosed cancers s in the world. A total of 90% of diagnosed bladder
cancer occurred in individuals aged 55 years and older (Saginala et al., 2020).

The geographic representation in shows estimated incidence rates by country (Figure 3).
European and North American countries reported the highest rates of BC. These Variations in
incidence worldwide can be attributed to global changes in exposure to bladder cancer risk
factors. The incidence also varies by gender; the majority of bladder cancer patients are male
(GLOBOCAN, 2020).

The type of BC depends on the geographical location and is related to the predominant risk
factors in each country. About 90% of all bladder cancers are classified as urothelial carcinomas
(UC), and less than 5% of bladder cancers are squamous cell cancers (SCC), small-cell

carcinoma, or adenocarcinoma (ADC) (Kaseb & Aeddula, 2022).
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Figure 7: Estimated age-standardized incidence rate of bladder cancer worldwide in 2020 (GLOBOCAN, 2020).

In Africa

Among the main types of cancer in Africa, BC is the eighth most common cause of cancer death
(Figure 4). There were an estimated 33 196 new cases and 18 747 deaths from bladder cancer
in 2020 (GLOBOCAN, 2022). Smoking and parasitic infection with Schistosoma haematobium
are two major factors responsible for bladder cancer disease in Africa (Mantica et al., 2021). It
is the fifth most frequently diagnosed cancer in women and the ninth most frequently diagnosed
cancer in men (Figure 5) (GLOBOCAN, 2022).
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Figure 8: Incidence and mortality rates of the top 10 cancers in Africa (GLOBOCAN, 2022)
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Bladder cancer incidence varies according to the countries; Egypt has a high rate of
19.0/100.000 in males, followed by Malawi with an incidence rate of 9.2/100.000 in females.
Concerning mortality, Egypt has the highest recorded mortality rate 5.6/100.000 (Antoni et al.,
2017).
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Figure 9: Incidence rates per sex of the top 10 cancers in Africa (GLOBOCAN, 2022).

In Morocco

Bladder cancer is one of the most frequently diagnosed malignancies in males. According to
International Agency for Research on Cancer (IARC) report in 2020, BC is ranked the eighth
most common cancer in both sexes in Morocco, with an incidence rate of 10.2/100.000 in males
and 1.5/100.000 in females (Figure 6). However, BC is considered a serious health problem,
fatal and very high cost treatment. It is the eighth leading cause of death in Morocco. In men,
BC was ranked fourth, with an incidence of 9.7% and a mortality rate of 5%. While in women,
it was ranked ninth in the list of the ten most frequent cancers (GLOBOCAN, 2022).

Referring to the latest version of the regional register of Casablanca, which hosted 12% of the
total population of the country and conducted during the period 2008-2012, BC represents 3.1%
of global cancer diagnoses, the male subjects present 85.3% compared with female subjects
14.7% (Figure 7) (Benider et al., 2016).
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Figure 11: Distribution of bladder cancer in the Grand Casablanca region (%) in 2008-2012 (Benider et al., 2016).

According to the latest version of the regional register of Rabat, published in June 2012, BC

was the 3" most common cancer diagnosed among men 6.9% (Figure 8), and the occurrence of

BC increases steadily with age from 45 years to 65 years (Tazi et al., 2013).
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Figure 12: Distribution of cancer incidence in both sex, Rabat-Morocco 2006-2008 (Tazi et al., 2013).

Risk prediction models for bladder cancer

Non-muscle invasive bladder cancer (NMIBC) represents 70-80% of bladder
cancers; NMIBC is characterized by large biological heterogeneity and a significant
probability of disease recurrence and progression to muscle-invasive bladder cancer
(Matulewicz & Steinberg, 2020). The American Urological Association (AUA), the
American Society of Clinical Oncology (ASCO), the Amercian Society for
Radiation Oncology (ASTRO), and the Society of Urologic Oncology (SUO)
formulated an evidence-based guideline in 2020 to provide a clinical framework for

the management of NMIBC.

On the other hand, the European Association of Urology (EAU) has issued guidelines, which
were released in 2021, to provide practical recommendations for clinical management of
NMIBC, with a focus on clinical presentation and recommendations (Babjuk et al., 2022). Risk
stratification for NMIBC by these guidelines or by using cancer prediction tools
nomograms/risks calculators can help inform the probability of recurrence and progression and

guide the treatment decision, but may not be applicable to all patients (Babjuk et al., 2022).

The probability rates of recurrence and progression depend on several clinical-pathological
factors (Sylvester et al., 2021). The most significant clinical and pathological factors selected
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to predict the recurrence and progression probability rates of Ta and T1 tumors at one and five
years are: the number of tumors, tumor size, prior recurrence rate, concomitant CIS, T category
and grade, age, gender. The main prognostic factors contributing to recurrence are the number
of tumors, size of tumors and the prior recurrence rate, while the main prognostic factors

contributing to progression are stage and grade and the presence of CIS (Sylvester et al., 2006).

To be able to facilitate treatment recommendations, the EAU guidelines suggest stratifying
patients into four risk groups. This new stratification is based on their probability of progression
to MIBC, based on the analysis of patients’ Individual Participant Data (IPD) and the
calculation of their disease progression rate using (2021 EAU NMIBC scoring model) at 1, 5
and 10 years (Table 2), available at www.nmibc.net (Babjuk et al., 2022).

Table 2: Probabilities of disease progression in 1, 5 and 10 year(s) for the new EAU NMIBC risk (Babjuk et al., 2022).

Risk group Probability of Progression and 95% Confidence Interval (Cl)
1 Year | 5 Years | 10 Years
New Risk Groups with WHO 2004/2016
low 0.06%(CI: 0.01%—0.43%) | 0.93% (CI: 0.49%—1.7%) 3.7% (CI: 2.3%—5.9%)
Intermediate 1.0% (CI: 0.50%—2.0%) 4.9% (CI: 3.4%—7.0%) 8.5% (CI: 5.6%—13%)
High 3.5% (CI: 2.4%—5.2%) 9.6% (CI: 7.4%—12%) 14% (CIL: 11%—18%)
Very high 16% (CI: 10%—26%) 40% (CI: 29%—54%) 53% (CI: 36%—73%)
New Risk Groups with WHO 1973
Low 0.12% (CI: 0.02%—-0.82%) | 0.57% (CI: 0.21%—1.5%) 3.0% (CI: 1.5%—6.3%)
Intermediate 0.65% (CI: 0.36%—1.2%) 3.6% (CI: 2.7%—4.9%) 7.4% (CI: 5.5%—10%)
High 3.8% (CI: 2.6%—5.7%) 11% (CI: 8.1%—14%) 14% (CI: 10%—19%)
Very high 20% (CI: 12%—32%) 44% (CI: 30%—61%) 59% (CI: 39%—79%)

The EAU guidelines also recommend the use of the European Organisation for Research and
Treatment of Cancer (EORTC) or Club Urologico Espanol de Tratamiento Oncologico
(CUETO) scoring models to predict the risk of tumour recurrence and progression in individual

patients treated with intravesical BCG immunotherapy (Babjuk et al., 2022).

Predicting the risk stratification of recurrence and progression in patients with NMIBC can be
performed using nomograms tools/ risks calculator generated by EORTC and CUETO. Both
the EORTC and CUETO groups' nomograms and risk models recognize that there are the same
and unique factors associated with an increased risk of recurrence and/or progression in
NMIBC. These scoring models was validated to stratify patients into high-risk groups.
However, there are certain limiting factors to their use that are important to understand and

consider (Sylvester et al., 2006; Fernandez-Gomez et al., 2009).
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The EORTC bladder cancer calculator is developed to estimate the probabilities of an NMIBC
patient’s recurrence and progression; this tool IS available at:

www.eortc.be/tools/bladdercalculator (Figure 9). Risk estimates of early and later recurrence

and progression are given based mainly on the following pathological parameters: the number
of tumours (1, 2-7, 8 or more), tumour diameter (<3 cm, >3 cm), prior recurrence rate (primary,
recurrence < 1 per year, recurrence > 1 per year), category T (Ta, T1), concomitant CIS (yes/no),
and WHO 1973 tumour grade (grade 1, 2, 3) (Sylvester et al., 2006). For each patient, short and
long-term scores recurrences and progression rates could be calculated based on prognostic
factors, from 0% (best prognosis) to 17/23% (worst prognosis). Patients can then be stratified

into four risk groups according to their scores (Sylvester et al., 2006).

a EORTC Risk Tables For Stage Ta T1 Bladder Cancer - X
EORTC Risk Tables for Stage Ta T1 Bladder Cancer
Prior Reccurence Rate Number of Tumors Tumor Diameter
" Primary 1 ~ <3cm
" Recurent <=1 peryear 2107 " »=3cm
" Recurrent > 1 peryear " 8ormore
T Category Grade (WHO0 1973) Concomitant CI3
1 Ta Gl " No
T G2 " Yes
{1G3
Calculate Probabilities Clear Exit
1Year 2Years 3Vears 4Years 5Years

Probability of Recurrence
Probability of Progression

Reference: Sylvester RJ. van der Meijden APM, Oosterlinck W, Wities JA, Bouffioux C. Denis L Newling DWW,
Kurth KH. Predicting recurrence and progression in individual patients with stage Ta T1 bladder cancer using
EORTC risk tables: A combined analysis of 25368 patients from 7 EORTC trials. European Urology 49: 466-477, 2006.
Programmed by Richard Sylvester, EORTC Data Center, 83 avenue Mounier, 1200 Brussels, Belgium.

Yersion 1.0, January 2006

Figure 13: European Organization for Research and Treatment of cancer.
The risk tables allow estimation of the probability of recurrence bladder cancer based on risk factors (Sylvester et al., 2006)

Sylvester et al. (2006) provided an EORTC scoring system that allows urologists to easily
calculate NMIBC patients’ short and long-term probability of recurrence and progression after
TURBT. This model was based on the analysis of 2596 patients from seven EORTC trials

However, Sylvester et al. Mentioned that the recurrence and progression rates reported in their
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results might be overestimated compared with those found in current clinical practice,
especially in high-risk patients who received BCG therapy, which reduces the percentage of
patients who recur and progress by about 15% and 4%, respectively (Sylvester et al., 2006).

Therefore, The EORTC prediction model requires external retrospective and prospective
validation to compare the results obtained with those reported by Sylvester et al. (Table 3) to

aid the therapeutic decision process (Sylvester et al., 2006).

Table 3: Probability of recurrence and progression according to total score (Sylvester et al., 2006).

Recurrence score Prob recurrence 1 year (95% Prob recurrence 5 years
Cl) (95% CI)
0 15% (10%, 19%) 31% (24%, 37%)
1-4 24% (21%, 26%) 46% (42%, 49%)
5-9 38% (35%, 41%) 62% (58%, 65%)
10-17 61% (55%, 67%) 78% (73%, 84%)
. Prob progression 1 year Prob progression 5 years (95%
Progression score (95% Cl) cl
0 0.2% (0%, 0.7%) 0.8% (0%, 1.7%)
2-6 1.0% (.4%, 1.6%) 6% (5%, 8%)
7-13 5% (4%, 7%) 17% (14%, 20%)
14-23 17% (10%, 24%) 45% (35%, 55%)

CUETO has developed a scoring model for patients treated with BCG therapy that predicts the
risk of recurrence and progression in the short and long term. This model was based on the
analysis of 1,062 patients from four CUETO trials to compare different intravesical BCG
treatments. Using the CUETO model, recurrence and progression rates can be calculated with
a score of 0 to 16 and 0 to 14, respectively. Fernandez-Gomez et al. reported that the estimated
risk of recurrence is lower than that obtained by the EORTC tables. The lower risks in the
CUETO tables (Table 4) may be attributed to the use of BCG in their cohorts, which is an

effective endovesical treatment (Fernandez-Gomez et al., 2009).
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Table 4: Recurrence and progression probabilities at 1, 2 and 5 years by total score (Fernandez-Gomez et al., 2009)

Score % 1 Yr (95% CI) % 2 Yrs (95% CI) %5 Yrs (95% CI)
Recurrence Progression Recurrence Progression Recurrence Progression
04 8.24 1.17 126 2.16 20.98 3.76
(5.91-10.57) (0.15-2.19) (9.76-15.44) (0.77-355) | (17.33-24.63) (1.9-5.62)
12.07 22.28 35.57 (29.18— 11.69
56 (7.95-16.19) | 3(082518) | 169375763) | 497 (234-76) 41.96) (7.57-15.81)
70 25.36 5.55 39.61 11.95 47.65 21.26
(19.56-31.16) | (2.73-8.37) | (32.93-46.29) | (7.93-15.97) | (40.55-54.75) | (15.85-26.67)
100r 41.79 13.97 52.55 24.81 67.61 3357
Greater | (28.05-55.53) | (6.64-21.3) | (38.48-66.62) | (15.6-34.02) | (53.67-81.55) | (23.06-44.08)

This model calculates the probability of recurrence and progression of patients after intravesical

adjuvant BCG immunotherapy with similar maintenance, at 1, 2 and 5 years, based on the

analysis of seven prognostic factors such as gender, age, prior recurrence, number of tumors,

stage, grade, Carcinoma in situ CIS. This model is available at: https://www.aeu.es/Cueto.html
(Figure 10) (Fernandez-Gomez et al., 2009).

Prepiccion peE RECURRENCIA ¥ PROGRESTION DE TuMmoRr VEsSICAL
No MuscurLo-Invasivo TRATADO coN BacLo pE CALMETTE-GUERIN:
ErL Mobprero CUETO pE PUNTUACION English
Puntuacion
Factor z e
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Sexo @ Hombre 0 0
O Mujer 3 0
® Menor que 60 0 0
Edad (aiios) O De 60a70 1 0
O Mayor que 70 2 2
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O Si 4 2
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Figure 14: Club Urologico Espanol de Tratamiento Oncologico. The scoring system allow estimation of the probability of
recurrence and progression bladder cancer treated with BCG, based on risk factors (Fernandez-Gomez et al., 2009)
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Both the EORTC and CUETO risk tables stratified patients into four risk groups based on an
analysis of clinical trial data. Some multi-institutional validation studies have reported some
limitations in their predictive abilities (Lammers et al., 2013; Xylinas et al., 2013).

Lammers et al reported that these models underestimate the progression rate, specifically for
high-grade tumors (EORTC =21%, CUETO =24%) (Lammers et al., 2013). Xylinas et al. have
carried out an external validation of the usefulness of these models by performing a
retrospective analysis of data of 4689 patients with NMIBC. They reported that the EORTC
risk tables and the CUETO scoring model showed poor discrimination for recurrence and
progression and both models overestimated the risk of progression, particularly in high-risk
NMIBC patients (Xylinas et al., 2013).

IV. Molecular markers for bladder cancer management

Cystoscopy and urine cytology remain the mainstay of both diagnosis and surveillance of
bladder cancer. The main limitation of cystoscopy is an invasive procedure, time-consuming
and expensive. Moreover, the overall sensitivity of urine cytology is low for the detection of
low-grade tumors and recurrence (Raitanen et al., 2001; Lotan & Roehrborn, 2003). To
overcome the limitations of these two procedures, an additional, more cost-effective, sensitive
and specific non-invasive diagnostic test is needed. Urinary biomarkers have been evaluated as
alternative tests for their ability to detect urothelial carcinoma by analysing protein and nucleic
acid (Lee & Kim, 2020). Indeed, molecular urine tests can replace cystoscopy during the
follow-up of patients after TURBT (Schmitz-Dréger et al., 2016). Also, urinary biomarkers are
sufficiently accurate to help assess response to neoadjuvant chemotherapy, adjuvant

chemotherapy, or intravesical instillation (Kamat et al., 2012).

What is a biomarker?

A biomarker is an objectively measured characteristic that can be evaluated as an indicator of
normal biological; It can also be used to detect and confirm the presence of various diseases or
pharmacological responses to a therapeutic intervention. Biomarkers can be detected and
measured in target tissues (tissue biomarkers) or body fluids (soluble biomarkers). An ideal
biomarker should be: Specific to a particular disease; safe, rapid, easy to measure; able to give

accurate results (Harris et al., 2007).
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IV.1 Biomarkers approved for clinical use

Many novel urinary biomarkers tests have been identified and approved by the United States

Food and drug administration (FDA) for clinical use in conjunction with cystoscopy, as

potential diagnosis and surveillance tools (Sugeeta et al., 2021), such as:

The Nuclear Matrix Proteins NMP22 kit (Qantitative) or NMP22 BladderChek
(Qualitative), that targets the NMP22 protein, which is more prevalent in BC, is the
most investigated biomarker as an assay in both diagnosis and recurrence of BC
(Sugeeta et al., 2021). Quantitative NMP22, which is used for surveillance, has a
sensitivity of 52-59% and specificity of 87-89% and qualitative NMP22, which is used
for diagnosis, has a sensitivity of 62-75% and 70-83% in specificity (Chou et al., 2015;
Chakraborty et al., 2019).

Bladder Tumor Antigen (BTA) test for BC surveillance in conjunction with cystoscopy
only which is approved by FDA. This test detects human complement factor H and
complement factor H-related proteins involved in cancer cell growth (Sugeeta et al.,
2021). The specificity and sensitivity of the BTA Stat ( Qualitative test) are 67% and
75%, respectively (Guo et al., 2014), while those of BTA TRAK (Quantitative test) are
74% and 65%, respectively (Chou et al., 2015).

ImmunoCyt/uCyt+ assay is the only commercially available test for therapeutic follow-
up. Exfoliated BC cells are captured using the carcinoembryonic antigen and mucins
(LDQ10 and M344) (Sugeeta et al., 2021). Lokeshwar et al. found an overall specificity
ranging from 62% to 84% and a sensitivity ranging from 67% to 100% (Lokeshwar &
Soloway, 2001).

The UroVysion assay is a molecular test using a multi-target fluorescence in situ
hybridization assay to detect aneuploidy in chromosome copy numbers 3, 7, 17, and
9p21 and to identify loss of the P16 tumor-suppressor gene, which are genetic
abnormalities seen in BC (Sugeeta et al., 2021). UroVysion showed the sensitivity and
specificity of 57.1-84% and 78-92%, respectively. The sensitivity of these tests is
superior to that of urine cytology, especially for low-grade BC (Shariat et al., 2004;
Mowatt et al., 2010; Schmitz-Drdager et al., 2016).

IV.2 Promising protein biomarkers

ADXBLADDER assay is performed to detect mini-chromosome maintenance protein 5, which

is overexpressed in hematuric BC patients (Mukhtar & Perry, 2011). Dudderidge et al calculated
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an overall sensitivity and specificity of 76% and 69%, respectively, although the sensitivity

increases up to 95-97% for high-risk and muscle-invasive BC (Dudderidge et al., 2020).

Urol7 is an immunocytochemical test using Keratin 17 (K17). This test is able to capture low-
and high-grade cancers in patients with haematuria. It is the most sensitive and specific urine test
for BC, with a sensitivity and specificity of (100%) from urine samples (Babu et al., 2019).
UroSEEK, a DNA biomarker assay, is more sensitive than cytology in both surveillance (71%
vs. 25%) and diagnostics (95% vs. 43%). This new test is designed to detect genetic alterations
in TERT, FGFR3, PIK3CA, TP53, HRAS, KRAS, ERBB2, CDKN2A, MET, MLL, and VHL that
include the most common genetic alterations in BC (Springer et al., 2018; Rodriguez Pena et al.,
2020).

The Assure MDX panel assay is a non-invasive, urine-based test that may detect methylation and
mutation biomarkers. It is a DNA methylation biomarker test using next-generation PCR
sequencing for OTX1, ONECUT2 and TWIST1 genes (Kessel et al., 2017). It measures the
mutational load of the FGFR3, TERT, and HRAS genes panel with a sensitivity ranging from 93
to 97% and a specificity of 83 to 86% (Beukers et al., 2017).

Telomerase plays a protective role in cancer cell chromosomes. This biomarker has recently been
proposed as a reliable marker of bladder malignancies because it is associated with the NMIBC
recurrence (Masutomi & Hahn, 2003). The telomerase Repeat Amplification Protocol assay is a
popular method, which includes an Internal Telomerase Assay Standard for determining
telomerase activity. The combination of telomerase activity measurement and cytology produces
an increased sensitivity of 60-87% and a specificity of around 65-90% compared to urine

cytology alone (Brems-Eskildsen et al., 2010).
IVV.3 Future urinary biomarkers

In recent years, Advances in the next generation sequencing technologies have identified a variety
of somatic mutations associated with urothelial BC and have significantly changed therapeutic
guidelines for the selection of molecular target therapies. These Include the FGFR3-TACC3
fusion that acts as an oncogene in pathways such as the mitogene-activated protein Kinase
(MAPK) pathway and the phosphoinositide 3-Kinase (PI13K) pathway in solid tumors (Costa et
al., 2016), and the receptor tyrosine kinase-RAS pathway including FGFR3 and Erb-B2
Receptor Tyrosine Kinase 3 (ERBB3), and in the PI3K-RACa serine/threonine-protein kinase
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(AKT) mechanistic target of rapamycin (mTOR) pathway, including PIK3CA and AKT3 (Costa
etal., 2016).

Urine-based DNA-methylated genetic biomarkers have shown potential in BC detection and
monitoring. Detection of abnormal methylation of urinary Twist Family BHLH Transcription
Factor 1 (TWIST) and Nidogen 2 (N1D2) using methylation specifique pcr (MSP) confers a high
sensitivity (90%) and specificity (93%) for the detection of urothelial carcinoma (Renard et al.,
2010). A previous study reported that urine cytology with the addition of the TWIST1 and NID2
assay enhances the ability to detect BC, and the test is sensitive to the classification of equivocal

cytology (Fantony et al., 2017).

The Zinc Finger Protein 154 (ZNF154) and POU Class 4 Homeobox 2 (POU4F2) genes have
yielded the highest sensitivity in early diagnosis or recurrence surveillance of BC (>80%) (Koch
et al., 2018). The VIM gene is a promising diagnostic biomarker for BC, achieving a sensitivity
of 73%-82% and a specificity of 61%-100%. Its combination with Growth Differentiation
Factor 15 (GDF15) reached a sensitivity of 91% and a specificity of 100% (Larsen et al., 2019).

There are numerous limitations that must be considered when assessing urinary biomarkers to
avoid a poor quantity and quality of cell and DNA molecules, including time between sampling
and processing and specialized detection tools like sedimentation PCR methodology. The urine
samples should be stored at temperatures between -20 and —80 °C for four weeks, which is the
recommended temperature for storage of DNA material (Kessel et al., 2017).

IV.4 Genetic Biomarkers evaluated in this study

Due to the genetic instability and molecular heterogeneity of BC, the search for different
treatments and diagnosis methods is ongoing. Research has been carried out to identify the
hotspot mutations in various types of genes, including TERT, P53 and PIK3AC/AKT genes,
which have been shown to occur frequently in urothelial bladder carcinoma and can serve as
potential biomarkers for BC diagnosis and disease monitoring (Muller & Vousden, 2013;
Vinagre et al., 2013; Kachrilas et al., 2019). On the other hand, alterations in DNA methylation
were the first and most significant epigenetic abnormalities and may contribute greatly to the
pathogenesis and progression of BC. Hypermethylation of the promoter region of the HTERT,
VIM2, TWIST1 and NID2 genes have been reported in several studies and highlight their major

role as regulator in the transduction of epithelial-mesenchymal transition (EMT) signaling that
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is involved in the invasion and metastasis of BC (Satelli & Li, 2011; Sui et al., 2013; Yegin et
al., 2013; Brabletz et al., 2021).

IVV.4.1 Telomere and Telomerase

DNA (deoxyribonucleic acid) is the cell’s genetic material arranged in chromosomes, located
in the nucleus in the middle of the cells. Telomeres are DNA segments located at the ends of
the chromosomes in eukaryotic cells. These telomeres play a protective role by shielding the
natural ends of the chromosomes from inappropriate recombination events. They also play an
important role in ensuring that our DNA is copied correctly when cells divide, thus preventing
the loss of genetic information. In addition to this protective function, they also participate in
the nuclear organization and correct segregation of chromosomes during meiosis (Oganesian &
Karlseder, 2009). Human telomeres lose approximately 50 to 200 base pairs (bp) with each cell
division. This loss of telomeric DNA is due in part to the fact that DNA polymerase cannot
fully replicate the ends of chromosomes (Muraki et al., 2012). In normal somatic cells, this
incomplete replication of the DNA end leads to a progressive shortening of telomeres, which
induces cell cycle arrest by senescence and apoptosis (Harley et al., 1990).

1. Telomere structure

In human cells, telomeres are formed by a six-nucleotide repeat sequence “5'-TTAGGG-3".
The length of telomeres changes between 5 and 15 kb for the double-strand region and between
200 and 300 bases for the single-strand region, named the "3'G-overhang"”. To protect these
ends of chromosomes from being recognized by DNA repair machinery as double-strand DNA
breaks, telomeres may adopt specific unusual conformations: The telomeric "G-quadruplex"
and the "T-loop (T-loop/D-loop)" thus protecting chromosome ends from nucleolytic
degradation by nucleases and from uncontrolled recombination by DNA repair enzymes and
checkpoint signaling (Lange, 2002) (Figure 11).

G-quadruplexes are a non-canonical nucleic acid structure; a telomeric DNA repeat is looped
out, forming a "hairpin" structure in which four guanines assemble in a planar arrangement to
form a G-quadruplex by hydrogen bonds (Sundquist & Klug, 1989). These G-quadruplex
structures induce the formation and stabilization of the T-loop, thus representing a stabilized

displacement loop (D-loop) at the end of the chromosome (Yan et al., 2007).
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Figure 15: Structure of the complex "G-quadruplex" and the "T-loop (T-loop/D-loop)" The G-quadruplexes in the figure are
composed of three stacked G-quartets (Boutou et al., 2013).

2. Telomere-associated proteins
Telomeric structures comprise telomeric DNA, histone octamers and many proteins that bind
to telomeric DNA. Six proteins assemble to form the shelterin complex that contains a
protective "cap" and has a crucial role in regulating telomere length (McEachern et al., 2000).

The shelterin complex is composed of 6 proteins in human cells: TRF1 (Telomeric Repeat-
Binding Factor 1), TRF2 (Telomeric Repeat-Binding Factor 2), TIN2 (TRF1-Interacting
Nuclear Factor 2), POT1 (Protection of Telomere 1), TPP1 (TIN2 and POT1 interacting
Protein) and RAP1 (Repressor Activator Protein 1). The proteins of the shelterin complex are
abundant at the chromosome ends, and are present at telomeres throughout the cell cycle,
providing more stability to the telomere loop (Figure 12) and protecting the telomere ends
(Martinez & Blasco, 2011).

- TRF1 and TRF2 make high-affinity contact with the double-stranded part of DNA and
play a crucial role in protecting telomeres and regulating their lengthening. Indeed,
TRF1 is proposed to act as a negative regulator of telomere length by inhibiting
telomerase activity at the chromosome ends. At the same time, TRF2 plays an important
role by promoting T-loop stabilization that protects chromosome ends (Martinez &
Blasco, 2011).

- POT1 specifically binds to the single-stranded array of TTAGGG repeats by interacting
with other shelterin proteins (TPP1, TIN2, TRF1 and TRF2). Its overexpression induces
telomere elongation in cells with inhibited telomerase activity, whereas in telomerase-
positive cells, POT1 prevents telomerase access to the end of the telomere while
inhibiting its extension (Martinez & Blasco, 2011).
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- TIN2 binds between TRF1 and TRF2 on the one hand and TPP1 on the other. This
protein plays a regulatory role by promoting TRF1 interaction with DNA. TIN2
stimulates telomerase recruitment into telomeres by stabilizing the TPP1-POT1
interaction with telomerase, as it relies on TPP1-TERT interaction (Pike et al., 2019).

- TPP1 contains an N-terminal OB-fold and is a previously identified binding partner of
POT1. The TIN2-TPP1-POT1 complex is a telomerase processivity factor that regulates
telomerase access to the chromosome end (Martinez & Blasco, 2011).

- RAP1 is one of the most conserved Shelterin proteins; this protein is recruited to
telomeres via direct interaction with the TRF2 subunit and plays an important role in
protecting telomeres from chromosome fusions and degradation by inhibiting DNA
break repair mechanisms (Martinez & Blasco, 2011).

b) Conformation télomérique stabilisée
par le complexe Sheltrins.

SIS

Figure 16: Schematic representation of the Sheltrins protein complex at the telomere. a) Distribution of the 6 proteins of the
complex on the telomeric DNA. b) protein interactions between the Shelterin complex (Martinez & Blasco, 2011).

3. Telomerase complex

Telomerase, a ribonucleoprotein reverse transcriptase, stabilizes telomere length by adding
TTAGG repeats to the telomeric ends. Human telomerase is expressed only in some types of
stem cells and germ cells and is inactive in normal somatic cells. It is composed of a catalytic

reverse transcriptase subunit hTERT (human Telomerase Reverse Transcriptase) and a
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ribonucleic subunit TERC or hTR (human Telomerase RNA component) and other associated
proteins (Weinrich et al., 1997).

- TERC or hTR ribonucleic subunit

The TERC gene is mapped on the long arm (q) of chromosome 3 (3926.2.) (Soder et al., 1997).
containing a short sequence of 11 bp (5'-CUAACCCUAAC-3') complementary to the 3'-single-
stranded end of telomeres that encodes for telomeric repeat TTAGG (Zhang et al., 2011). The
synthesis of telomeric DNA TAGGG depends on the association between the two telomerase
subunits "hTR™ and "hTERT" by the intervention of a protein complex that is bound to the
catalytic subunit hTERT. Indeed, this protein complex contains the TEP1 protein subunit, an
RNA-binding protein associated with the TERC and TERT subunits, and plays an essential role
in the assembly and regulation of telomerase activity (Liu et al., 2000). Dyskerin is a nucleolar
protein that participates in the folding and processing of the maturation of TERC, which is
necessary to allow stability and proper localization of the TERT-TERC complex (Penzo et al.,
2015). p23 and Hsp90 are proteins that bind to hTERT and promote active telomerase assembly
(Boltze et al., 2003).

- Catalytic subunit h\TERT
hTERT gene

In humans, the hTERT gene, which encodes the catalytic subunit of telomerase, is situated on
the short arm of chromosome 5 (5p15.33) and is subdivided into 16 exons and 15 introns. The
hTERT transcript encodes an active 1132 amino acids (127 kDa) protein (Wick et al., 1999).
TERT has four conserved functional domains, including the TEN domain with the GQ motif,
the TRBD domain with the CP, QFP and T motifs, and the RT domain with the 1, 2, A, B’, C,
D and E motifs, the N-terminal linker and the CTE region (Autexier & Lue, 2006). TERT is the
determinant of telomerase activity. It is highly expressed in germ cells and stem cells but not in
most normal somatic cells. hnTERT expression/telomerase is reactivated in up to 90 % of cancers
(Masutomi & Hahn, 2003).

39



hTERT (16 exons)

ATG Centromere

Telomere >
e 1] B || f e man ) ) el O sp15
~ 2Mb ~41kb
mRva NN T T T T T T T T
hTERT N-terminus Tdomain  RT domain C-terminus .
Hizer (EEEEEE T —

Figure 17: Gene organisation of the hTERT gene (Cong et al., 2002)

4. Genetic regulation of NTERT
The transcriptional control of the hTERT gene represents the major mechanism to regulate
telomerase activity in human cells. Several transcription factors may be involved in hTERT
expression; the majority is the binding of activating: c-myc, Spl, STAT, Ets or ER and NFxB
receptors (Pestana et al., 2017) or repressing (WT1, p53 and CTCF) transcription factors in the
promotor region (Yao et al., 2012).

hTERT gene expression is regulated by Myelocytomatosis viral oncogene (c-Myc) protein. The
formation of the Myc/Max complex favors its binding to the E-box sequence (CACGTG),
which is an indispensable element for the binding of upstream stimulating factors (USF1/2),
leading to TERT transcription (Pestana et al., 2017).

Estrogens can also activate telomerase via direct and indirect effects on the hTERT promoter.
Indeed, c-myc is indirectly stimulated by estrogen, which is largely modulated by the Estrogen
receptors (ER) subtypes, promoting activation of the PI3 Kinase / AKT pathway and
consequently leading to increased c-myc expression. The activating role of NF-«xB on the hTERT
gene is mediated by binding to the TERT promoter, which contains an NF-«B binding site, it is
not yet clear, but it is able to enhance c-Myc expression driving TERT transcription. The STAT5
is activated by phosphorylation via stimulation of interleukin 2 (IL-2), that can form the high-
affinity to IL2 receptor and then leads to a phosphorylation cascade, which allows TERT

transcription (Pestana et al., 2017).

Concerning inhibitors of hTERT transcription, Madl (MAX dimerization protein 1) was the

first protein identified as a transcriptional repressor during a screening for hnTERT regulators.
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Mad1 forms a complex with the Max protein, which replaced c-myc/Max at the E-box of the
promoter. C-Myc and Mad1 are involved differently in the regulation of TERT transcription
because they bind to the same promotor sites (E-box) (Yao et al., 2012). Other proteins such as
p53, p63, p73, E2F-1, WT-1 (Wilms’ Tumor 1), CTCF (CCCTC binding factor), SIP1 (SMN-
Interacting Protein 1), MZF2 (Myeloid specific Zinc Finger protein 2) and MEN1 (Multiple
Endocrine Neoplasia type 1) have also been shown to play a role in TERT transcriptional

repression (Yao et al., 2012).

The different transcription factors and gene activators, and inhibitors at the hTERT promoter

are shown in Figure 13.
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Figure 18: Transcription factors that regulate the expression of hTERT (Jie et al., 2019).
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5. TERT reactivation mechanisms

Telomere maintenance mechanisms in cancer cells are numerous and diverse. TERT is regulated
through various transcriptional, post-transcriptional and epigenetic regulations, but the exact

mechanism that reactivates telomerase during carcinogenesis is unclear.

- Genetic induction

TERT somatic mutations are the most common non-coding mutations in many cancer cells in
two key positions (C-228T and C-250T). In contrast, both mutations in TERT promoter generate
a new ETS1 binding site and several native ETS/GABP consensus motifs. They are associated
with increased TERT mRNA, causing transcriptional hyperactivation of telomerase (Akincilar
et al., 2016). These TERT mutations are very common in glioblastoma and BC, being detected
in up to 80% and 63%, respectively. (Griewank et al., 2013). In ovarian cancer (15%) and head
and neck cancers (16%) (Vinagre et al., 2013). Therefore, point mutations in the TERT promoter
could unravel a novel mechanism for TERT reactivation in cancer cells. Recurrent mutations
have been identified in Chr.5:1,295,228(C>T) or (CC>TT), Chr.5:1,295,250 C>T,
Chr.5:1,295,242 1,295,243CC>TT in 19 % of cancers (Vinagre et al., 2013).

- Epigenetic induction

DNA methylation, histone methylation, and histone acetylation are basic epigenetic

mechanisms involved in the expression of hTERT (Moore et al., 2013; Sui et al., 2013).

Histone modifications: Acetylation leads to an upregulation of hTERT transcription
accumulation and telomerase activity by allowing access to the transcriptional machinery via a
local chromatin decondensation. On the other hand, histone methylation and hypermethylation
may result in up- or down-regulation of hnTERT gene transcription, depending on the methylated

residues and the degree of methylation (Sui et al., 2013).

DNA methylation: Is one of several epigenetic mechanisms that participate in gene expression
by recruiting proteins involved in gene regulation, chromatin formation and maintenance, and
other fundamental processes. Concurrently, this chemical modification occurs via a specific
enzyme: DNA methyltransferases (DNMT), which catalyzes the transfer of a methyl-CH3
group from an S-adenyl methionine (SAM) to the C5 position of cytosine residue to form 5-
methylcytosine by the formation of S-adenosylhomocysteine (SAH) (Figure 14) (Moore et al.,
2013).
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Figure 19: Mechanisms of TERT transcription regulation (Dratwa et al., 2020)

Modulation of the methylation profile of certain genes can cause their inhibition (Tumor
suppressor genes) or their activation (proto-oncogenes). DNA methylation frequently occurs in
the promoter regions of genes with a high concentration of Cytosine - Guanine dinucleotides
constituting CpG islands. Usually, these CpG islands are demethylated and can activate the
gene transcription. However, during tumorigenesis, hypermethylation of gene promoters occurs

and might prevent the induction of transcription (Herman & Baylin, 2003).

Methylation of the CpG island in hTERT promoter region plays a crucial role in gene expression
regulation. Some studies have demonstrated that DNA methylation on the hTERT promoter
represses the expression of the TERT gene (Deaton & Bird, 2011).
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Figure 20: Mechanisms of hTERT regulation in cancer (Ledo et al., 2018).

Hypermethylation of CpG sites prevents the binding of transcriptional repressors (WT1, CTCF)
specifically to the THOR region. This induces activation of telomerase in malignant cells after
binding some appropriate activating transcriptional factors such as Sp1 or estrogen and C-Myc
(Figure 15) (Ledo et al., 2018).

DNA methylation can control the binding of transcription factors (c-Myc) and hTERT repressor
(WT1 and CTCF) to the hTERT promoter, in which methylated CpGs prevent their binding to
target sites, leading to hTERT activation (THOR region) (Ledo et al., 2018).

IV.4.2 Tumor Suppressor p53

The Tp53 gene was discovered by Michel Kress in 1979, who identified the middle T of the
SV40 virus with a molecular weight of approximately 53kDa, and was first classified as an
oncogene (Kress et al., 1979). One year later, Michel Kress reported that the SV40 virus does
not code the protein; he also found that this protein accumulates in the nucleus of tumour cells
and binds the SV40 T antigen (Kress et al., 1979).

Since Tp53 was initially considered as an oncogene, the year 1989 was a turning point in the
history of Tp53. The demonstration of its inactivation in several types of human cancers and its
capacity to control the cell cycle and induce apoptosis after DNA damage changed the status of

Tp53 to a tumour suppressor gene (Finlay et al., 1989; Baker et al., 1989).
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1. Tp53 gene

The human Tp53 gene encoding for the P53 protein is located more precisely in the distal band
of the short arm of the chromosome 17 (17p13) (McBride et al., 1986). It is composed of 11
exons, the first and second exons being separated by a very large 10 kb intron. In humans, the
first exon is non-coding and exons 2-11 are coding exons (McBride et al., 1986). Two promoters
have been identified in the p53 gene, the first one, p53P1, is located 100 to 250 bp upstream of
exon 1 and regulates transcription of FSp53 (transcript contains 11 exons) and p53I2 variants.
The second one, p53p2, is located within the first intron. This p53p2 is a stronger promoter than
p53pl and maps within the 10.739-bp of the first intron (Figure 16) (Reisman et al., 1988).
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Figure 21 : Structure of the human p53 gene (Dridi et al., 2006).

2. P53 protein

The human P53 is a phosphoprotein consisting of 393 amino acids, which plays an essential
role in several signaling pathways controlling various functions to maintain genomic integrity.
It is an homotetramer transcription factor comprising 4 x 393 amino acid residues surrounded
by a distinct amino group (NH2) and a carboxyl group (COOH). The P53 protein is composed
of 5 different functional domains (Figure 17), including:

- The N-terminal domain: Contains its transactivation domain and allows the ability of
p53 to bind to other target molecules in response to genotoxic stress by enhancing p53
activity, which is tightly linked to its tumor suppressive function. The N-terminus (1-67
residues) can be further subdivided into two linked Tandem Activation Domains (TAD):
TAD 1 (residues 1-40) and TAD Il (residues 41-67) (Joerger & Fersht, 2008). TAD | is

a common transactivation domain that recruits general transcriptional coactivators;
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TAD Il appears to modulate the transactivation of specific target genes subsets mediated
by TAD I (Raj & Attardi, 2017).

The proline-rich region (residues 67-98) appears to have an important structural role
and is conserved in the majority of P53. This region favors a polyproline Il helix
structure and serves as a rigid linker to release the TAD domain away from the DNA-
binding domain to facilitate the binding of coactivators for transcriptional activation
(Joerger & Fersht, 2010). The selective stabilization of p53 is impacted by mouse double
minute 2 (MDM2), that inhibits the transcriptional activity of p53 and promotes its
degradation (Batinac et al., 2003).

The central core domain or DNA-binding domain (DBD) (residues 98-303): according
to crystallographic studies, the DNA-binding domain contains an essential Zinc 2+ to
form the Loop-sheet-helix motif that influences p53 DNA recognition and stability of
DBD. Mutations mapped in this domain are thought to cause a conformational change
in this domain, suppressing the role of p53 as a transcriptional activator (Okorokov &
Orlova, 2009). Other studies have shown that the majority of mutations that occur in
this region are often associated with an oncogenic function of p53 (Hafner et al., 2019).
The oligomerization domain (residues 326-356) triggers a tetramerization mechanism
essential for the activation of the p53 pathway (Kamaraj & Bogaerts, 2015). P53
tetramerization is crucial for its function to lead transcriptional activity and to upregulate
arrest and apoptosis genes (Joerger & Fersht, 2010).

The C-terminal domain: This end (residues 363-393) which is a flexible region, may act
as a negative regulatory domain (Kamaraj & Bogaerts, 2015) and may also be involved
in several other post-translational mechanisms, including acetylation, methylation,
ubiquitination, phosphorylation. These modifications may modulate p53 function and

control its apoptotic activity (Joerger & Fersht, 2010).
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Figure 22: The different functional domains of the p53 protein (Hafner et al., 2019)

3. P53 function

P53 is commonly referred to as “the guardian of the genome” because of its crucial role in
genomic stability. In normal cells, MDM2 participates in the regulation of p53 by promoting
its ubiquitination by acting as an E3 ubiquitin ligase that induces its degradation. However,
following cellular stress, including DNA damage, replicative stress induced by an oncogenic
activation, phosphorylation can lead to the activation of p53 as a transcription factor.
Consequently, MDM2 is inactivated. Indeed, p53 is able to halt cell proliferation in response to
aberrant oncogene expression, suggesting the involvement of this tumor suppressor in
inhibiting the accumulation of mutations in cancer-related genes (Kastenhuber & Lowe, 2017).
Through this regulation, p53 has a variety of fundamental physiological roles, such as cell cycle

arrest, DNA repair, cellular senescence and cellular metabolism.

4. P53 mutations and cancer

In more than 50% of human malignancies, somatic changes involving the p53 gene give rise to
a stable mutant protein whose accumulation is considered a “hallmark of cancer cells”. In fact,
the majority of p53 mutations in human cancer are missense mutations (up to 75% mutations)
and are grouped in the DNA-binding-domain (4-9 exons) of p53 genes (Liu et al., 2014).
Consequently, these missense p53 mutations are able to modify their ordinary role as a
transcriptional factor. Previous studies have showed that mutant p53 has oncogenic functions
in the absence of wild-type p53 in tissue culture systems. More specifically, mutant p53 can

form aberrant protein complexes with several interacting partners, which normally associate
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with its wild type. This association provides their oncogenic functions, including the ability to
promote invasion, angiogenesis, migration, stem cell expansion, survival, scattering,

proliferation and tissue remodelling (Muller & VVousden, 2013).

There are three main categories of molecular mechanisms to explain the effects of mutant p53
in tumor biology. These mechanisms reflect the alterations in DNA-binding capacity or changes
in the binding abilities of mutant p53 with other proteins, including other transcription factors

or proteins not directly related to the regulation of gene expression (Muller & Vousden, 2013).

The great majority of these missense mutations are clustered within the central most conserved
DNA binding region of p53; mutation can occur at almost any amino acid in this domain. The
International Agency for Research on Cancer (IARC) is a popular source that contains
occurrence and phenotype data of TP53 germline and somatic variations in the DNA-binding
domain of the protein. A list of the most 50 common missense mutations ranked by frequency
in multiple human cancer derived in the IARC database shows that there are preferential
mutations hotspots found in different cancer cells, indicating that the nature and sites of these
mutation offer several clues as to how p53 function is affected (Bouaoun et al., 2016). Indeed,
a number of hotspots (including R175, G245, R248, R249, R273 and R282) have been reported.
Mutants altered the DNA-binding surface can be defined as contact mutations (R273H, R248Q
and R248W). These mutations cause conformational instability of the protein are characterized
as a structural mutation (R175H, G245S, R249S and R282H) (Joerger & Fersht, 2010).

Altered p53 status represents one of the most common genetic events in bladder cancer,
occurring in ~50% of transitional cell carcinomas. Previous studies have shown that alterations
in p53 were higher in deep invasive tumors (stage T2 and high grade) than in NMIBC (low
grade and stage Ta-T1) (Sidransky et al., 1991; Fujimoto et al., 1992). The disrupted pathways
in association with TP53 mutation status could serve as driver mutations in BC, which
accelerate metastatic tumor cell proliferation, promote invasion ability and influences cancer
prognosis and therapeutic strategy (Lang et al., 2004; The Oxford-Illumina WGS500
Consortium et al., 2014).
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5. Tp53 signaling pathway

In response to a wide variety of cellular stresses, such as DNA damage, hypoxia, or the presence
of activated oncogenes, Tp53 is reported to directly regulate a set of target genes involved in
cell death, apoptosis, senescence, or growth arrest (Jan & Chaudhry, 2019).

- Apoptosis

The mechanism of apoptosis occurs through two core pathways, the intrinsic and extrinsic
pathway. The intrinsic pathway (also known as the mitochondrial pathway) is regulated by
BCL-2 proteins. TP53 stabilizes and can activate transcription of pro-apoptotic proteins of the
Bcl-2 family and transcriptional repression of anti-apoptotic Bcl2 proteins that can inhibit this
pathway. P53 can directly target both PUMA, PMAIP1 and Bax that successively stimulate the
release of cyt C via MOMP, which uniquely encodes pro-apoptotic BH3 proteins. The
expression of these genes is directly upregulated by p53 and may trigger rapid apoptosis in
tumor cell lines (Chi, 2014). P53 is also involved in the extrinsic apoptotic pathway by inducing
the transcription of genes encoding three transmembrane proteins: FAS, DR4, and DR5.
Regulation of these death receptors is mediated by p53, which may increase their sensitivity to
their cognate ligands, such as FASL and TNF (Chi, 2014).

- Cell cycle arrest
This mechanism is mainly mediated by the p21/WAFL1 transcriptional activation complex.
When p53 is activated by phosphorylation, it binds to two sites of size 2.4Kb and 1.4Kb,
respectively, located upstream of the p21 promoter. Then, p21 binds to cyclin E/Cdk2 and
cyclin D/Cdk4, causing inhibition of pRb, which promotes E2F/RB binding and prevents the
G1/S transition (Kim et al., 2014).

In the G2/M phase, p21 can also contribute to block transcription of cyclin B/Cdc2, thus
preventing activation of the cyclin B/Cdk1 complex necessary for the G1/M transition (Dash &
El-Deiry, 2005). the ATM/CHK2/cdc25 or ATR/CHK1/cdc25 pathways are activated by p53
and can also inhibit this complex and thus cause cell cycle arrest (Thanasoula et al., 2012).
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Figure 23: Autophagy, apoptosis, and cell cycle arrest mediated by the activity of nuclear p53 protein (Mrakovcic et al.,
2018).

6. p53in the DNA-Damage-Repair Process
Various DNA repair mechanisms are usually able to keep up with endogenous and exogenous

genotoxic assaults to preserve the genetic material of cells. As a central tumor suppressor, p53

involves in a variety of repair machinery, according to each type of repair:

- Cell cycle checkpoint activation

DNA double-strand breaks by ionizing irradiation activate DNA-damage checkpoints that can
induce both cell cycle arrest and apoptosis, through stabilization and activation of the p53 gene
that induces the transactivation of the growth inhibitory p21. P21 binds and inhibits different
CDK/ cyclin complexes, depending on different cell cycle transitions (el-Deiry et al., 1993)

- Transcriptional program activation by mismatch repair (MMR)

This mechanism is activated for nucleotides that have been erroneously inserted during
replication. The relationship between p53 and MMR is centered on the MSH2 protein, a core

component of MMR that is involved in other repair systems. P53 is involved in these DNA
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repair pathways to modulate the sensitivity of cells to genotoxic agents. However, MSH2 in
complex with MSH6 can enhance the binding between p53 with DNA substrates, depending on
the phosphorylation status of P53. Thus, it is able to promote cell arrest and apoptosis (Zink et
al., 2002).

- Transcriptional program activation by base excision repair (BER)

BER is a multi-enzymatic pathway with apurinic/apyrimidinic AP sites, and it is initiated by a
DNA glycosylase that recognizes and removes the damaged bases. Several studies have
demonstrated the relationship between p53 and AP endonuclease. The tumor suppressor
promotes the BER pathway via its direct interaction with APE1/Refl, that modulates the
conformation of p53 and increases DNA binding. This pathway occurs during the GO/G1
transition of the cell cycle and inhibits the mutagenic effect caused by genotoxic agents (Offer
etal., 1999).

- Transcriptional program activation by nucleotide excision repair (NER)

The NER system is involved to correct the most abundant DNA damage by the removal of an
entire oligonucleotide of about 30 base pairs using a multiprotein complex, such as PCNA,
DNA polymerase ¢ and 6, XPE, GADD45. These molecules are regulated by p53, which
GADD45 provides a binding role to UV damaged chromatin and may affect lesion accessibility.
This protein interacts with PCNA and also p21 to participate in DNA repair (Marteijn et al.,
2014).

- Homologous recombination (HR)

HR begins by the activation of the Mrel1/Rad50/Nbsl protein complex, coordinates DNA
repair, and promotes signaling events at double-strand breaks. Although p53 may play a crucial
role in the fidelity of homologous recombination by specific mismatch recognition in
heteroduplex intermediates. P53 can inhibit this recombination through interactions with
Rad51. Inhibition of p53 activity promotes spontaneous and radiation-induced homologous

recombination between direct and inverted repeats (Menon & Povirk, 2014).

- Non- Homologous End Joining (NHEJ)

The NHEJ pathway is a predominant repair system for the repair of DNA and can be activated
in all phases of the cell cycle. However, this system can lead to errors due to the joining of

incorrect ends. The exact regulatory role of p53 in NHEJ has not been fully understood, but it
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has been shown to regulate NHEJ (Menon & Povirk, 2014). A previous study showed that
inhibiting NHEJ by repression of XRCC4 and Ligase 1V factors, DNA DSBs are not repaired,
inducing apoptosis in a p53-dependent manner. The interactions between p53 and the different
molecules that constitute this repair system influence the cell cycle (Gao et al., 1998). Genetic
interactions between p53 and the other molecules that constitute this repair system and p53
downstream effects cell cycle progression and proliferation by inhibiting exonucleolytic
proofreading or by inhibiting NHEJ (Menon & Povirk, 2014).

IV.4.3 PIK3CA/AKT1 pathway
1. PI3K protein

Phosphatidylinositol 3-kinase (PI3K) is a heterodimer composed of two subunits: a regulatory
subunit (p85, PIK3R1) with an SH2 domains for recognition of phosphotyrosines of receptor
tyrosine kinase and a catalytic subunit (p110, PIK3CA) with lipid kinase activity (Shull et al.,
2012).

The 85 kD regulatory subunit of PI3K is encoded by the phosphoinositide-3-kinase regulatory
subunit (PIK3R1) gene. The human PIK3R1 gene is found on chromosome 5, encompasses
86102 bp of DNA and contains 16 exons beginning with a noncoding exon 1. The catalytic
subunit of PI3K is encoded by the PIK3CA gene. The human PIK3CA gene is located on
chromosome 3¢26.3; it is approximately 34 kb in length and consists of 20 exons encoding for
1068 amino acids and yielding a protein of 124 KDa. PIK3CA mutations are clustered across
exons 9 and 20 (Figure 18), which encode for the helical domain of p110alpha and the kinase

domain, respectively (Jiang & Liu, 2009).
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Figure 24: Structure of PIK3CA gene (Harlé et al., 2013).
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2. AKT1 gene
AKT serine/threonine Kinase 1 (AKT1) gene is found on chromosome 14, band g32, contains
14 exons encoding for 480 amino acid protein, and covers a genomic region of approximately
26.4 Kb; the open reading frame of the coding region is 1443 bp (Staal et al., 1988).

Protein Kinase B (PKB) is a member of a family of protein kinases that comprises three
mammalian isoforms of PKB, PKBa (AKT1), PKBB (AKT2), and PKBy (AKT3). The AKT1
gene encodes the kinase B alpha (PKBa) protein of 480 amino acids and 55686 Daltons.
PKBa possesses an amino-terminal pleckstrin homology (PH) domain that binds strongly to 3-
phosphoinositides, a short a-helical linker (hinge region), a central catalytic domain (a kinase
domain KD), and a C-terminal regulatory motif (Zhou et al., 2006).

3. PIK3CA/AKT signaling pathways

Protein kinase B (PKB, or Akt) plays a key role in a wide variety of cellular processes, including
cell metabolism, growth, proliferation, survival, and inhibition of apoptosis. Its activation is
modulated by a multi-step process implicating the phosphoinositide-3-kinase (PI3K)
(Hemmings & Restuccia, 2012). The PIK3/AKT signaling pathway consists of numerous
activators, inhibitors, effectors and second messengers. This pathway begins with the activation
of phosphatidylinositol 3 kinase via its binding to insulin receptor substrate proteins. This
activation of PIK3 leads to the formation of phosphatidylinositol (3,4)-bisphosphate (PIP2),
which is a regulatory component of the membrane, PIP2 lipids are converted into
phosphatidylinositol (3,4,5)-trisphosphate (PIP3). PKB/AKT binds to PIP3, leading to the
activation of PKB/AKt. In normal cells, PKB/AKT is a proto-oncogene regulated or inhibited

by the caspase cascade that leads to apoptosis (Hemmings & Restuccia, 2012).
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Figure 25: The PI3K/AKT/mTOR signaling pathway (Wu et al., 2020)

The PIK3/AKT pathway can be aberrantly activated via various mechanisms and is commonly
observed in many human cancers, including bladder, lung, and prostate cancers.
Hyperactivation of this pathway is closely related to tumor progression and resistance to cancer
therapies (Morgan et al., 2009; Sarris et al., 2012; Kachrilas et al., 2019). In malignant cells,
alterations of PIK3, PKB/AKT, or mTOR can induce their hyperactivation. Therefore, a multi-
step protein cascade activates protein synthesis or translation. The cascade begins with the
activation of the RHEB protein, which activates mTOR, the latter interacts and activates S6K1,
which in turn phosphorylates the ribosomal protein S6 (S6/RPS6), promoting protein synthesis

and cell proliferation (Hemmings & Restuccia, 2012).

IV.5 Epigenetic biomarkers evaluated in this study
IV.5.1 TWIST1

1. Twist gene and protein structure
The human TWIST1 gene is located on the short arm of chromosome 7 (7p21.2). TWIST1
comprises two exons and one intron of 536 bp (Ghouzzi et al., 1997). The TWIST1 gene encodes

TWIST1 protein that consists of 202 amino acids, which are members of the basic helix-loop-
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helix and zinc finger protein family. The TWIST1 protein is a transcription factor that is
involved in cell growth, containing a basic helix-loop-helix (bHLH) portion and a tryptophan-
arginine dipeptide (WR motif), a highly conserved part during development, located in the
COOH terminal region (Spring et al., 2000).

| Basic | Helix-1 | Loopl Heli,\'-2|
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Figure 26: Functional domains of human Twist-1 and Twist-2 proteins (Pei et al., 2017)

This transcription factor comprises a DNA binding domain followed by a basic helix-loop-helix
(HLH) motif. A loop domain separating the helices is important for the tertiary structure of a
protein (Spring et al., 2000). The TWIST1 protein can form functional homodimer or
heterodimer complexes with E12, Handl, and Hand2, which allows it to play its role as a
transcription factor by binding to the E-box consensus region (CANNTG) of the promoter (Qin
etal., 2012).

The Twistl protein includes the bHLH conserved domains in humans that consists of two a-
helices dissociated by an inter-helical loop and an interaction domain called the “Twist box”.
The bHLH has an important role, illustrated by the fact that point mutation in this domain
reduces TWIST1 DNA-binding capability (EI Ghouzzi et al., 2001). TWIST1 also interacts
with MyoD, a bHLH transcription factor that regulates muscle differentiation. TWIST1 inhibits
MyoD and MEF2 functions through interaction with these genes, resulting in inhibition of
muscle differentiation (Hamamori et al., 1997). The WR motif, also known as the twist box, is
a highly conserved interaction domain in vertebrates; it is hypothesized that it is required for
TWISTL1 protein the folding and activity (Figure 19) (Gripp et al., 2000).
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2. Twist and cancer
The TWIST1 protein is overexpressed in numerous cancers such as breast cancer, prostate
cancer, bladder cancer, melanoma, colorectal cancer, hepatocellular carcinoma, and neck
carcinoma. At the same time, TWIST1 expression levels remain low in the normal cells
(Puisieux et al., 2006). Furthermore, TWIST1 expression level was associated with advanced
stage, high grade and poor prognosis in bladder cancer patients (Yu et al., 2010). In bladder
carcinomas, TWIST1 expression is higher than in a normal urothelial cell. TWIST1 is not very
expressed in the low grades T1G1-G2 but is much more present in high-grade superficial T1G3.
On the other hand, overexpression of this protein in advanced stages of bladder cancer may be

a potential biomarker for disease aggressiveness (Zhang et al., 2007).

3. Genetic induction
TWIST1 expression is regulated to exert multiple biological effects by an array of different

upstream and downstream regulators via multiple pathways depending on the type of cancer.

Stimulation of these pathways leads to TWIST1 transcription by interacting with a variety of
transcription factors in the nucleus. Signal transducer and activator of transcription 3 (STAT3),
for example, is involved in the regulation of TWIST1 via its binding to the second proximal
STAT-3-binding site of TWIST1 promoter and promotes its transcriptional activity (Ling &
Arlinghaus, 2005). STAT3 can also indirectly modulate TWIST1 transcription through HIF1 by
directly binding to the Hypoxia-response element HRE of the TWIST1 promoter (Cho et al.,
2013). Other intracellular mediators in the nucleus and transmembrane receptors regulate the
expression of TWISTL1 at the transcriptional level or TWIST1 stability at the protein level (Zhao
etal., 2017).

TWIST1 can also exert several biological effects through multiple downstream pathways,
acting as transcription factors to regulate the expression of a set of target genes at the gene level
in the nucleus (such as PDGFRa, YB1, MDR1, AKT2, N-cadherin, E-cadherin, ARF, p53, and
CD24) or modulate effector function and stability (e.g. Jaggedl, VEGF, mTOR, Bcl2, p53 and
Bmil) at the protein level in the cytoplasm (Zhao et al., 2017).

4. Hypermethylation and over-expression of TWIST1
Twistl promoter hypermethylation is a prevalent event, mediating epigenetic reprogramming
of Twistl in many cancers of different origins, such as breast, bladder, gastric, colon and

rectum, lung, ovary, and uterine cervix cancer. Hypermethylation of this gene plays an
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important role in epithelial-mesenchymal transition (EMT) pathways (Khan et al., 2013). Yegin
et al. (2013) reviewed that hypermethylation of TWIST1 is a good predictor of human bladder
cancer presence and was detected in 98.2% of bladder tumors (Yegin et al., 2013). Moreover,
DNA methylation of TWIST1 has been studied as a diagnosis and surveillance biomarker with
a high sensitivity ranging between 87.5 and 90% for the detection of urothelial carcinoma. Still,
its functional significance remains unknown (Renard et al., 2010; Yegin et al., 2013).
Hypermethylation of the TWIST1 gene Promoter may also suggest a role in silencing and
repression of TWIS1 expression. Meanwhile, it is noteworthy that there was no correlation
between hypermethylation of TWIST1 promoter and TWIST1 mRNA or protein expression
(Gort et al., 2008; Auwera et al., 2010).
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Figure 27: Schematic of the epithelial-mesenchymal transition and chosen epithelial and mesenchymal markers (Baj et al.,
2020).

1V.5.2 Nidogene 2

1. Nidogene 2 gene
The human nidogen gene (NID), also named entactin, encodes a member of the nidogen family
of basement membrane glycoproteins, it is a single copy gene located on chromosome 1g43.
The entire gene is more than 90 kb in length and comprises 20 exons. The promoter regions of
NID contain a dense CpG island spanning about 2kb around the first exon. All introns interrupt
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protein coding sequences. The size of individual introns varies significantly, ranging from 0.6
to 18 kb (Zimmermann et al., 1995).

2. Nidogen 2 protein

In humans, two nidogen proteins have been identified; Nidogen 1 (Nid1) (150-kDa protein) is
shorter than the 200-kDa Nidogen-2 (Nid2). Nid2 encodes an active 1375 amino acid and has
a molecular mass of 127 kDa for the mature protein. This sequence contains 49 residues, many
of them are located in the central region, 5 putative N-linked glycosylation sites (Asn at
positions 417, 658, 693, 703 and 1124), and 2 Tyr residues (at positions 310 and 317) situated
in a consensus sequence for O-sulfation. Nid2 has a modular structure with three globular
domains (G1 to G3) separated by a short flexible binding region between G1 and G2 and by a
rod-like element G2 and G3 (Figure 20) (Kohfeldt et al., 1998). Nid2 comprises several typical
extracellular protein modules, which include five epidermal growth factor-like (EG) modules,
two of which have a consensus sequence for calcium-binding, two thyroglobulin type-I (TY)
modules and five LDL receptor YWTD (LY) modules (Bork et al., 1996).
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Figure 28: Structure of human nidogen-2 protein, predicted domain (A) and modular (B) (Kohfeldt et al., 1998)

3. Hypermethylation of Nidogen 2 and cancer
The nidogen family includes NID1 and NID2, ubiquitously present in the basement membrane.
Both connect laminin and collagen 1V networks in the extracellular matrix (ECM) and serve to
maintain the integrity and stability of the basement membrane (Kohfeldt et al., 1998). Silencing
NID2 expression has been reported in several cancer types, and the aberrant promoter
hypermethylation might be a critical event detected in different malignancies, in particular

gastric (Ulazzi et al., 2007), bladder (Renard et al., 2010) and invasive cervical cancers (Yu et
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al., 2019). Detection of NID2 methylation was suggested as a biomarker for the early diagnosis
of many cancers, including non-small cell carcinoma of the lung (Esteller et al., 1999),
urothelial carcinoma (Yegin et al., 2013) and squamous cell carcinoma of oral cavity (Guerrero-
Preston et al., 2011). A further study showed that NID2-deficient mice injected with melanoma
cells into the tail vein had higher lung metastasis. They imply an important role of NID2 in
suppressing the metastatic potential of cancer cells (Mokkapati et al., 2012). The latest research
on the pathogenesis of nasopharyngeal carcinoma (NPC) and esophageal squamous cell
carcinoma (ESCC) showed that promoter methylation of NID2 was notably enhanced in NPC
and ESCC samples than in their adjacent non-tumor tissue. Consistently, down-regulation
of NID2 expression was noted in both NPC and ESCC samples and cell lines. Re-expression of
NID2 significantly inhibits liver metastasis and migration abilities of transduced NPC and
ESCC cells. Indeed, NID2 suppresses the EGFR/Akt and integrin/FAK/PLCy metastasis-
related pathways, which highlights the crucial role of NID2 in the suppression of tumor
metastasis (Chai et al., 2016).

In previous studies, hypermethylation of NID2 genes revealed potential diagnostic value in BC
with high sensitivity ranging from 90% and 95.8% and specificity from 93% to 100% and was
significantly better than cytology (48% and 96%, respectively); making it a more effective
biomarker in advanced BC (Renard et al., 2010; Yegin et al., 2013). Another study has
demonstrated that a urine-based methylation assay combining TWIST1 and NID2 genes may be

useful for screening or monitoring NMIBC (Abern et al., 2014).

IV.5.3 Vimentin
1. Vimentin gene

The human vimentin gene (VIM) is localised in the short arm of chromosome 10 at 10p13
(Ferrari et al., 1987); this gene comprises about 10kb and consists of nine exons with a total
length of 1848 nucleotides that compose the unique sequences of the Vimentin mRNA,
separated by eight introns. The first exon is preceded by a TTATAAA sequence homologous
to the consensus promoter for RNA transcription in eukaryotic genes. The last exon ends with
the sequence AATAAA, which is considered a signal for the addition of poly (A) (Quax et al.,
1983).
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2. Vimentin protein
Vimentin protein is a 57kDa classified as type Il intermediate filament protein, which is
encoded in humans by the VIM gene and has 466 animo-acids. The vimentin protein consists
of a central rod domain, with approximately 310 amino-acid residues, which comprises 116
charged animo acids (70 acidic and 46 basic amino acids) (Perreau et al., 1988). It is capped at
each end by the nonhelical amino domain (N-terminal part of this rod domain), which is
organized into sequences of seven amino acid residues, and the carboxyl domain (C-terminal
part of the rod domain), which has a hydrophobic pattern with a different periodicity, 11-
residue-long repeats, where the first, fourth and eighth residues create a hydrophobic core
(Figure 21) (Parry, 2006).
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Figure 29 : Schematic representation of vimentin gene and protein domain organization (Muller et al., 2009)

3. Vim and cancer
Vimentin is a cytoskeletal protein that is ubiquitously expressed in normal mesenchymal cells
and plays a crucial role in various cellular processes such as cell migration, adhesion and
mortality and also promotes resistance to various cell stressors (Ivaska et al., 2007). Vimentin
has been shown to be implicated in apoptotic progression; it is preferentially cleaved by
multiple caspases -3, -7 and -6, resulting in disruption of intermediate filaments and promoting
apoptosis (Byun et al., 2001). AKT1 Binding to Vim results in its direct phosphorylation,
provides its protection from caspase mediated cleavage, and delays or blocks apoptotic
progression, thus leading to cancer (Zhu et al., 2011). In solid cancers, in addition to the
TWIST1 and Nid2 genes, Vim also acts as a major regulator in the transduction of epithelial-
mesenchymal transition (EMT) signaling that promotes and stabilizes pro-EMT pathways.
Therefore, high Vim expression has been shown to be associated with more aggressive disease

and worse outcomes in patients with a solid cancers (Thiery, 2002). Indeed, Vim
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overexpression has been reported in a wide range in cancers, such as pancreatic precursor cells,
sertoli cells, neuronal precursor cells, trophoblastic giant cells, fibroblasts, endothelial cells ling
blood vessels, renal tubular cells, macrophages, neutrophils, mesangial cells, leukocytes and
renal stromal cells (Satelli & Li, 2011).

4. Methylation of vimentin and cancer
The Vim promoter region is rich in cytosine-guanine dinucleotides (CpG island). Methylation
of the CpG sites of the Vim promoter has been commonly described in invasive carcinoma cells,
while they were rarely methylated in normal cells (Jung et al., 2011). This epigenetic alteration
in VIM promoter has been considered as a powerful biomarker for the early diagnosis and
prevention of many cancers (Shirahata et al., 2009). In fact, aberrant methylation of this gene
has been reported in advanced colorectal carcinoma, in the primary tumors of colon cancer, in
gastric carcinomas (Jung et al., 2011). Also hypermethylation has been observed in BC tissues
and can be detected in urine specimens, with high sensitivity in the range 82% to 89% and
specificity ranging from 94% to 100%, making it a promising biomarker for diagnosis and

surveillance of BC recurrence (Reinert et al., 2012).

It is well known that hypermethylation of the VIM promoter is responsible for the repression
and inhibition of gene expression in cervical cancer cells. Therefore, reactivation of VIM gene
expression in cancer cells by exogenous regulations may be responsible for the activation of

cell proliferation and migration. (Jung et al., 2011).
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V.

Problem statement
Although bladder cancer was widely studied and a lot of advances in the diagnostic tools and
treatment of BC have been developing in the past decade, 573 278 new cases of BC are
diagnosed each year worldwide (Globocan, 2020). Tumor heterogeneity of MIBC leads to rapid
progression with metastatic, and NMIBC presents a high risk of recurrence and progression to
MIBC. Indeed, BC is the most costly cancer to treat over the lifetime of patients because of a
high (50-75%) recurrence rate (Lavallee et al., 2021).

Mechanisms driving bladder tumor heterogeneity can arise from genetic alterations and
epigenetic changes due to genomic instability. A dynamic process that leads to the acquisition
of therapeutic resistance, which poses major difficulties for drug development and clinical trial
design (Drayton & Catto, 2012; Lavallee et al., 2021).

Early detection of BC is pivotal for successful patient treatment and management. Diagnosis of
BC is mainly restricted to cystoscopy (invasive procedure) and urine cytology, which is
somewhat limited in effectiveness (Arianayagam et al., 2011) . The development of molecular
methods for accurate diagnosis, or that can augment routine diagnostics, would be a
considerable advance. Many commercial molecular tests were discovered as a potential
technique for diagnosing and prognosis of bladder tumors from body fluids. Due to the genomic
heterogeneity of this disease, the search for different treatments and diagnostic tools is ongoing
to develop biomarkers panel tests based on an optimal linear combination of multiple targets
(Sugeeta et al., 2021).

In this context, we proposed in this work to evaluate the utility of two scoring models in the
prediction of risk recurrence and progression and their usefulness in stratifying patients into
risk groups. We are also interested in studying genetic and epigenetic changes in some genes
involved in BC development. This would augment the delivery of patient care and better

management of Moroccan BC patients.
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VI.

The aim of this thesis

This research work was conducted as a part of a research project at the National Center for
Energy Sciences and Nuclear Techniques (CNESTEN); in order to contribute to a better
understanding, from both genetic and epigenetic alterations, of how bladder cancer arises and

progresses and to improve the quality of life of bladder cancer patients.

The first purpose of my Ph.D. thesis was to assess, in a preliminary study, the reliability of
EORTC and CUETO scoring models for predicting recurrence and progression in Moroccan

BC patients with non-muscle invasive bladder cancer.

The second aim of this thesis was to establish Moroccan population-based biobanks comprising
samples (Biopsies and urines), as well as epidemiological/clinical data collected in the urology
and anatomical pathology department at Mohammed V Military Teaching Hospital, to study
the role of individual genetic and epigenetic factors in the development and progression of

bladder cancer.

The third objective was to evaluate and appraise the sensitivity and specificity of multiple urine-
based biomarkers and to evaluate their potential role as a non-invasive test for BC diagnosis,
follow-up and treatment response monitoring to complement cystoscopy and urine cytology

methods.

The specific aims of the papers presented in this thesis were to:

- Evaluate the utility of EORTC and CUETO scoring models in estimating recurrence
and progression of Moroccan patients with NMIBC.

- Evaluate the mutational status of the TERT promoter in tumor biopsies and urine
sediments from Moroccan bladder cancer patients.

- Determine the genetic alterations namely hotspots mutations in PI3K and AKT1 genes
in bladder cancer biopsies and matched urines.

- Investigate the mutational profile of the Tp53 gene (exons 4-9) in 70 bladder cancer
tumors.

- Evaluate DNA methylation status in promoter regions of hTERT, TWIST1, VIM and
NID2 genes in bladder cancer patients.

- Explore urine sediments as a non-invasive matrix for the detection of DNA methylation

in bladder cancer.
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First part:

Utility of EORTC and CUETO scoring
models in management of Moroccan
bladder cancer patients



Introduction

NMIBCs constitute three-quarters of all primary bladder tumors diagnosed. About 75% of this
tumor type recurs, and 20% progress to MIBC during the lifetime of patients (Babjuk et al.,
2022). For risk-adapted surveillance and treatment of NMIBC patients, various risk group tools
and predictive models were developed. EORTC and CUETO scoring system was developed to
predict the short-term and long-term probabilities of BC recurrence and progression and to
stratify patients into four risk groups. The proposed models score the most significant clinical
and pathological factors in patients treated by chemotherapy and BCG therapy (Sylvester et al.,
2006; Fernandez-Gomez et al., 2009).

In Morocco, the management of patients with NMIBC is based on the practical
recommendations of the ccAFU and EAU guidelines. However, these guidelines provide a
classification of patients into risk groups without calculating probabilities of recurrence and
progression. EORTC and CUETO scoring models are not used in daily clinical practice due to
overestimating recurrence and progression rates worldwide; thus, several studies were
conducted to validate the utility of these tools (Rouprét et al., 2020; Rhijn et al., 2021).

This part of the thesis aims to assess the usefulness and validate the risk stratification schemes
of EORTC and CUETO scoring models on Moroccan patients with NMIBC, and to highlight
the opportunity to introduce these tools in clinical practice in order to improve the management

of Moroccan BC patients
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V1.1 Utility of EORTC and CUETO Scoring Models in the Estimation of Recurrence
and Progression of Non-Muscle-Invasive Bladder Cancer

Bladder cancers are subdivided into non-muscle invasive bladder cancer (NMIBC) and muscle-
invasive bladder cancer (MIBC), based on how far they have invaded the muscle layer of the
bladder. Approximately 70-80% of newly diagnosed bladder cancers are classified as NMIBC,
which correspond to stage Ta, T1 and Tis tumors according to the 2017 TNM classification.
NMIBCs are characterized by a high risk of recurrences which occur in 50 to 75% of cases,
after transurethral resection, and the progression to MIBC, which occurs in about 25- 45% of
patients.

The EORTC Genito-urinary group developed a scoring system and risk tables in order to
predict, separately, the short-term and long-term probabilities of disease recurrence and
progression based on the six most relevant clinical and pathological factors (Stage, grade,
numbers of tumours, tumour size, prior recurrence rate and CIS. The main limitation of the
EORTC approach was the low number of patients treated with BCG. To overcome this
limitation, the CUETO scoring system was developed to predict disease recurrence and
progression in BCG-treated patients. This model is based on the analysis of seven prognostic
factors (Stage, Grade, Age, Gender, prior recurrence rate, number of tumors, CIS).

The purpose of this preliminary study was to assess the utility of the EORTC risk tables and the
CUETO scoring model in predicting recurrence and progression rates in NMIBC patients and
to compare our results with those reported by Sylvester et al. (2006) and Fernandez-Gomez et
al. (2009) In addition, Kaplan-Meier and univariate analysis using the Cox regression test were
performed to validate the stratification between four groups and to evaluate the association
between prognostic factors with recurrence and progression disease.

Overall, 56 NMIBC patients were analysed, and the recurrence and progression rates were
higher than in EORTC and CUETO risk tables at one year. The observed rate of recurrence and
progression proved to be lower than it had been predicted in both tables in 5 years. Kaplan-
Meier analysis reported that only the CUETO scoring model successfully stratified our cohort
into four risk groups of recurrence (p-value = 0.005) suggesting that the CUETO model has
more power than EORTC to discriminate each recurrence risk group in the Moroccan
population.

In our view, both scoring models showed the feasibility and usefulness for predicting recurrence
and progression in our population. However, it is necessary to carry out a prospective study on
a large and multicenter cohort with a long follow-up period in order to re-establish an optimal

prognostic model for Moroccan NMIBC patients.
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Abstract

Objectives: Worldwide, Non-Muscle-Invasive Bladder Cancer (NMIBC) patients are characterized by a high rate of re-
currence and progression highlighting the need for a valuable prognostic estimation for better management of this
disease, Thus, the present preliminary study was planned to evaluate the validation of the European Organization for
Research and Treatment of Cancer (EORTC) and the Spanish Urological Club for Oncological Treatment (CUETO) risk
tables to predict recurrence and progression in Moroccan patients with NMIBC.

Methods: A total of 56 NMIBC patients that have undergone transurethral resection of bladder tumor (TURBT), be-
tween January 2017 and May 2021, were recruited. The recurrence and progression rates at 1 and 5 years were calcu-
lated for each patient using EORTC and CUETO scoring models and compared to EORTC and CUETO risk tables. Kaplan-
Meier was performed to validate stratification and difference between the four groups obtained. A univariate analysis
using the Cox regression test was realized to evaluate the association between prognostic factors with recurrence and
progression of the disease.

Results: For the 56 NMIBC patients, the median follow-up duration was 49.68 months. In this cohort, 43 patients had
recurrent tumors, and 27 showed progression to an advanced stage and/or grade. At 1-year progression and recurrence
rates were higher than the values predicted by the EORTC and CUETO risk tables, while both tables overestimate the
long-term risk probabilities of recurrence and progression. Only the CUETO model successfully stratified our patients
with statistically significant differences between the four groups of recurrence (p=0.005). Of particular interest, uni-
variate Cox analysis indicated that only prior recurrence rate had a significant effect on both recurrence-free survival
(p=0.04) and progression-free survival (p=0.037).

Conclusion: CUETO scoring model is better than EORTC for recurrence stratification in Moroccan patients with
NMIBC. Both models overestimate risk in 1-year and underestimate risk in 5-years. A prospective study should be
realized in large cohorts to establish an ideal prognosis model for Moroccan NMIBC patients.
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ladder cancer (BC) is the eleventh most common can-

cer worldwide, with more than 573 278 new cases di-
agnosed in 2020."" Approximately 75 % of bladder cancer
cases are non-muscle-invasive cancers (NMIBC), and 20%
of them progress to muscle-invasive types during patients’
lifetimes.”?
Superficial bladder tumors are a group of tumors character-
ized by histological and prognostic heterogeneity, includ-
ing papillary tumors that respect the basement membrane
(pTa), Lamina propria (pT1) containing connective tissues
between urothelium and detrusor muscle, and carcinoma
in situ (CIS), characterized by low coherence and adherence
of epithelial cells.** In this field, the main problems faced
by clinicians are the difficulty to compare the efficacy of
treatment modalities and proposing unified treatment rec-
ommendations.

An updated version of the non-invasive muscle bladder
cancer (NIMBC) guidelines was released in 2021 by The
European Association of Urology (EAU) to provide practi-
cal recommendations on clinical management and to har-
monize treatment approaches. Accordingly, patients are
stratified into four groups: low-, intermediate-, high- and
very high-risk groups, and patients' risk groups can be de-
termined using the European Organization for Research
and Treatment of Cancer (EORTC) risk tables and EAU risk
group calculator to predict the risk of tumor recurrence
and progression after Transurethral resection of Bladder
Tumeor (TURBT).®!

In 2006, the EORTC organization proposed a table model to
assess the score for Ta-T1 BC and to predict the risk of recur-
rence and progression in each patient in both the shortand
long terms. This approach is the most frequently applied
and validated model and is based on 6 clinical and patho-
logic factors: stage, grade, tumor size, number of tumors,
previous disease recurrence, and concomitant in situ car-
cinoma (CI5)." The main limitation of the EORTC approach
is still the difficulty of predicting the small number of pa-
tients treated with BCG.™ Moreover, it was reported that
EORTC taboverestimatemate both the recurrence and the
progression of BCG-treated patients.”

To overcome this limitation, the Spanish Urological Club
for Oncological Treatment (CUETO) group has created
and validated a scoring model focusing on BCG-treated
patients."” This approach was developed and validated
to predict the short- and long-term risks of recurrence
and progression in patients treated with BCG. The CUE-
TO scoring system is based on the evaluation of seven
prognostic factors: Age, gender, prior recurrence, num-
ber of tumors, tumor stage and grade, and presence of
concomitant CIS."!

The aim of the present study was to externally validate the
risk stratification schemes of EORTC and CUETO scoring
models on a cohort of Moroccan patients with NMIBC. The
two models were applied to calculate each patient their es-
timated recurrence and progression rates compared to the
real risk of patients to highlight the opportunity to intro-
duce these risks'assessment in the global management of
bladder cancer in Morocco.

Methods

Patients

A retrospective study, based on a prospective cohort,
was designed to analyze data of 73 patients treated with
transurethral resection of a bladder tumor (TUR-BT) at the
Urology Department of the Military Hospital of Instruction
Mohamed V (MHIMV) in Rabat - Morocco, between the Jan-
uary 2017 and May 2021, with up to 19 years follow-up. The
following inclusion criteria were taken into account during
the revision process: (a) Patients had to be diagnosed, for
the first time, with primary Ta/T1 urothelial bladder tumor
or in situ carcinoma, and (b) the grades and stages of tu-
mors were determined and confirmed by histo-patholog-
ical reports, (c) follow-up duration of recruited patients
was more than 12 months. Patients diagnosed with a mus-
cle-invasive type of bladder cancer (MIBC) were excluded
from this study.

The study protocol was approved by the Ethics Committee
for Biomedical Research, Faculty of Medicine and Pharma-
cy of Rabat - Morocco (Ref 82/19), and written informed
consents were obtained from all recruited patients.

Follow-up

In this retrospective study, information collected was used
to generate a subsequent database that included the clini-
co-pathological factors used in the elaboration of the EO-
RTC and CUETO models, including sex, age, tumor size (<3
cm or =3 cm), number of tumors (single or multiple), the
prior recurrence rate, T category, presence of concomitant
in situ carcinoma, grade, and intravesical therapy. Cases
with pathologically confirmed recurrence were noted in
the follow-up database at the time of the first recurrence.
Tumors were defined as progressive profiless if they prog-
ress into muscle-invasive tumors, metastatic diseases, or
from low to high grade.

Recurrence-free survival (RFS) was calculated from the first
treatment assignment to the date of the first recurrence or
the last follow-up visit. Progression-free survival (PFS) was
calculated from the first treatment assignment to the date
of the first progression detected, the date of death, or the
last follow-up visit.
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A recurrence event was defined as the time between the
first TURBT treatment and the occurrence of the recurrence
or progression. Progression event was accepted athe s ini-
tiation of progresion, or death of the patient due to disease
progression. Patients, noted without recurrence or pro-
gression were confirmed at the time of the last cystoscopy
and urinary cytology for recurrence and progression anal-
ysis. The time of recurrence and progression disease was
performed by two urologists and confirmed by another
urologist.

Statistical Analysis

The scores of progression and recurrence risks at 1 and 5
years were estimated for all 56 patients using the EORTC
(https://www.eortc beftools/bladdercalculator) and CUETO
(httpsy/www.aeu.es/Cueto.html) models.*” Accordingly, all
patients were classified into the four risk groups: low-risk,
Intermediate-risk, high-risk and very high-risk. Progression
and recurrence risks were evaluated for all patients and the
subgroup of BUG-treated patients after TURBT.

The EORTC scoring model was performed with respect to
the following criteria: the number of tumors (single, 2-7
or 28), tumor size (<3 cm or =3 cm), prior recurrence rate
(primary, =1 recurrence/year, >1 recurrence/year), T stage
(Ta or T1), concomitant €IS (yes/no), and grade (1, 2 or 3).°
The CUETO scoring model incorporated gender, age (<60,
60-70, =70 years), recurrent tumor (yes/no), number of tu-

mors (<3 or >3), T stage (Ta or T1), concomitant CIS (yes/
no), and grade (1, 2, or 3).”

Patient scores were then stratified into 4 risk groups, and
a probability of recurrence and progression risk in 1 and 5
years were estimated in order to compare them with the
real rates.

Survival analysis was conducted using Kaplan-Meier meth-
ods to evaluate progression and recurrence curves ob-
tained with EORTC and CUETO risk groups; the log-rank
test was used to compare the difference between groups.
A univariate analysis using the cox-regression model was
performed to evaluate the association between prognostic
factors with recurrence and progression of disease.

For statistical validation, IBM SP5S version 23 was used to
calculate the p values, and p<0.05 was interpreted as sta-
tistically significant.

Results

Pathological analysis of the 73 recruited bladder cancer pa-
tients showed that 17 patients had muscle-invasive blad-
der cancer (MIBC) and were consequently excluded from
the study. The retained 56 non-muscle-invasive bladder
cancer (NMIBC) cases were maostly men (54/56) with a me-
dian age of 65.96 years.

Clinico-pathological characteristics of tumors are summa-
rized in Table 1 and show that most patients had more than

Age

< 70 years 37 (66.07%)
> 70 years 19(33.93%)
Gender

Male 54 (96.42%)
Female 2(3.58%)
TStage

pla 20(35.71%)
pT1 36 (64.29%)
Mo. of Tumars

1 17 (30.35%)
25 16(28.579%)
25 23 (41.08%)
Tumor Size

<3cm 25 (44.65%)
z3cm 31(55.35%)
Intravesical Therapy

No 33 (58.92%)
BCG 23 (41.08%)

Concomitant CI5

Yes 4(07.15%)
No 52(92.85%)
Tumor Grade

Low (G1/G2) 27 (48.22%)
High (G3) 29(51.78%)
Recurrence

No 13 (23.22%)
yes 43 (76.78%)
prior recurrence rate

Recurrent < =1 per year 27 (48.22%)
Recurrent > 1 per year 12 (21.429%)
primary 17 (30.36%)
Progression

No 29(51.78%)
yes 27 (48.22%)
Survival

Allive 4B (85.71%)
Death 8(14.29%)
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5 multifocal tumors (41.08%), 55.35% of patients had tu-
mor size = 3 cm, and most cases were diagnosed with pT1
stage (64.29%). Anatomo-pathological analysis showed
that there are as many high-grade cases (51.75%) as there
are low-grade cases (48.22%,) and only 7.14% of cases ex-
hibited concomitant CIS (4/56).

In this study, the average duration of follow-up was 49.68
months, and all recruited patients had complete data with
a minimum 1-year follow-up. After an initial TUR-BT, recur-
rence was observed in 43 patients (73.21%), while progres-
sion was observed in 27 patients (48.21%).

Using the EORTC recurrence score of each patient, 1
(1.78%), 8 (14.28%), 23 (41.08%) and 24 (42.86%) patients

were classified into the low-, intermediate, high- and
very high-risk groups, respectively. Using the progression
score, corresponding values were 1 (1.8%]), 12 (21.4%), 25
(44.7%) and 18 (32.1%) patients using the progression
score. Comparison of probabilities of progression and
recurrence rates by risk group at 1 year and 5 years are
reported in Tables 2 and 3, respectively, and compared to
reference probabilities reported by Sylvester et al.” Over-
all, the probabilities of recurrence and progression at 1
year ranged from 0 % to 79.2% and from 0% to 41.7%, re-
spectively. Exception was made for the low-risk group; all
scores were overestimated compared to scores reported
in the EORTC risk tables.

At 5 years, the probability of recurrence ranged from 0%

Low risk 1 0 (0%) 15% (10-19%)
Intermediate risk 8 3(37.5%) 24% (21-26%)
High risk 3 17 {73.9%) 38% (35-41%)
Very high risk 24 19 (79.2%) 61% (55-67%)
Progression status
No. of N° of patients and rate Predicted progression rates according
patients of progression to EORTC risk tables % (95% Cl)

Low risk 1 0 (0%) 0.2% (0-0.7%)
Intermediate risk 12 5(41.7%) 1% (0.4-1.6%)
High risk 25 10 (40%) 5% (4-7%)

Very high risk 18 3(16.7%) 17% (10-24%)

Low risk 1 0 (%) 31% (24-37%)
Intermediate risk ] 1(12.5%) 46% (42-49%)
High risk 23 4(17.4%) 62% (58-65%)
Very high risk 24 6 (25%) 78% (73-84%)
Progression status
No. of N° of patients and rate Predicted progression rates according
patients of progression to EORTC risk tables % (95% CI)

Low risk 1 0 (%) 0.8% (0-1.7%)
Intermediate risk 12 2 (16.7%) 6% (5-8%)

High risk 25 3 (12.0%) 17% (14-20%)
Very high risk 18 3 (16.7%) 45% (35-55%)
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to 25% and all obtained scores were underestimated to
that reported by the EORTC table. Regarding the progres-
sion rate, the probability of progression ranged from 0 to
16.7%. This probability was underestimated for low- high-
and very high-risk groups and overestimated for interme-
diate-risk groups.

Using the CUETO recurrence score of each patient, 10
(17.85%), 11 (19.64%), 26 (46.43%) and 9 (16.08%) pa-
tients were classified into the low-, intermediate-, high-,
very high-risk groups, respectively. Using the progression
score, corresponding values were 13 (23.21%), 8 (14.29%),
14 (25.00%) and 21 (37.5%) patients. Comparison of prob-
abilities of progression and recurrence rates by risk groups
at 1 year and 5 years are reported in Tables 4 and 5, respec-

tively, and compared to reference probabilities reported by
Fernandez-Gomez et al.”! Overall, the probabilities of recur-
rence and progression at 1 year ranged from 10% to 88.9%
and from 23.1% to 50%, respectively. The CUETO risk tables
underestimated the risk of recurrence and progression in
1 year. After 5 years of the initial TRU-BT, the probability of
recurrence and progression ranged from 0% to 26.9% and
from 7.1% to 25%, respectively. The risk scoring of predict-
ing recurrence in 5 years was lower in all risk groups than
those described by Fernandez-Gomez et al.” The probabil-
ities of progression for low- and intermediate-risk groups
were higher than the reference values reported in the CUE-
TO risk tables, and conversely, they were for high- and very
high-risk groups.

Low risk 10 1(10%) 8.2% (5.9-10.5%)
Intermediate risk n 9 (81.8%) 12% (8-16%)

High risk 26 21 (80.8%) 25% (20-31%)

Very high risk 9 8 (88.9%) 42% (28-56%)

Progression status
No. of N° of patients and rate Predicted progression rates according
patients of progression to CUETO risk tables % (95% Cl)

Low risk 13 3(23.1%) 1.17% (0.15-2.19%)
Intermediate risk 8 4 (50%) 3.00% (0.82-5.18%)

High risk 14 7 (50%) 5.55% (2.73-8.37%)

Very high risk 21 7(33.3%) 13.97 (6.64-21.30%)

Low risk 10 0 (0%) 21.0 % (17.33-24.63%)
Intermediate risk n 2(18.2%) 35.6% (29.18-41.96%)
High risk 26 7 (26.9%) 47.6% (40.55-54.75%)
Very high risk 9 2(22.22%) 67.61% (53.67-81.55%)
Progression status
No. of expected N° of patients and rate Predicted progression rates according
patients of progression to CUETO risk tables % (95% CI)

Low risk 13 3(23.1%) 3.76% (1.90-5.62%)

Intermediate risk 8 2(25%) 11.69% (7.57-15.81%)
High risk 14 1(7.1%) 21.26% (15.85-26.67%)
Very high risk 21 2(9.52%) 33.57% (23.06-44.08%)
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Univariate Cox analysis indicated that only Prior recurrence
rate had a significant effect on both recurrence-free sur-
vival (p=0.04) and progression-free survival (p=0.037); the
other parameters, including gender, age, BCG treatment,
grade, stage, tumor size, number of tumors and the pres-
ence of concomitant CIS, had no significant effect in this
cohort (p>0.05) (Table 6).

In this study, the difference between risk groups of recur-
rence and progression according to EORTC and CUETO
models was calculated using the Kaplan-Meier method
and was evaluated by the log-rank test (Fig. 1). EORTC scor-
ing model showed no significant difference between the
recurrence (p=0.40) and progression (p=0.64) scores, re-
spectively. Of particular interest, the CUETO risk stratifica-
tion showed a worse discriminating ability for recurrence
scores between risk groups (p=0.005). However, for the
progression analysis, there was no significant difference
between groups (p=0.43).
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Figure 1. Kaplan-Meier survival curves of risk of recurrence, using
EORTC recurrence score (a) and CUETO recurrence score (b), and of
progression using EORTC progression score (¢) and CUETO progres-
sion score (d).

Gender

Female 1.00

Male 1.457 (0.197 - 10.762)
Age

270 1.00

<70 1.006 (0.975-1.037)
BCG

Not treated 1.00

Treated 1.535(0.746 - 3.160)
Stages

pTa 1.00

pT1 1.113 (0.555-2.231)
Grades

LG 1.00

HG 0.809 (0.409 - 1.599)
Tumor size

<3cm 1.00

z3cm 1.835(0.903 - 3.731)
N° of tumors

1 1.00

2-5 0.631(0.276 - 1.446)

25 0.743 (0327 - 1.684)
Concomitant CIS

No 1.00

Yes 0.948 (0.270 - 3.333)
Prior recurrence rate

Primary 1.00

Recurrent < 1 per year 0.035 (0.004 - 0.269)

Recurrent > 1 per year 0578 (0.282 - 1.183)

0712 1.00 0.624
21.247 (0.000 - 4307808.777)
0724 1.00 0.087
1.042 (0.994 - 1.092)
0244 1.00 0.860
0.921 (0367 - 2.308)
0763 1.00 0587
1.309 (0.496 - 3.457)
0542 1.00 0.231
1.770 (0.695 - 4.503)
0.093 1.00 0572
0.771 (0313 - 1.900)
1.00 0618
0521 1.148 (0.668 - 1.973)
0934 1.00 0623
0.600 (0.078 - 4.602)
1.00 0.037
0.004

2034 (1.044 - 3.964)



Discussion

In Morocco, growing interest is given to bladder cancer as
there's an increasing number of diagnosed cases and relat-
ed deaths. In 2020, there were 2268 new cases diagnosed
with bladder cancer, with 1268 deaths.” Most new cases
are diagnosed as NMIBC, being a group with a high risk of
recurrence and progressive rates."? Thus, predicting recur-
rence and progression risks is of great interest in the con-
text of target therapy for better management of bladder
cancer disease.

Currently, EORTC and CUETO models are widely used for
risk stratification of patients with NMIBC providing specific
quantitative estimates of the short- and long-term risks of
recurrence and progression, making them highly promis-
ing tools for a personalized therapeutic approach.””

The main advantages of these risk stratification models
are that they use socio-clinical variables that are available
in patients' records, and the estimation of recurrence and
progression rates is very easy and practical for clinical pur-
poses.

To the best of our knowledge, this is the first external val-
idation in Morocco and was conducted on a cohort of 56
patients with NMIBC with up to 19 years of follow-up.

In this study, progression and recurrence risk at one year
were higher than risks probabilities presented in the EORTC
and CUETO risk rates, except for progression/recurrence
rates of the low-risk group.

Qur results clearly showed that the EORTC risk table overes-
timated the risk of recurrence and progression for only the
low-risk group, and the CUETO risk table underestimated
the risk for recurrence and progression. This funding is in
disagreement with results reported by Dovey et al. show-
ing that both risk tables tended to overestimate both recur-
rence and progression rates at 1 year"”

For both models, our long-term finding, at 5 years, was
underestimated as compared to the predicted values
in the EORTC and CUETO risk tables, except in the in-
termediate-risk group of patients. Similar results were
obtained on 123 Belgian patients"* and 205 Brazilian
patients,™ highlighting that EORTC and CUETO tables
overestimated the recurrence and progression risks at
5 years. Conversely, the study conducted by Almeida et
al. on 205 Brazilian patients with bladder cancer showed
that using the EORTC scoring model, they had an overes-
timation of the risk of recurrence in 1 year and an under-
estimation in 5 years."™

The Kaplan-Meier method was used to assess the prob-
abilities of recurrence and progression based on both
models, and the difference between the risk groups was
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compared with the log-rank test. Accordingly, using the
EORTC risk table, no significant difference was reported
in recurrence-free survival and progression-free surviv-
al rates between the risk groups. Nevertheless, previous
studies have reported that the EORTC tool has high dis-
crimination for predicting recurrence and progression.
117151 This difference could be mainly due to the low num-
ber of cases in our study that would be considered as a
sampling bias.

Of particular interest, the CUETO model showed a signif-
icant difference between groups for RFS rate (p=0.005),
unlike PFS (p=0.436). These findings are in accerdance
with the results of Chung and Coll. Showing a great asso-
ciation with recurrence (p<0.001) but not with progression
(p=0.423)." Qur results are in contrast with a previous
study showing that CUETO estimates progression better
than recurrence.”!

Our results have indicated that the EORTC risk scores did
not enable stratification, neither the risk of recurrence
nor the risk of progression. In contrast, the CUETO mod-
el successfully stratified our patients into 4 groups for re-
currence, unlike for the progression risks in our Moroccan
population. The ability of EORTC and CUETO to stratify risk
groups is controversial, depending on the studied popu-
lations. Dalkilic and Coll."! have reported that the EORTC
and CUETO models successfully stratified the recurrence
and progression into 4 risk groups in their cohorts, whereas
Xu and Coll.”' showed that only the EORTC model was able
to stratify patients with statistically different probability for
recurrence and progression.

The univariate Cox regression analysis showed that most
studied prognostic factors, including age, gender, BCG im-
munotherapy, tumor size, number of tumors, stage, and
grade, are not related to recurrence and progression. In-
terestingly, the prior recurrence rate showed a significant
association with both recurrence and progression and
could be a promising predictor factor for bladder cancer
follow-up.

In this study, BCG treatment was not applied to some
patients who were at high risk due to adverse effects or
had contraindications to BCG medication. Among the 56
recruited NMIBC cases, 23 have received BCG treatment
during the study period (41.1%). This sample is too low to
assess the recurrence and progression rates of BCG-treat-
ed patients according to EORTC and CUETO scoring sys-
tems.

This preliminary study is very informative and clearly
showed the feasibility, usefulness and ease of use of both
EORTC and CUETO scoring models for progression and re-
currence prediction in Morocco. However, the study pres-
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ents some limitations, mainly due to the low number of
recruited patients, that has largely affected the power of
the study. A large study with a consistent and multicenter
cohort with a long-term follow-up is needed to really ap-
preciate the high value of these scoring tables and to con-
struct a valid prognostic model for Moroccan patients with
NMIBC. Additionally, to better predict the cancer progres-
sion, it will be interesting to consider the cis type in future
explorations.
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Second part:

Evaluation of the mutational status of
four genes: hTERT, PIK3CA, AKT1
and Tp53 In biopsies and urine
sediments



Introduction

Bladder tumors are the eleventh most mutated cancer among 166 other cancers. Several genetic
alterations play important roles In BC tumorigenesis and progression. Cells with such mutations
are associated with tumor heterogeneity with different molecular phenotypes that represent a
major challenge in the implementation of precision cancer therapies, which promises to
transform cancer care with molecular biomarkers for diagnosis, prognosis and guide treatment
(Lavallee et al., 2021).

Expression of telomerase is absent in normal cells, while reactivation of hTERT expression is
required for replicative senescence and proliferation in immortal malignant cells (Masutomi &
Hahn, 2003). hTERT reactivation is up-regulated by somatic hTERT promoter mutations
(C250T and C228T) and/or epigenetic modulations through hTERT promoter methylation or
changes in the chromatin. Mutations of hnTERT promoter are found in 60-80% cases of all stages
and grades of UC (Griewank et al., 2013; Akincilar et al., 2016).

Somatic mutations in genes involved in PIK3CA/AKT1/mTOR signaling pathway are
identified in BC (Kachrilas et al., 2019). PIK3CA Mutations are mainly of the missense type
and grouped in exons 9 and 20, while mutations in AKT1 gene are clustered across exons 1 and
14. These mutations have oncogenic properties by activating a multi-step protein cascade,
promoting protein synthesis and regulating cancer cell proliferation (Hemmings & Restuccia,
2012).

Tp53 missense mutations are the hallmark of cancer cells (Liu et al., 2014). These alterations
are grouped in the DNA-binding domain, disrupting its principal function as a transcriptional
factor and providing the P53 protein with new oncogenic functions (Muller & Vousden et al.,
2013). Tp53 alterations are more frequently found in MIBC compared to NMIBC. Thus, Tp53
mutations appear to be the key driver of metastasis in advanced BC patients (Fujimoto et al.,
1992).

These genes play crucial roles in BC carcinogenesis and progression. They may serve as
potential biomarkers for future diagnosis to complement cystoscopy and urine cytology tools
usually used in clinical practice, effective monitoring of patient health and can improve
therapeutic response. The goal of part 11 of this study is to evaluate the mutational status of four
key genes in biopsies and urine sediments and to assess the usefulness of urine samples as a

body fluid matrix for a non-invasive approach.



Evaluation of TERT promoter
mutations in tumor biopsies and urine
sediment of Moroccan bladder cancer

patients



V1.2 Evaluation of TERT promoter mutations in tumor biopsies and urine sediments of
Moroccan bladder cancer patients
Telomeres are nucleoprotein structures that maintain genomic stability in normal cells, and the

progressive shortening of telomeric sequences through successive cell divisions induces
chromosomal instability and apoptosis. In humans, germ cells, stem cells and some immune
cell types have high levels of telomerase activity. In contrast, most somatic cells do not have
detectable telomerase activity. Most types of cancer achieve proliferative immortality by
reactivating telomerase. In tumor cells, mutations in the core promoter region of the hTERT,
result in hyperactivation of hTERT. Two recurrent mutations of the TERT promoter region
(C228T and C250T), which are the most reported mutations with high frequency, occur in
multiple cancer types, including bladder cancer.

The aim of this study was to identify the genetic alterations in the hTERT gene promoter in
bladder cancer biopsies and matched urines, and assess the association between the findings
and the clinico pathological data of patients. \TERT promoter mutations were identified in 60%
of cancer biopsies (42/70). Four hotspot mutations, type C228T (34/42), C250T (7/42), A161C
and G149T (1/42), were reported in our cohort. No correlation was found between TERT
promoter mutations and clinicopathological parameters. On the other hand, no association was
reported between the mutational status of this promoter and overall survival and recurrence-
free survival among NMIBC patients.

During the last decades, a great interest was given to the research for alternative non-invasive
tests for the detection, diagnosis and surveillance of BC. Therefore, detecting mutations genes
in urine, as the most suitable biological fluid for examination, has proven to be useful in various
types of cancer. In this way, we have used parried urine sediments for each patient to test the
sensibility and specificity of this gene. Mutations of TERT promoter were detected in 30% of
matched urine sediments and demonstrated high specificity of 100% and a moderate sensitivity
of 50%.

In summary, TERT promoter mutations are the most common and highly prevalent genetic
event in bladder cancer, making it a promising biomarker of BC and potentially a new
therapeutic target. Its moderate detection in exfoliated cells renders it practically a less effective
biomarker. However, the ability to identify alterations of this gene in urine makes it a promising
non-invasive biomarker for the diagnosis and follow-up of bladder cancer. In this regard, to
validate its potential utility as a non-invasive biomarker for screening and prognosis, further

investigations should be conducted with a larger sample and multicentric studies.
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Abstract

Background: Human telomerase reverse transcriptase (WTERT) promoter mutations are common genetic events in blad-
der cancer (BC) and have been recognized as potential biomarkers for BC diagnosis and prognosis. Detection of TERT
promoter mutations as urine-based tests has previously been reported to detect primary and recurrent BC. This study was
planned to evaluate KTERT promoter mutations in both biopsics and urines from BC paticnts to assess the interest and the
uscfulness of introducing these biomarkers for better management of BC in Morocco.

Methods: In a cohort study involving a series of BC 70 patients with different stages and grades, WTERT promoter muta-
tions were identified in both fresh biopsics and urine sediments by PCR amplification and DNA sequencing.

Results: Overall, h\TERT promoter mutations were reported in 60% of cancer biopsics (42/70), the hotspot mutations C228T
and C250T were respectively identified in 80.95% (34/42) and 16.67% (7/42) of positive cases. Other mutations: A161C and
GH9T were also reported and were obtained in 2.38% (1/42) and 2.38% (1/42), respectively. hTERT promoter mutations
were identified in 30% of matched urine sediments (21/70) and showed an overall sensitivity of 50% and specificity of
100%. In patients with non-muscle invasive bladder cancer, no statistically significant association was detected between
TERT promoter mutations and recurrence-free survival (HR: 1.224, 95% CI: 0.373-4.011. p = 0.739). and overall survival
(HR: 0.363,95% CI: 0.041-3.244, p = 0.364).

Conclusion: hTERT promoter mutations are carly events occurring with high frequencies and can be identified in the exfo-
liated cells, making them an interesting non-invasive biomarker for diagnosis and follow-up of bladder cancer.

Keywords: TERT promoter region. Bladder cancer, Mutations, Non-invasive detection, Urine sediment
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75-80% of bladder cancer cases are classified as non-
muscle-invasive bladder cancer (NMIBC), compromising
stages Tis, Ta, and T1. and most of them have a high re-
currence rate within five years and up to 20% progress to
muscle-invasive bladder cancer (MIBC)”.

Worldwide, NMIBC detection and monitoring are

Introduction

Bladder urothelial carcinoma (BUC) is the most com-
mon malignancy of the urinary system and is a fatal
invasive malignancy. In the world, bladder cancer ranks

12th, with about 573,278 cases and 212,536 deaths in
2020". In Morocco. as reported by the regional cancer
register of Casablanca, bladder cancer is a major public
health problem with an estimation of 1540 new cases
yearly and is affecting more men than women”, Overall,
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mainly based on cystoscopy and urine cytology. showing
many limitations. Cystoscopy is an invasive and expen-
sive method and cannot accurately identify small or flat
in situ carcinoma (CIS) lesions. Moreover, it is more dif-
ficult to detect and distinguish between benign reactive
lesions and malignancy. particularly for patients under-
going transurethral Resection (TURBT) or intravesi-
cal BCG treatment**’. Urine cytology is a high specific
microscopic evaluation widely used to detect bladder le-
sions but is poorly sensitive and depends on the patholo-
gist’s interpretation”.

TERT promoter mutations in Moroccan blauder cancer patients 1
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Recent advances in molecular biology have high-
lighted the presence of various genetic and epigenetic
biomarkers that could be used in molecular diagnosis
and prognosis of bladder cancer and therapeutic targets.
Interestingly, these molecular biomarkers are usually as-
sessed in clinical specimens and urine samples as a sim-
ple. non-invasive and effective method for early detec-
tion, diagnosis, and follow-up of bladder cancer patients.

In cancer cells, telomerase activation plays a cru-
cial role in cellular immortalization and cancer
develnpmem?'a'. In tumor cells, telomerase activation
is promoted by genetic mutations in the gene promoter
region. Currently, two recurrent mutations of TERT pro-
moter gene (C228T and C250T) are the most detected
mutations associated with telomerase dysregulation and
are reported in several human cancers’. In bladder can-
cer, TERT is mutated in approximately 60-85% of cases
and are detected in all clinical stages and tumor grades,
suggesting that these alterations are early events in blad-
der carcinogenesis and are considered as promising
non-invasive urinary biomarkers for the detection and
surveillance of bladder cancer™'”. Recent publications
highlight the interest in detecting hTERT gene mutations
as a urinary-based biomarker and report a higher sensi-
tivity and specificity in primary and recurrent bladder
cancer patients, varying between 46.4% and 80.5% and
from 73% to 96%. respectively™ ",

In this context, the present study was planned to
evaluate the presence of genetic mutations of hTERT
gene promoter in bladder cancer cases and their associa-
tion with cancer clinicopathological parameters to assess
the interest and the usefulness of these biomarkers in the
global management of bladder cancer in Morocco.

Materials and Methods

Study design and specimens collection

A total of 70 patients” specimens from the Urology
Department of the Mohammed V Military Hospital in
Rabat-Morocco were collected between 2017 and 2019
with a retrospective and prospective follow-up between
January 2015 and May 2021. For these patients, urine
samples were obtained at the transurethral resection
of bladder tumor (TUR-BT). The bladder tumor stag-
ing and grading were performed according to the TNM
(tumor node metastasis) classification and World Health
Organization (WHO) /International Society of Urologic
Pathology criteria, respectively'. hTERT mutational
status was assessed in both bladder cancer biopsies and
voided urine samples for patients with NMIBC (= PTI)
and MIBC (= PT1).

The study protocol was approved by the Ethics
Committee for Biomedical Research, Faculty of
Medicine and Pharmacy of Rabat — Morocco (Ref 82/19),
and written informed consents were obtained from all

recruited patients.

Genomic DNA extraction

Genomic DNA was extracted from fresh-frozen
samples and urine cell sediments using the phenolichlo-
roform method'”. All extracted DNA was quantified with
a NanoDrop™ 2000 Spectrophotometer (Thermo Fisher
Scientific, USA). DNA samples were used immediately
or stored at -20°C until use.

Mutation Detection

The mutational status was assessed by
PCR - sequencing. A 193 bp fragment of
TERT promoter was amplified using TERT-F
(5"-CACCCGTCCTGCCCCTTCACCTT-3") and
TERT-R (5-GGCTTCCCACGTGCGCAGCAGGA-3")
primers"’. The amplification reaction was performed
in a total volume of 25 pL, containing 10 M of each
consensus primer, 10 pM of each dNTP (dATP, dCTP.
dGTP. and dUTP), 1.5 mM MgCl;. 5 units Tag DNA
polymerase per pL. and 2 uL. of DNA sample in 1x Tag
polymerase buffer. The mixture was first denatured at
95°C for 5 min. Then, thirty-five cycles of PCR were
performed with denaturation at 94°C for 30 sec, primer
annealing for 40 sec at 60°C, and primer extension for 40
sec at 72°C. At the end of the last cycle, the mixture was
incubated at 72°C for 7 min. Negative control in which
DNA template was omitted from the amplification mix-
ture is included for every reaction.

Purification of PCR products was done using the
ExS5-Pure™ enzymatic PCR cleanup kit (Nimagen, The
Netherlands) and was sequenced on an ABI 3130XL
DNA analyzer using Big Dye Terminator v3.1 Cycle
Sequencing Kit (Applied Biosystems, CA, USA).
Sequencing reactions were performed in a final volume
of 10 pL, containing | pL of 2.5X Big Dye ready reac-
tion mix v.3.1, 10 pmol of forward primer, and 100 ng
of purified PCR product. The mixtures were incubated
at 96°C for Imin, and 25 cycles were performed: dena-
turation at 96°C for 10 sec, primer annealing at 50°C
for 5 sec and extension at 60°C for 4 min. Sequencing
reaction products were finally purified using Sephadex
G-50 gel-exclusion chromatography (GE Healthcare Life
Sciences). Obtained sequences were then matched with
the gene reference sequence collected from the GenBank
database (NCBI Reference Sequence: NG_009265.1).
The sequence alignments were performed using the
Clustal W program in BioEdit Software.

Statistical analysis

All statistical analyses were carried out using SPSS
for Windows, version 23 (SPSS Inc, Chicago). The corre-
lation between mutation status of hTERT gene promoter
and clinical-histopathological parameters (tumor's stage,
grade, age of patients, smoking status, and recurrence/
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Table 1 Clinicopathological characteristics

Parameter Total Percentage Parameter Total Percentage
Sex Tumour stage
Male 68 9714 =PT1 52 7419
Female 2 2.36 =PT1 18 2571
Age Tumour grade
Low grade 27 38.57
< 50 1 143 High grade 43 al.43
50-T0 44 6286 Tumour recurrence
=70 25 3571 Yes 12 2308
No 40 76.92
Smoker Tumour progression
Yes 28 40 Yes 5 0.62
No 42 60 No 47 00.38

Mutation C228T | (a) Mutation C250T (B)

LA

Fig. 1 Representative seéquencing electropherograms of the human TERT promoter with
mutations C228T (A) and C250T (B).

progression) was evaluated by %2, and p values < 0.03
were interpreted as statistically significant.

Univariate and multivariate Cox regression models
were performed to compare variables and outcomes.
Evaluation of the association between TERT promoter
mutations / clinicopathological factors, Overall Survival
(O0S), and Recurrence-Free Survival (RFS) was per-
formed by univariate cox regression to estimate the haz-
ard ratio and p-values of each covariate. Recurrence-free
survival was calculated from the first treatment assign-
ment to the date of first recurrence or the last follow-up
visit. Progression-free survival was calculated from the
first treatment assignment to the date of the first progres-
sion detected, the date of death. or the last follow-up
visit. Overall survival was defined as the interval from
the date of diagnostic to the date of death from any cause
or last follow-up.

A multivariate analysis was performed if the p-value
of one or more variables was less than <0.05. Survival
curves were performed by the Kaplan-Meier method, and
the follow-up period was defined from the date of first
TUR-BT treatment to the moment of death for deceased
cases or the date of the last follow-up for survivors.

Results

Characteristics of the study population
Clinico-pathological characteristics of the 70 recruited
patients are reported in Table 1. Overall, 68 patients were
male with a sex ratio of 34. The mean age of the patients
was 67, with extreme ages at 47 and 85 years. Moreover,
40% of patients were smokers. Clinico-pathological char-
acteristics of patients showed that 74.29% of cases were
staged = PT1 (52/70). and 61.43% had high tumor grades
{43/70). Among NMIBC cases, 23.08% have recurred
{12/52), and 9.62% have progressed upon relapse (5/32).

Evaluation of TERT promoter mutational status

All bladder cancer specimens have shown successful
amplification and direct sequencing of the hTERT pro-
moter fragment. An example of a nucleotide sequence of
WTERT promoter, showing C228T and C250T mutations,
is reported in Fig. 1. Overall, mutations in the hTERT
promoter were reported in 60% of the bladder cancer
specimens (42/70), C228T mutation prevailed and was
obtained in 80.95% of positive cases (34/42). Other muta-
tions: C250T, Al161C, and GI49T were also reported and
were obtained in 16.67% (7/42), 2.38% (1/42), and 2 38%
{1/42), respectively. Of particular interest, | case haro-

TERT prowmoter mutationr in Moreccan bladder cancer paiieats i
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Table 2 Distribution of TERT gene promoter mutations according to clinicopathological parameters

Overall Mutations in R\ TERT

Parameter N - W : % 1]
Gender
Male [ 41 60.29 7 B 0751
Female 2 1 50,00 1 50,00
Age
<50 1 1 10000 L] 000
50-T0 44 IR 63.64 1] 36.30 0154
=70 pai 13 5200 12 48.00
SEmoking
Yes g 18 64.29 10 3571 0941
No 42 24 57.14 18 42.86
Stages
= PTI (NMIBC) 52 31 5962 21 40,38 0860
=PTI (MIBC) 18 11 a6l.11 7 38.80
Girades
LG 7 15 55.56 12 44 0538
HG 43 7 6279 1] 3121
Tumpur recorrence
Yes 12 7 58.33 5 41.67
No 40 24 60.00 1] 40.00 (os7
Tumour progression
Yes 5 1 20.00 4 B0.00 0083
No 47 30 6383 17 3617

Table 3 Univariable Cox regression results for the association of clinical-pathological parameter with
overall survival (OS) and recurrence-free survival (RFS) among NMIBC patients

Owerall Survival Recurrence-free survival
HR {95% CI) p value HR (95% CI) P value
TERT Mutation
Wild type 1.0 100
- 0.364 0739
Mutant 0.363 (0.041-3.244) 1.224 (0.373-4.011)
Gender
Female 100 (i)
¥
Male 8919 (0.978-81.369) (052 0.047 (0.000-135528 454) 0087
Age
=70 1.00 1.00
0119 0.285
<70 0.175 {0.20-1.565) 2040 (0.552-7.543)
Stages
= PTI (NMIBC) 1.00 100
0.305 0.301
=>FT1 (MIBC) 0318 (0.35-2.842) 1.835 (0L581-5.798)
Grades
LG 1.00 100
HG 0223 {0.025-1.998) 018 1.566 (0.458-5 350) oA

boured both C228T and C250T mutations.

The correlation between TERT promoter mutations
and patients’ characteristics is summarized in Table 2.
No significant association was obtained between the mu-
tational profile and patients’ age, gender, and smoking
status (p > 0.05). The mutations frequencies were similar
in early and advanced stages and high and low grades.
The distribution of TERT mutations according to the
cancer evolution was assessed in the 52 NMIBC cases
and showed that TERT mutations were found in both
cases with and without recurrence (p = 0.647). Among
the 5 patients showing progressive tumors, TERT C228T
mutation was reported in | case (20%, whereas TERT
mutations were reported in 63.83% of cases with no

progressive tumors. However, the difference was not sta-
tistically significant due to the very low number of cases
with progressive tumors (p = 0.083).

Patients outcomes

The results of univariate and multivariate Cox regres-
sion analysis are reported in Table 3. In the univariate
analysis, TERT mutations and clinicopathological fea-
tures do not significantly influence the Recurrence-Free
Survivals (p = 0.05).

The univariate analysis also indicated that TERT mu-
tations, age, tumors’ grade, and stage do not significantly
influence overall survival (p > 0.05).

These results are confirmed by the Kaplan-Meier sur-
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Fig. 2 Overall Survival correlated to TERT promoter mutational status (A), Age (B), tumours grade (C) and tumours stage (D)

Table 4 Frequency of mutations detected in biopsies and urine for different stages and grades types

z Overall Mutations in hTERT Overall Mutations in hTERT
Parameter N
+ % P + & P

Stages

<PTI (NMIBC) 2 3l 59.62 0860 16 3077

> PTI (MIBC) 18 11 ol.ll | 15 2778
Grades

2 5 S. >
LG 27 15 55.56 0.538 7 2593
HG 43 27 62.79 14 3256

Sensitivity of Urinary test [95% Cl]
Specificity of Urinary test [95% C1]

S0% [34.2%-65.8%)]
100%

vival curves estimating survival rates for all cases with
TERT promoter wild-type (WT) and mutant sequences
and with respect to clinicopathological features (Fig. 2).
Indeed. a borderline significance was obtained with age
(p = 0.078), and no significant association was reported
between TERT promoter mutations and the remaining
clinicopathological features, including tumors stage, tu-
mors grade, and Overall Survival (p > 0.05).

Evaluation of TERT promoter mutations in matched
urine sediments

In this study, TERT Promoter mutational status was
also assessed in matched urine sediments from all the
70 recruited patients, and the results are summarised in
Table 4. TERT mutations were obtained in 30% of speci-
mens (21/70). TERT mutations were detected in urines
from both high and low grades cases and both cases with
early and advanced stages, with no statistically signifi-

TERT promoter mutations in Moroccan bladder cancer patients 5

87



cant difference (p > 0.05).

Comparison between TERT promoter mutations in
bladder biopsies and paired urine sediments was also
assessed and is reported in Table 4. All cases showing
TERT promoter mutations in urine sediments have muta-
tions of TERT promoter in the corresponding DNA from
bladder biopsies. Meanwhile, among the 42 TERT mu-
tations harboring cases, only 21 were detected in urine
samples. Accordingly, the specificity and sensitivity of
detecting TERT promoter mutations in urine sediments
was 100% and 50%, respectively.

The main problem clinicians face in bladder cancer
diagnosis is the low sensitivity of cytology and high in-
vasiveness of cystoscopy, the two most widely used tools
for cancer diagnosis and follow-up™. Recent advances
in molecular oncology highlighted the presence of bio-
markers of particular interest in diagnosis, prognosis,
and follow-up. In this field, genetic events, and DNA
mutations, in particular, are cancer hallmarks that show
promise as sensitive and specific molecular markers for
urological cancers. In bladder cancer, the TERT gene,
particularly the promoter region, is widely reported to
harbor many point mutations associated with cancer
development” "™ *”, The main goal of this study was to
assess the prevalence of mutations in the promoter region
of the TERT gene in Moroccan cases with bladder cancer
in tumor biopsies and voided urine samples, enabling
their potential use as biomarkers as an alternative strat-
egy to cystoscopy and urine cytology for early detection,
patient monitoring, and disease prognosis.

Overall, 60% of patients with bladder cancer had a
mutation in the TERT promoter region. These results
are in agreement with widely reported data showing that
TERT is the most frequently mutated gene in bladder
cancer ™,

The two widely reported mutations considered to be
associated with bladder cancer development, C228T and
C250T"™ ", were reported as hotspot mutations in our
study. C228T was found in 80.95% and C250T in 16.67%
of bladder cancer cases. Other 2 point mutations, A161C
and G149T, considered rare events, were obtained in 1
case each. Similar results were reported by Huang et
al. that have identified C228T and C250T mutations in
39.7% (116/292) and 14.4% (42/292) of bladder cancer
cases, respectively. Interestingly, they have also identified
2 patients with A161C and G149T mutations™.

No significant difference was found between TERT
promoter mutations and clinicopathological features,
grade, and stage in our study. This result is shared by
many authors suggesting that point mutations in TERT
promoter region are early events in the cancer develop-
ment and suggesting their interesting use as biomarkers

for the detection and monitoring of bladder cancer™.

In this study, the presence of mutations was not related
to overall and recurrence-free survivals of bladder can-
cer. These results are supported by the finding of Allory
et al.”, showing that overall survival was not associated
with TERT promoter mutations. However, contrary re-
sults were reported elsewhere, showing that TERT pro-
moter mutations significantly decreased overall surviv-

25 P
"and recurrence-free survival™. Our results were also

al
confirmed by the Kaplan Meier curve, and cox regression
model performed on the 52 cases with NMIBC.

The Cox regression model revealed an independent
association of recurrence-free survival with TERT pro-
moter mutations. age at diagnosis, grade. and stage.

In this study, TERT promoter mutational status was
also evaluated in voided urine samples. Mutations in
exfoliated cells were detected with a specificity of 100%
but a sensitivity of 50%. Higher sensitivity ranging from
80.5% to 81.3% was already reported™ ™. The difference
could be due to the cell sampling, preparation, DNA/
RNA extraction, and protocol used for point mutations
identification. Indeed, several analytical approaches
are used for detecting mutations in TERT promoters.
The difference could also be due to the rate of cancer
exfoliated cells that could be recovered from the urine.
The small urine volume may affect the number of ex-
foliated cells, and consequently. the quantity of DNA
extracted from the malignant cells, causing the lack of
detecting mutations in the urine sample. In line with
this, Zuiverloon and colleagues have reported that the
sensitivity of this test based on detection of mutations in
the FGFR3 gene in urine increases with the volume of
the urine sample™. Of particular interest, the number of
exfoliated cells depends on the tumor grade and stage. In
this study. only 62.79% of recruited cases were diagnosed
with high grades. Kinde et al. have reported a sensitivity
of 79% on exfoliated cells recovered from 86.7% of HG
cases'.

It is currently widely accepted that TERT promoter
mutations are interesting biomarkers for bladder cancer
diagnosis and follow-up, but recent investigations showed
that telomerase inhibition is a promising therapeutic
target. The discovery of some inhibitors, antisense oli-
gonucleotides, and some immunotherapeutics are under
clinical trials for many cancer, including bladder cancer.
to increase the therapeutic arsenal for better cancer man-
agement™”

This study is very informative and clearly showed that
mutations in TERT promoter region are an interesting
biomarker that could be used for early diagnosis for bet-
ter management of bladder cancer. However, the main
limitations of the study are: (1) the small sampling size.
especially the low number of NMIBC patients not allow-
ing to accurately estimate the association between TERT
promoter mutations and cancer recurrence; (2) The very
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low number of women patients; (3) The follow-up period
is short, causing a missing recurrence and progression
data for newly collected cases.

Conclusion

hTERT promoter mutations are early events occur-
ring with high frequencies and can be identified in the
exfoliated cells, making them an interesting non-invasive
biomarker for diagnosis and follow-up of bladder cancer.
A large study on a high number of cases will be of great
interest to accurately assess the usefulness of this bio-
marker in bladder cancer management.
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AKT1 and PIK3CA activating mutations
In Moroccan bladder cancer patients’
biopsies and matched urines



V1.3 AKT1 and PIK3CA activating mutations in Moroccan bladder cancer patients
biopsies and matched urines

The phosphatidylinositol 3-kinase (PI3K)/ protein Kinase B (AKT) signalling pathway has

become a major focus of a number of recent studies. This intra-cellular pathway was reported

to be frequently over-activated in all human cancers and also appears to play a central role in

bladder carcinogenesis.

The PI3K-AKT pathway is an important signaling pathway involved in the maintenance of cell
growth, proliferation, migration and survival. It can be activated via extracellular signaling
upstream of receptor tyrosine kinases, hormones and growth factors or by intracellular
signalling (transformation or over-expression of proteins involved in the signal transduction),
which is essential for its function in bladder cancer and other related diseases. Activating
mutations in PIK3CA and AKT1 genes are recurrent in BC and are promising targets to improve

cancer management.

This prospective study was planned to analyse the mutational status of PIK3AC and AKT1 for
the possible existence of mutations in bladder cancer biopsies and urine sediments and to
reliably assess their use as a urinary-based biomarkers for patients’ diagnosis and monitoring.
In a serie of 70 tumors and matched urines, we detected one E17K pathogenic mutation in exon
1 on the AKT gene (1.14%) and 11 mutations in exon 9 and 20 of the PIK3CA gene (15.71%),
mostly seen in early stages and high-grade tumors. Sequencing of urine sediment-derived DNA
for both genes showed high specificity and moderate sensitivity ranged from 66.7% for PIK3CA
to 100% for AKT1 genes.

Although alteration of the PI3K/AKT pathway is a prevalent event in bladder cancer, our
findings show a low prevalence of AKT1 and PIK3AC mutations. Consequently, it can be
classified as a potential biomarker for the management of BC in Morocco. Furthermore, larger
and multicentric studies are needed to overcome the lack of significant statistical association
between mutational status and clinical outcomes.

Considering the ability to detect mutations of these genes in urine-exfoliated cells and the high
specificity of this non-invasive method, we strongly suggest that these biomarkers should be

taken into account in future genetic investigations in bladder cancer patients.
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Abstract

Introduction: in cancer cells, activating mutations
in PIK3CA and AKT1 genes, major players of PI3K-
AKT-mTOR signalling pathway, are widely reported
in many cancers and present attractive targets for
the identification of new therapeutics and better
cancer management. The present study was
planned to evaluate the mutational status of
PIK3CA and AKT1 genes in bladder cancer patients
and to assess the association between these
mutations and patients” clinico-pathological
features. Methods: in this prospective study,
bladder cancer biopsies and matched urine
sediments samples were collected form 70 patients.
Mutations were assessed by deoxyribonucleic acid
(DNA) sequencing and correlation with clinico-
pathological data was performed using SPSS
software. Results: AKT1 alterations were poorly
detected. Only one patient with pT1 stage and high-
grade tumour carried the E17K mutation. In PIK3CA
exon 9, 2 point mutations, E545K and Q546E, and a
SNP (E547E) were reported, whereas in exon 20, 2
point mutations (L989V and H1047R) and 2 SNPs
(110221 and T1025T) were detected. PIK3CA
mutations were mainly observed in early stages and
high-grade tumours. Statistical analysis showed no
significant association between the studied AKT1
and PIK3CA mutations and patients” clinico-
pathological parameters (p > 0.05). Detection of
these mutations in voided urine samples showed a
high specificity (100%) for both genes and a
moderate sensitivity: 100% for AKT1 and 66.7% for
PIK3CA genes. Conclusion: this study shows clearly
that mutations in AKT1 and PIK3CA are rare events
and could not be considered as valuable biomarkers
for bladder cancer management.

Introduction

Bladder cancer (BC) is the ninth most commonly
diagnosed cancer in the world, accounting for
approximately 420,000 new cases each year [1]. In
Morocco, bladder cancer is a very significant public
health problem, in terms of prevalence, mortality,
impact on quality of life and economic cost [2].

According to the regional cancer registers of
Casablanca and Rabat, the incidence of BC reached
5.8 and 11.3 per 100,000 persons,
respectively [3,4]. Of particular interest, BC is most
frequently diagnosed in males and the most
frequent histological type is by far transitional cell
carcinoma, usually diagnosed at stages | and Il [5].
The most common presentation of bladder cancer
is visible, or gross, hematuria, but patients can also
present with isolated microscopic hematuria. The
risk of bladder cancer is approximately 4% in
patients with microscopic hematuria and 16.5% in
those with gross hematuria [6]. In Morocco, the
treatment of BC is based on the clinic-pathologic
features [7] and the current standard method for
urothelial BC detection in both the incident and
surveillance  settings are cystoscopy and
conventional urine cytology [8]. Cystoscopy is an
invasive approach that provides essential
prognostic information, but shows insufficient
power to precisely predict the patient outcome.
Cytology is a largely used non-invasive method that
presents some limits, likely related to its low
sensitivity for low grade tumors and the user-
dependent cytological interpretation [9]. These
disadvantages are underlining the urgent need to
implement more reliable and objective tools to
diagnose and monitor BC patients. Currently, the
development of molecular biology tools has given
access to explore molecular alterations in bladder
cancer and identifying potential diagnostic,
prognostic and therapeutic targets; and numerous
promising biomarkers have been identified,
including genomic alterations and transcriptional
subtypes [10]. In this field, frequent activating
mutations have been identified, and multiple
studies have focused on hotspot mutations
markers for disease surveillance using urine
sediments as promising diagnostic tool for non-
invasive BC diagnosis [11, 12].

In cancer cells, PI3K-AKT-mTOR signalling pathway
plays a major role in growth, proliferation and
cellular survival. This pathway is either activated by
extracellular signals (receptors with tyrosine kinase
activity) or by intracellular ones through the
transformation or the over expression of proteins
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involved in the signal transduction [13, 14]. In BC,
50-70% of tumours contain mutations that are
predicted to activate this pathway, including
activating mutations in PIK3CA, a member of
PI3K family, and in AKT1 genes [15]. PI3Ks
(Phosphoinositide 3-kinases) are a class of enzymes
that phosphorylate a series of membrane
phospholipids playing a crucial role in tumour
occurrence as part of the PI3K-AKT-mTOR signalling
pathway [16]. In many cancers, a great interest has
been focused on the identification of new inhibitors
targeting class-IA PI3Ks, including PI3Ka and PI3K B
and their downstream pathways [17]. PIK3CA
mutations can occur in any of the four domains of
the gene: the adaptor-binding domain, C2 domain,
helical domain and catalytic (kinase) domain.
However, hot spot mutations occur mainly in exon
9 of the helical domain (E542 and E545) and in exon
20 of the kinase domain (H1047) [18]. AKT is an
evolutionarily conserved kinase, also known as
protein kinase B. Obviously, there are three
members of the AKT family (AKT1-3), encoded by
separate genes, but with over 80% amino-acid
sequence identity which has both distinct and
overlapping functions. AKT occupies a key
regulatory node in the PI3K pathway, influencing
significantly a wide range of cellular processes [19].
The AKT1 E17K mutation can activate the
PI3K/AKT/mTOR pathway in a similar manner as
PIK3CA alterations and promotes carcinogenesis
through increasing cell proliferation or survival by
phosphorylating several direct substrates that have

crucial roles in cellcycle regulation. These
substrates include cell cycle inhibitors and
transcription factors [20, 21]. The present

prospective study was planned to explore the
mutational status of PIK3CA and AKT1 genes in BC
biopsies and matched urines and to assess their use
as anon-invasive molecular biomarker for patients’
diagnosis and monitoring.

Methods

Patients and study design

A total of 70 patients with bladder cancer were
recruited at the Urology Department of the Military

Hospital Mohammed V in Rabat - Morocco. Each
biopsy was cut into two parts; one part was used
for anatomy-pathological diagnosis and the other
one was kept in -80°C for molecular biology
explorations. Paired voided urine samples were
obtained before surgery from all patients. Staging
and grading were done according to the TNM
classification (NMIBC includes Ta, T1, and Tis; and
MIBC includes T2, T3, and T4) and World Health
Organization criteria. Recurrence was defined as
reappearance of primary NMIBC, with a lower or
the same pathological stage, and progression was
defined as a disease with a higher TNM stage upon
relapse [9]. The study protocol was approved by the
Ethics Committee for Biomedical Research, Faculty
of Medicine and Pharmacy of Rabat - Morocco (Ref
82/19). All recruited patients have agreed to
participate voluntarily in the study, been informed
on the study and its objectives, and signed written
consents. With respect to ethical rules, rights of
confidentiality and anonymity of participants have
been respected.

Genomic DNA extraction

Genomic DNA was extracted from fresh frozen
tumours and urine cell sediments using
phenol/chloroform method [22]. All extracted DNA
was quantified with a NanoDrop™ 2000
Spectrophotometer (Thermo Fisher Scientific,
Waltham, MA, USA). DNA samples were used
immediately or stored at -20°C until use.

Evaluation of PIK3CA and AKT1 mutational status

Specific DNA primers were used to amplify
exons 9 (F: AATCATCTGTGAATCCAGAGG;
R: ATGCTGAGATCAGCCAAAAT) and
20 (F:  CATTTGAGCAAAGACCTGAAGG; R:
TGAGCTTTCATTTTCTCAGTTATC) of the PIK3CA
gene and exon 1 of the AKT1 gene
(F: TAGAGTGTGCGTGGCTCTCA; R:
CTGAATCCCGAGAGGCCAA). DNA Amplification was
performed on ProFlex PCR system (Applied
Biosystems, Foster City, CA, USA) under the
following conditions: 5 min at 95°C for initial
denaturation, 35 cycles of 30s at 94°C for
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denaturation, 40s at specific annealing
temperature of each primer set (54°C for PIK3CA
exon 9, 58°C for PIK3CA exon 20 and 60°C for AKT1
exon 1 amplifications) and 40s at 72°C for DNA
synthesis. At the end of the last cycle, a final
elongation step of 7 min at 72°C was performed.
PCR products were purified by ExS-Pure™
enzymatic PCR clean-up kit (NimaGen BY,
Nijmegen, The Netherlands) and the seguencing
was performed with BigDye®*Terminator v3.1 Cycle
Sequencing Kit (Applied Biosystems, Foster City, CA,
USA), according to manufacturer’s protocol, on an
ABI 3500 DNA analyzer (Applied Biosystems, Foster
City, CA, USA). The obtained sequences were
matched with the genes references sequences
(Genes ID: 5290 and 207 for PIKCA and AKT1
respectively) collected from the GeneBank
database. The sequence alignment was performed
using Clustal W program in Bio-Edit Software.

Statistical analysis

Statistical analyses were performed using IBM SPSS
software version 23. The mutation status of studied
genes in both tumours and urine samples was
statistically evaluated wusing percentages and
confidence intervals (Cl) of 95%. The correlation
between mutational status and clinico-histo-
pathological parameters (tumours stage, grade,
recurrence and progression) was evaluated using
chi-squared test (y° test). Differences were
considered significant at p values less than 0.05.

Results

Characteristics of the study population

Among the 70 patients with bladder cancer, 68
were male and 2 were female, with a sex ratio of
34. The mean age of patients was 67 years, ranging
from 47 to B85 years. The clinico-pathological
characteristics of tumour specimens are
summarized in Table 1. Most cases were staged =
PT1 (74.29%) and have high grade tumours
(61.43%). In NMIBC, 23.08% of cases recurred and
9.62% progressed upon relapse (Table 1).

Evaluation of the mutational status of PIKCA and
AKT1 genes in bladder biopsies

AKT1 alterations were poorly detected in our
cohort and were obtained in only in 1.4% of
samples (1/70).AKT1 E17K mutation was found in a
man with pT1l stage and high-grade tumour
(Table 2). Mutations in PIK3CA gene were found in
12.6% of patients (9/70). In PIK3CA exon 9, 2 point
mutations, E545K and Q546E, were reported in 3
and 1 cases, respectively, and a SNP (E547E) was
reported in 1 case. In PIK3CA exon 20, 2 point
mutations, L989V and H1047R, were found in 1 and
2 cases, respectively. Moreover, 110221 SNP was
found in 2 cases and T1025T SNP in 1 case. Of note,
2 cases have 2 point mutations each; the first one
have 1 SNP and 1 point mutation (E547E/Q546E) in
exon 9 and the second harboured 2 SNPs
(110221/T1025T) in the exon 20. The relationship
between mutations and patient clinico-
phatological features is summarized in Table 2, and
clearly showed that mutations of PIK3CA were
mainly observed in low tumour stages (= pT1),
reported in 15.4 % of cases (8/52), and in high grade
tumours, reported in 14% of cases (6/43). Of
particular interest, PIK3CA and AKT1 point
mutations weren’t detected in any recurrent or
progressive case (Table 2). Statistical analysis
showed no significant association between the
studied AKT1 and PIK3CA point mutations and
patients’ clinico-pathological parameters (p > 0.05)
(Table 2).

Evaluation of the mutational status of PIK3CA and
AKT1 genes in matched urine sediments

In urine sediments, PIK3CA and AKT1 gene
mutations were reported in 8.6% (6/70) and 1.4%
(1/70) of samples, respectively. Comparison
between mutational status of the studied genes in
bladder biopsies and paired urine sediments DNA
was assessed and is reported in Table 3.
Interestingly, all cases showing mutations in urine
sediments have been diagnosed with BC after
haematuria episode and have aberrant mutations
in the corresponding DNA from bladder biopsies,
and reciprocally, no mutation was detected in urine
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sediments of patients showing the absence of point
mutations in bladder biopsies, suggesting a
specificity of mutation detection in urine sediments
of 100% for both AKT and PIK3CA genes. Point
mutation detection in urine sediments showed high
sensitivity for AKT1 gene (100%); the only point
mutation obtained in AKT1 gene was reported in
both patient’s biopsy and urine samples. Moderate
mutation detection sensitivity in urine samples was
obtained for PIK3CA gene (66.7%); point mutations
were detected in only 6 urine sediments samples
among the 9 patients who harboured point
mutations in the corresponding biopsies.
Additionally, all mutated cases have been
diagnoses with bladder cancer after presenting
hematuria episode (Table 3).

Discussion

During the last decades, a great interest was given
tothe molecular events in bladder tumorigenesis as
determinant of cancer progression, and worldwide
published data have identified molecular events
that could be of interest in patients” diagnosis,
prognosis and target therapy [23, 24]. In the
present study, mutation of AKT1 gene is a rare
event in bladder cancer in Moroccan patients.
Among 70 patients, only 1.4% (1/70) harboured the
E17K point mutation. This results is in agreement
with reported finding in breast cancer (4.3%) [25],
ovarian 2% and colorectal 6% cancers [26].
Therapies targeting AKT1 mutated cancers showed
that treatment with AZD5363, an ATP-competitive
pan-AKT  kinase inhibitor, vyielded durable
responses and tumour regressions across a variety
of tumour types harbouring the E17K mutation
including breast, endometrial, cervical, and lung
cancers. Mutations as D323H in AKT1 and W80C in
AKT2 are relatively resistant to the allosteric AKT
inhibitor MK-2206 suggesting that the vast majority
of rare AKT variants are passenger mutations with
no effect on drug sensitivity [27, 28].

PIK3CA mutations of the helical domain has been
reported in up to 26% of breast cancers, E542K and
E545K being the most prevalent point mutations
and were reported in 20% and 11% of cases,

respectively [29]. In our study, PIK3CA mutations
were found in 12.6% (9/70) cases distributed in
exon 9 (3 E545K, 1 Q546E and 1 E547E) and 20 (1
L989V; 2 110221;1 T1025T and 2H1047R).
Interestingly, among the 9 positive cases, 2
harboured 2 point mutations; 1 case has Q546E
point mutation and E547E SNP in exon 9 and the
second carried the 110221 and T1025T SNPs. In a
cohort study of 61 patients, with two proliferative
skin lesions lacking malignant potential, the typical
cancer-associated PIK3CA mutations E542K, E545K
and H1047R were revealed in 16% of the cases [30].
In this study, the H1047R mutation affecting the
catalytical domain of PIK3CA gene was found only
in two patients supporting the widely reported data
showing that PIK3CA alterations affecting the
catalytical domain mutations, includingH1047R,
were relatively rare (16.7%), whereas mutations
affecting the helical domain, including E545K/D and
ES42K, prevail and are reported in relatively high
number of cases [31]. In urothelial tumours somatic
mutations in PIK3CA gene may be of use for early
detection of primary and recurrent tumours in
urine-based assays, not only for prognosis
prediction, but also as molecular biomarkers for
targeted therapies [32]. Specific knockdown of
PIK3CA  inhibited proliferation,  migration,
anchorage-independent growth and in vivo tumour
growth of cells with PIK3CA mutations [15]. Of
particular interest, E542K and E545K were
respectively identified in two cell lines: BLCAb0O1
and BLCAb0O02. BLCAbOD1 is less responsive to
cisplatin than BLCAb002, suggesting that the
presence of activating PIK3CA mutations may not
necessarily predict in vivo treatment response to
PI3K targeted therapies, while specific gene
alterations may be predictive for cisplatin response
in BC models and, potentially, in patients as
well [33].

In BC, numerous studies have highlighted the
possibility to detect bladder oncogene mutations in
DNA isolated from urine sediments, giving the
opportunity to use a non-invasive approach for
genetic studies and molecular diagnosis [34]. Of
particular interest, it was shown that assessment of
some genetic alterations in urine sediments adds
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diagnostic value to urine cytology and confers high
sensitivity and specificity for the detection of
urothelial carcinoma [35]. In this context, we have
evaluated the mutational status of PIK3CA and
AKT1genes in bladder cancer biopsies and matched
urines, and assess their use as anon-invasive
molecular biomarker for patients’ diagnosis and
monitoring. The use of DNA obtained from urine
sediment; as template to detect mutations,
provides sensitivities of 66.7% and 100% for PIK3CA
and AKT1 genes, respectively. No false-positive
result was detected and the mutations in exfoliated
cells were observed only in cases showing
mutations in corresponding tumours, giving a
specificity of 100% for both PIK3CA and AKT1 genes.
Sensitivity of detecting mutations of PIK3CA gene in
urine sediments is equal to 66.7% and the only 1
mutation in AKT was reported in both the patient’s
biopsy and voided urine sediment. These results
must be considered with a lot of precaution, as the
number of positive cases is low. In Morocco, as in
most developing countries, the treatment of BC is
based on the clinico-pathologic features, and the
main challenge faced by clinicians is to overcome
the treatment inefficiency and prevent the
development of disease” recurrence and/or
resistance to chemo and/or radiotherapy [36, 37].
The main limitation of the study is the low number
of cancer cases that will not reflect the real
mutational status of these genes in BC and
consequently will not be useful for better
assessment of the association between the
mutational status and clinico-pathological features.

Conclusion

In conclusion, this study is very informative and
clearly showed that mutations in AKT1 and
PIK3CAare rare events and could not be considered
as valuable biomarkers for bladder cancer
management. Other studies are needed to explore
the impact of these mutations in the overall PI3K-

What is known about this topic
* PI3K-AKT-mTOR signalling pathways play a
major role in tumour growth, proliferation
and cellular survival;
e Urine cytology has a low detection
sensitivity, especially for low-grade
tumours.

What this study adds
s AKT1 mutation is a rare event in bladder
cancer;
s Detecting mutations in urine sediment is a
promising and reliable method for non-
invasive diagnosis and monitoring.
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Table 1: tumour characteristics of people with bladder cancer
Parameter Total cases Percentage (%)
Gender

Male 68 97.1

Female 2 2.9

Age

<50 1 14

50-70 44 62.9

>70 25 35.7

Smoking

Yes 28 40

No 42 60

Tumour stage

<PT1 52 74.3

>PT1 18 25.7

Tumour grade

Low grade 27 386

High grade 43 61.4

Tumour recurrence

Yes 12 23.1

No 40 76.9

Tumour progression

Yes 5 9.6

No 47 90.4
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Table 2: distribution of PIK3CA and AKT1 genes mutations according to clinicopathological parameters
Parameter PIK3CA AKT1

Overall n=9 Overall n=1

+ - + -
Gender
Male 9 59 1 67
Female 0 2 0 2
P value 0.999 1
Age
<50 0 1 0 1
50-70 7 36 1 43
>70 2 23 0 25
P value 0.703 0.410
Smoking
Yes 3 25 1 27
No b 36 0 42
P value 0.525 0.997
Tumour stage
<PT1 8 44 1 51
>PT1 1 17 0 18
Pvalue 0.998 0.998
Grade
LG 3 24 0 27
HG 6 37 1 42
P value 0.512 0.998
Recurrence
Yes 0 12 0 12
No g 31 1 39
P value 0.999 0.999
Progression
Yes 0 5 0 5
No 9 38 1 46
P value 0.999 0.999

Table 3: comparison between mutational status in bladder biopsies and voided urine sediments

Genes | Mutations in fresh | Mutations in urine | Sensitivity % Specificity % Hematuria %
biopsies sediments (95% ClI) (95% Cl) (95% ClI)
N | %(95%Cl) N |%(95%Cl)
PIK3CA [9 |12.6(6.1-23) |6 |[8.6(3.2-17.7) |66.7(29.9-92.5) | 100(94.9-100) | 100 (66.4-100)
AKT1 1 |14(0-7.7) 1 [1.4(0-7.7) 100 (2.5-100) 100 (94.9-100) | 100 (2.5-100)

Cl = confidence interval. The sensitivity reflects the fraction of patients in which the urine DNA was mutated

among cases with mutation in matched tumour DNA of the same genes.
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V1.4 Mutational analysis of p53 gene exons 4-9 in tumours biopsies from Moroccan
bladder cancer patients

P53 is a DNA-binding transcription factor that plays a prominent role in halting the cell cycle

in response to many molecular stresses; its loss of function often results in genomic or

chromosomal instability that leads to dysregulated proliferation in cancer.

Mutations in the p53 gene occur in more than half of all human malignancies, and some P53
mutation hotspots have been revealed to play a major role in carcinogenesis. In bladder cancer,
the Tp53 gene is mutated in 50 to 60% of muscle-invasive tumors with a high risk for BC
(tumours classified as T2, Ta disease and high-grade tumour associated with CIS). In contrast,
mutations in the p53 are thought to be a strong predictor of tumor recurrence and are related to

invasive tumors in bladder cancer.

To get a better understanding of the genetic basis of bladder cancer in the Moroccan population,
we investigated the mutational profile analysis of the p53 gene (exons 4-9) in 70 bladder cancer
tumors of all stages and grades at initial diagnosis by performing a PCR-sequencing analysis
on the whole cohort. Additionally, we analyzed the prognostic significance of the identified
mutations regarding clinical and pathological parameters of bladder cancer.

The present study revealed very high frequencies of mutations with a prevalence of 100%, and
at least one mutation was detected for each case in our cohort. Also, alterations in this gene
were detected in all stages and grades of BC. The most frequent mutation was found in exon 4,
the R72P polymorphism, and was detected in 91.43% of bladder cancer specimens. Most of the
mutation types found are located in exon 8 of the p53 gene in comparison with the other exons,
and only the correlation between mutations in exon 8 and grade has been observed (p-value =
0.034).

Our results suggest that mutations of the p53 gene may play a major role in bladder cancer
development. As p53 mutations are detected in early and advanced stages, they can be used as
a biomarker for early diagnosis or as a prognostic marker. The findings also suggest that the
relationship between bladder cancer risk and mutations in p53 deserves further investigation.
Moreover, in different types of human cancers, a number of specific p53 mutation hotspots have
been identified and can be used as a “probe” for clinical practice to be better-informed on the

complete remission of the tumor in response to treatment and the possibility of its recurrence.
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ABSTRACT

Bladder cancer (BC) is one of the most common malignant tumors of the urinary system and in
which several molecular and pathological pathways are altered. The Tp53 tumor suppressor
gene is commonly mutated in various cancers, including bladder cancer, and some Tp53

mutations have been revealed to play a major role in carcinogenesis.

To find relationships between the mutation patterns in Tp53 gene and bladder cancer, we
studied mutational profiling on Exons 4-9 of the Tp53 gene in 70 bladder cancer tumors of all
stages and grades at initial diagnosis by performing a PCR-sequencing analysis on the whole
cohort. Additionally, we analyzed the prognostic significance of the identified mutations

regarding bladder cancer's clinical and pathological parameters.

From the sequence analysis, at least one mutation was observed for each case in our cohort.
Thirty-four (34) mutations were identified with more prevalent mutations in exon 4 (91.43%).
Most of the mutation types were located in the DNA-binding domain (Exon 5- 8). No alteration
was detected in exon 7, whereas a change at intron 7 was found. The y2 test results showed a

correlation between changes in exon 8 and grade (p-value = 0.034).

Findings from this preliminary study revealed that Tp53 gene mutations may be useful as a
biomarker for early diagnosis and follow-up of bladder cancer. A study of Tp53 expression, in
the same population, is needed to understand the involvement of this mutation in Tp53

inactivation in bladder cancer patients.

Keywords: Mutations, P53, the R72P polymorphism, Bladder cancer, Morocco.



INTRODUCTION

Bladder cancer is one of the most common malignancies in the world (Dadhania et al., 2015).
In Morocco, BC is still a major public health problem, it’s the second most common cancer of
the urinary system, after prostate cancer in men, and it’s a cause of cancer death in the elderly.
BC ranks as the eighth most commonly diagnosed cancer in the Moroccan population, with an
estimated 2268 new cases in both sexes, accounting for 3.8% of total new cases (Bouchbika et
al., 2013; GLOBOCAN, 2022). About 75% of BC patients are diagnosed with non-muscle
invasive bladder cancers (NMIBC), while the other types are muscle-invasive bladder cancers

type (MIBC) or develop into metastatic disease (Kassouf et al., 2015).

MIBCs are molecularly heterogeneous, characterized by high genetic instability, manifesting
by genetic alterations at the molecular level, including mutations, chromosomal hybridization,
and loss of heterozygosity (Matulewicz & Steinberg, 2020). While many genes can be mutated,
inactivating TP53, RB1, and PTEN tumor suppressor genes is extremely frequent in MIBC
(Cordon-Cardo, 2008), hence the importance of determining a molecular profile that can play

a crucial role in predicting prognosis and evaluating therapeutic choice (Dall’Era et al., 2012).

TP53 protein is a nuclear phosphoprotein of 375 amino acids, which is commonly referred to
as the “guardian of the genome” (Chang et al., 1993). In a normal cell, the primary function of
Tp53 is to regulate the expression of several target genes as a transcription factor. It is
considered an essential mediator of cellular response mechanisms to various stresses. The
activation of Tp53, in the context of these advanced stresses, conditions a transient arrest of cell
proliferation and damage repair (Ozaki & Nakagawara, 2011). The domain structures of these
53KDa proteins can be divided into three principal regions: the transactivation domain encoded
by exons 2-4, the DNA binding domain encoded by exons 5 to 8 and the oligomerization domain
encoded by exons 9 and 10. Each domain has a significant role in TP53 activities (Végran et
al., 2013).

The Tp53 tumor suppressor gene is commonly mutated in various cancers, including bladder
cancer; and mutated Tp53 gene plays a significant role in carcinogenesis (Kandoth et al., 2013;
Ozaki & Nakagawara, 2011). Recent studies have demonstrated the essential role of mutations
in the Tp53 gene in the progression and prognosis of MIBC (L. et al., 2021). Indeed, the loss of
Tp53 function, with the gain of function mut-p53, promotes the process of tumorigenesis,
increased tumor progression, and decreased survival rate. Mutations in this gene have been

reported in over 66% of cases with BC and were found to be correlated with a high grade (Chen



et al., 2019; Li et al., 2021). Other effects attributed to mutant Tp53 overexpression are the
promotion of progression and metastatic potential through its effect on numerous signalling
pathways leading to receptor recycling, thereby regulating metastatic gene expression (Muller
& Vousden, 2014).

To better understand the genetic basis of bladder cancer in the Moroccan population, we
investigated the analysis of the mutational profile of Tp53 in 70 bladder cancer tumors of all
stages and grades at initial diagnosis by performing a PCR-sequencing analysis of the whole
cohort. Additionally, we analyzed the prognostic significance of the identified mutations

regarding bladder cancer's clinical and pathological parameters.

MATERIALS AND METHODS

Study design and specimens’ collection

Transurethral resection of the bladder (TURB) treatment was performed in the Urology
Department of Military Hospital of Instruction Mohamed V (MHIMV) in Rabat, Morocco,
between January 2017 and January 2019 for a panel of 70 patients studied. Fresh tissue samples
were used as biological material for mutational analysis and stored at - 80°C until use.
Histological analysis of the collected tissues was conducted in the anatomy pathology
department of MHIMV, and the tumor origin, staging and grading were done according to the
TNM classification and World Health Organization (WHO) / International Society of Urologic
Pathology criteria.

All selected patients were given clear and appropriate information on the present study and
signed a written authorization in accordance with the recommendations of the Ethics Committee
for Biomedical Research, Faculty of Medicine and Pharmacy of Rabat- Morocco (Ref 82/19).
Genomic DNA extraction

Genomic DNA was extracted from fresh frozen tumors using a standard phenol/chloroform
method. All extracted DNA was quantified with a NanoDrop™ 200 Spectrophotometer
(Thermo Fisher Scientific, Waltham, MA, USA) (Sambrook et al, 1989). DNA samples were

stored at -20°C until analysis.

TP53 mutation detection
Exons 4-9 of the TP53 gene were assessed by PCR-sequencing using the following primers

(Table I). The PCR reaction was realized in a total volume of 25 ul contained 0.5 units of Tag



DNA polymerase, 10 mM of each consensus primer, 1.5 mM MgClz, 10 uM of each dNTP
(dATP, dCTP, dGTP, and dTTP), and 2 ul of DNA sample in 1x Taq polymerase buffer.
DNA Amplification was performed on ProFlex-Applied Biosystems, starting with a
denaturation step at 95°C for 5min, followed by 35 cycles of denaturation at 94°C for 30
seconds, annealing was carried out for 30 seconds at a specific annealing temperature of each
primer set (Table 1), then an extension at 72°C for 30 seconds. At the end, the mixture was
incubated for a final elongation step at 72°C for 7 min. For every reaction, negative control in
which the DNA template was omitted from the amplification mixture was included.

PCR products were subjected to electrophoresis on a 1-1.5%% agarose gel before proceeding
to the purification of PCR products step using the ExS-Pure™ enzymatic PCR clean-up kit
(NimaGen BV, Nijmegen, The Netherlands). Sequencing reactions were performed with
BigDye®Terminator v3.1 Cycle Sequencing Kit (Applied Biosystems, Foster City, CA, USA)
in a volume of 10 pl, including 1 pl of 2.5X BigDye ready reaction mix v.3.1, 10 pmol of
forward primer, and 100ng of purified PCR product. The mixtures were incubated according to
the manufacturer’s protocol. Sequencing reaction products were finally purified using
Sephadex G-50 gel-exclusion chromatography (GE Healthcare, Life Sciences). Obtained
sequences were aligned using the Clustal W program of the BioEdit software. They were then
compared to the reference sequence of the gene collected in the GenBank database (NCBI
Reference Sequence. NG_017013.2).

Table V. Primers and annealing temperature for PCR reaction

Product Tm
Gene Forward Primer 5'-3' Reverse Primer 5'-3’

size (pb) (°C)
P53/exon4 | TCT GACTCT TTT CAC CC CCA GGC ATT GAA GTC ATG GAA G 353 63
P53/exon5 | TGTTTG TTT CTT TGC TGC CGT GT | CAA CCA GCC CTG TCG TCT CT 310 65
P53/exon6 | 1cc GCG CCA TGG CCA TCT AC AAC CAC CCT TAA CCCCTCCT 331 62
P53/exon7 GGC TCT GAC TGT ACC ACC AT GGA AGA AATCGG TAAGAGG 201 55
P53/exon8 CTGCCTCTTGCTTCTCTTTT GAG GCA AGG AAA GGT GAT AA 255 61
P53/exon9 | GGA GGA GAC CAA GGG TGC AGTT | ATG CCC CAA TTG CAG GTA AAA CA 235 59

Statistical analysis
The correlation between mutation status of the Tp53 gene and clinico-pathological parameters

was evaluated by x2 test, and p values <0.05 were considered statistically significant. All

statistical analyses were performed using IBM SPSS software version 23.



RESULTS

Clinical data and patient characteristics

Clinico-pathological data of 70 patients enrolled in this study are shown in Table Il. Most of
the patients included in this cohort were male (68/70), with a mean age of 67 years old (age
ranging from 47 to 85 years), and 60 % of patients were ever-smokers. Using histological
examination, 52 (74.28%) cases were NMIBC and 18 (25.71%) cases were MIBC.

According to the WHO classification, the proportions of each clinical stage were 74.28 % for
stage 1, 17.14 % for stage 1, 7.15 % for stage 111, and 1.43 % for stage IV. A total of 27 tumors
were low-grade (38.57%), whereas 43 were high-grade (61.43%). The mean duration of follow-
up was 44 months; During the follow-up period and after an initial TUR-BT, the recurrence
was seen in 12 patients (23.08 %), and progression was noted in 5 patients (9.62%).

Table 1. Tumour characteristics of people with bladder cancer according to clinical staging

Clinical Stage

characteristics pTa/pT1l pT2 pT3 pT4 Total
Number 52 12 5 1 70
Gender

Male 50 12 5 1 68 (97.14%)
femelle 2 0 0 0 2 (2.86%)
Age

<70 30 7 3 1 41 (58.57%)
>70 22 5 2 0 29 (41.43%)
Grade

High-grade 25 12 5 1 43 (61.43%)
Low-grade 27 0 0 0 27 (38.57%)
Smoker

Yes 34 8 5 0 47 (67.15%)
No 18 4 0 1 23 (32.85%)
BCG treatment

Yes 22 9 3 0 34 (48.57%)
No 30 3 2 1 36 (51.43%)
Recurrence

Yes 12 0 0 0 12 (17.15%)
No 40 12 5 1 58 (82.85%)
Progression

Yes 5 4 5 0 14 (20%)
No 47 8 0 1 56 (80%)

Mutational status of the Tp53 gene in BC patients

Mutation status analysis of exons 4 to 9 in the Tp53 gene showed that for each patient, at least
one type of mutation was detected for all analyzed exons (Table I11). Two insertions mutations
were identified in exon 6, five deletions were detected in exon 8, and three deletions were also
found in exon 9. In addition, the C—A transition was located in intron 7, and an insertion

mutation was shown in intron 9. The majority of detected mutations were found in exon 8 (19



mutations,) followed by exon 6 (4 mutations) and exon 9 (6 mutations). Two types of mutations

were detected in exons 4 and 5. No mutation was detected in exon 7.

Table I11. P53 mutations and polymorphism detected in our sample’s cohort (n=70)

Tp53 gene mutation

Exon/ Codon Amino acid Nucleotide Type of mutation Frequency %

intron change change
4 43 L43M C.127T>A Transversion 57.14%
4 72 R72P €.216C>G Transversion 91.43%
5 181 R181S c.541C>A Transversion 02.85%
5 176 C176R ¢.526T>C Transition 01.43%
6 218 V218G €.653_654insC frameshift 01.43%
6 192 Q192* c.574G>A Transition 01.43%
6 214 H214* €.640 A>G Transition 02.85%
6 221 E221* €.661_663insT frameshift 02.85%

Intron 7 g.7674096 c.782 C>T Transition 80%
8 275 C275S €.823T>A Transversion 01.43%
8 279 G279E €.836C>T Transition 01.43%
8 280 R280Q C.838A>T Transversion 01.43%
8 281 D281G c.842T7>C Transition 24.29%
8 282 R282R c.846C>T Transition 05.71%
8 284 T284* ¢.850delC frameshift 07.14%
8 285 E285K c.853C>T Transition 01.43%
8 286 E286D c.858A>C Transversion 04.29%
8 289 L2891 €.865G>T Transversion 01.43%
8 287 E287k €.859C>T Transition 01.43%
8 292 K292Q c.874T>G Transversion 01.43%
8 294 E294A c.881T>G Transversion 02.85%
8 296 H296L c.887T>A Transversion 08.57%
8 297 H297L c.890T>A Transversion 07.14%
8 299 L299L €.897C>G Transversion 04.29%
8 302 G302G €.906C>G Transversion 02.85%
8 304 T304P c.910T>G Transversion 17.14%
8 305 K305N c.915G>T Transversion 07.14%
8 306 R306* c.916C>T Transition 07.14%
9 307 A307* €.919delA frameshift 04.29%
9 311 N311H c.931A>C Transversion 07.14%
9 322 P322H c.964C>A Transversion 01.43%

9 316 P316S c.946C>T Transition 01.43%



9 312 T312S €.935C>G Transversion 05.71%
Intron 9 g.7673523 €.993+12insC 04.29%

Polymorphism R72P

The R72P polymorphism is the most frequent in exon 4, found in 91.42% cases. Three possible
genotype combinations were detected [pro] Pro/Pro (8.57%), [Arg] Arg/Pro (48.57%) and
[Arg] Arg/Arg (42.86%). Allelic frequencies showed the presence of two alleles, C, and G, in
32.85% and 67.15% of patients respectively (Table VI).

Table VI: Genotypes distribution and allelic frequencies within BC patients

Amino acids /

No. of patients % Allele %
Genotype
P72R
[pro] CC 6 8.57 C 32.85
[Arg] GC 34 48.57 G 67.15
[Arg] GG 30 42.86

Association between Tp53 gene mutation status and clinico-pathological parameters

Exon 4 was the most mutated in 64/70 of the cases, while exons 5, 6, 8, and 9 were mutated in
4.29% (3/70), 8.57% (6/70), 65.71% (46/70) and 15.71% (11/70) of cases, respectively.

A single transition C—A was detected in intron 7 in 80% (56/70) of patients. Generally, the
mutation rate in all exons was higher in NMIBC cases, and high-grade tumors (Table V and
Table 1V).

The correlation between mutations detected in exons encoding for transactivation, DNA
binding, and oligomerization domains and the clinico-pathological outcomes is described in
Table I'V. Mutations found in transactivation and the oligomerization domain were unrelated
to clinical staging and grading (p-value > 0.05). One Association was found between exon 8
mutations and grade with a p-value = 0.034.

Table V. Repartition of Tp53 mutations status according to demographic and environmental

characteristics.

Transactivation DNA binding domain Oligomerization
Parameters N=70 domain Domain
Exon 4 Exon 5 Exon 6 Exon 7 Exon 8 Exon 9
Gender
Male 68 62 (91.18%) 3(4.41%) 6(8.82%) 54 (79.41%) 45 (66.17%) 10 (14.70%)

Female 2 2 (100%) 0 0 2 (100%) 1 (50%) 1 (50%)



Age

<50 1 1 (100%) 0 0 1 (100%) 1 (100%) 1 (100%)
50 -70 44 40 (90.91%) 2(4.54%) 2(454%) 34(77.27%) 28 (63.63%) 9 (20.45%)
>70 25 11 (88%) 1 (4%) 4 (16%) 21 (84%) 17 (68%) 1 (4%)
Smoking

Yes 47 42 (96.43%) 3(6.38%) 5(10.63%) 37 (78.72%) 30 (63.82%) 5 (10.63%)
No 23 22 (85.71%) 0 1(4.34%) 19 (82.60%) 16 (69.56%) 6 (26.08%)

Table V. Association of Tp53 mutations status with clinicopathological parameters.

Transactivation DNA binding domain Oligomerization

Parameters N=70 domain Domain

Exon 4 Exon 5 Exon 6 Exon 7 Exon 8 Exon 9
Stage
<PTI 52 47 (90.38%) 2(3.84%) 6(11.54%) 41 (78.84%) 34 (65.38% 9 (17.30%)
>PT1 18 17 (88.88%) 1 (5.55%) 0 15 (83.33%) 12 (66.66%) 2 (11.11%)
p-value 0.602 0.762 0.136 0.687 0.923 0.540
Grade
Bas grade 27 26 (96.30%) 2 (7.40%) 3(11.11%) 22(81.48%) 14 (51.85%) 5 (18.51%)
Haut grade 43 38 (88.37%) 1(2.32%) 3(6.97%) 34 (79.06%) 32 (74.41%) 6 (13.95%)
p-value 0.284 0.178 0.503 0.903 0.034 0.541

DISCUSSION

In Morocco, bladder cancer ranks ninth in terms of incidence (GLOBOCAN, 2022b). However,
its management affects public health, mainly due to the difficulty of diagnosis and treatment.
BC is usually diagnosed using cystoscopy and cytology. Both methods are limited by poor
detection for low-stage and low-grade tumors (Yafi et al., 2015). Hence the need to develop a
more powerful alternative and to identify new tumor biomarkers will allow the development of
non-invasive tests for the diagnosis, prognosis, and therapeutic management of BC (Kompier
et al., 2010b).

In bladder cancer, the Tp53 mutations is associated with MIBC and high-grade tumors,
indicating a poor prognosis that results in a low survival rate. A study conducted on the
Belarusse population found that alterations affecting p53 were associated only with advanced
tumors, and no alterations were detected in early-stage (pTa) (Smal et al., 2014). These findings
are in discordance with our results; in our cohort, Tp53 mutations were detected in primary

tumors <PT1 and also in advanced tumors (>PT1) (Smal et al., 2014).

In our cohort, the R72P polymorphism was detected in 91.43% of cases; this polymorphism is
the most frequent mutation shown in exon 4 of the Tp53 gene. In this sense, two other studies
have shown that 70% (Schlichtholz, 2004) and 58% (Bodoor et al., 2017) of the studied
populations with BC harbor this polymorphism. These percentages are in agreement with the
theory indicating that the mutated allele is altered during carcinogenesis by inhibiting the



homolog of Tp53, resulting in the inhibition of apoptosis. Another study performed on the
Indian population confirms the association of the R72 polymorphism and BC; they also showed
that the R72P G>C polymorphism with a heterozygous genotype (GC) is associated with a
reduced risk of recurrence compared to the wild type (GG) in patients with NMIBC receiving
BCG treatment (Srivastava et al., 2011). Regarding the L43M mutation detected in exon 4, no
study reports its implication in BC, which is not in line with our research. Some studies showed
that this alteration is involved in multiple cancers, including colorectal cancer and, more
specifically, in pT2 stage tumors of the Taiwanese population (Chang et al., 2019), as well as
in pancreatic adenocarcinoma and non-small cell lung cancer (Lowder et al., 2020; Zhang et
al., 2021).

Alterations in exons 5 and 6 were noted as rare mutations in our cohort. One among these
mutations has been reported to block or destabilize zinc binding; others are known to be
implicated in structural destabilization, especially in the DNA binding domain, and
consequently lead to loss of TP53 function (Martin et al., 2002). Another colorectal cancer
study identified the 9.7674096 (c.782) mutation detected in our cohort in intron 7. Its effect can
be explained by the results of splicing mutations of Tp53 on the expression of transcription
variants. Intron binding, which is manifested by a frameshift, can be the origin of the generation

of a truncated protein (Smeby et al., 2019).

Analysis of the mutational status of exon 8 revealed the highest number of mutations in this
cohort. Nine of these alterations are rarely detected in our population, but all the mutations
detected were present in the IARC database (IARC Tp53
Database http://p53.iarc.fr/TP53GeneVariations.aspx); In addition, another study confirms that
the majority of Tp53 mutations occur in exon 8 in colorectal cancer (Li. X et al., 2015). All
mutations reported in this exon may affect the core domain of the TP53 protein. Among the
mutations frequently found, we have the alteration of residue G281D detected in 17 BC patients
(24.28%); this site is commonly mutated in human cancer, and it has been reported that it
increases the risk of mortality and invasion of the lung cancer cells (Olszewski et al., 2019;
Wright, 2002). In accordance with the data previously reported in this work, it is found that the
T304* and K305 mutations have been previously described in multiple types of cancers, namely
in the case of transitional cell carcinoma of the bladder (Caruana et al., 1997; Zerdoumi et al.,
2017). Furthermore, Maeng et al reported that the R306* alteration is among the Tp53 hotspots,
and this mutation is more predominant in BC (Maeng et al., 2012).


http://p53.iarc.fr/TP53GeneVariations.aspx

Analysis of exon 9 revealed 3 mutations, A307* silent mutation, N311 and T312. A307 variant
was reported in another study concerning Indian patients with squamous cell carcinoma of the
oral cavity (Kannan et al., 1999). N311 mutation is involved in another cancer, such as cortical
adenocarcinoma (Wasserman et al., 2015). At the same time, the T312 alteration was associated

with bladder tumors with T1G3 in the Spanish population (Lépez-Knowles et al., 2006).

There was no significant association between Tp53 mutations in each protein domain and
clinicopathological outcome, except for the correlation between mutations in exon 8 and grade
(p-value = 0.034). Also, p53 alterations in our analysis were seen in 47/52 of patients with
NMIBC and 17/18 of MIBC cases. According to our findings, some previous studies have
demonstrated the association between Tp53 mutations and high-grade invasive tumors (Rentsch
et al., 2017; The Cancer Genome Atlas Research Network, 2014). Other studies have reported
that the p53 pathway is inactivated in most T1G3 bladder tumors and does not predict the

outcome (Lopez-Knowles et al., 2006).

CONCLUSION

In summary, we have evaluated the mutational status of the tumor suppressor Tp53 in the
Moroccan population with BC. Analyse of exons 4 to 9 demonstrated that at least one mutation
was detected for each case in our cohort, with a prevalence of 100%. The P72R polymorphism
in exon 4 was seen in 91.43% of samples. Most of the mutation types found are located in exon
8 of the Tp53 gene. In addition, Tp53 alterations were observed in our specimens' histological
types 47/52 NMIBC and 17/18 MIBC. Only a correlation between mutations in exon 8 and
grade was observed. A larger population study is needed to assess the precise correlation
between Tp53 mutation status and bladder cancer disease. This may affect the findings obtained

in this study and confirm the usefulness of this gene as a biomarker for clinical use.
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Third part: Analysis of promoter
methylation status of 4 genes hTERT,
TWIST1, NID2 and VIM In biopsies

and urine sediments



Introduction:

Epithelial-to-mesenchymal transition is one of the important cellular processes in most cancer
types, including BC. Epithelial cells lose cell-cell junctions and confer motility, migration and
invasive properties to become mesenchymal stem cells. EMT is characterized mainly by a high
expression of various mesenchymal cell markers like the TWIST family, VIM, Snail and ZEB-
1, this is accompanied by a loss of epithelial cell markers such as E-cadherin, Nidogen and
MUCL1 (Zhao et al., 2017; Brabletz et al., 2021).

hTERT, TWIST1, NID2 and VIM promoter genes are hypermethylated in numerous cancers and
involved in EMT and invasion phenotype in BC. Hypermethylation of CpG islands is most
commonly associated with the downregulation of TWIST1, NID2 and VIM genes. However, a
positive correlation between hypermethylation and hTERT gene expression was also reported,
suggesting a more diverse mechanism of epigenetic regulation (Shirahata et al., 2009; Sui et
al., 2013; Yegin et al., 2013).

Epigenetic modifications were reported in BC tumors and parried urine specimens with high
sensitivity and specificity (Li et al., 2016; Fantony et al., 2017). Thus, these genes can be
promising biomarkers that may play an important role in the detection and monitoring of
patients with bladder cancer. The third part of this dissertation aims to analyse the epigenetic
profile of NTERT, TWIST1, NID2 and VIM promoter genes in biopsies and urine-exfoliated cells
in order to assess the possibility of using urine as a matrix to support BC diagnosis and follow-

up.



Evaluation of DNA methylation in
promoter regions of hnTERT, TWIST],
VIM and NID2 genes in Moroccan
bladder cancer patients



V1.5 Evaluation of DNA methylation in promoter regions of hnTERT, TWIST1, VIM and
NID2 genes in Moroccan bladder cancer patients

Human cancers develop due to the accumulation of both genetic and epigenetic changes that

trigger inappropriate activation or inactivation of genes inducing oncogenic transformation.

DNA methylation is an epigenetic mechanism that refers to the covalent addition of a methyl

group to CpG islands. It generally plays a key role in repressing gene expression or inhibiting

the binding of transcription factors to DNA.

Recent studies have demonstrated that epigenetic modifications are implicated in almost every
step of neoplastic cell development and progression. Aberrant methylation of 5> CpG islands
of the gene promoters plays an important role in modifying transcriptional activity in several
types of cancer, including bladder cancer. The main challenge is to identify and select a panel

of genes as potential biomarkers in diagnosis, prognosis and prediction of response to therapy.

The aim of this paper is to investigate the methylation patterns in the promoter regions of
hTERT, VIM, TWIST1 and NID2 genes in Moroccan bladder cancer patients and to evaluate
their potential use as epigenetic biomarkers for bladder cancer management. All these genes
have been reported to promote the Epithelial-Mesenchymal Transition and may play a key role
in various cellular functions, such as cell migration and invasion, adhesion and mortality and

also promote resistance to various cell stressors.

MSP assay performed on 70 DNAs extracted from BC biopsies revelated that those four genes,
hTERT, TWIST1, VIM and NID2, were frequently hypermethylated. Promoter hypermethylation
of all these genes has occurred in all pathological grades and stages of bladder cancer indicating
their use as promising prognostic and predictive biomarkers in bladder cancer. Moreover,
hypermethylation in hTERT, TWIST1, VIM and NID2 promoter genes may be an attractive
therapeutic target, more useful than conventional molecular markers, for the treatment and

prevention of bladder cancer progression and metastasis.
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Promoter hypermethylation have been reported to play a key role in bladder cancer development and
progression. The aim of this study is to evaluate the methylation status of hTERT, TWIST1, VIM and NID2
genes in bladder cancer. The methylation status was evaluated using the Methylation-Specific PCR (MSP)
approach on 70 tumour biopsies from Moroccan bladder cancer patients. Overall, methylation frequencies
of hTERT, TWIST1, VIM and NID2 genes, were 90%, 85.71%, 67.14% and 67.14%, respectively. Hypermethyla-

Keywords: tion of all studied genes was found in all pathological grades and stages of bladder cancer. Nevertheless,

Epigenetics statistical analysis showed no significant association between promoter methylation of hTERT, TWISTI,

DNA methylation VIM and NID2 genes and tumours stage/grade (p value =0.05). Moreover, we have investigated the asso-

::ad#elr cancer ific PR ciation between the methylation pattern of selected genes and the treatment outcome in a sub-group of

Reitur);:lzlcin specihic non-muscle-invasive bladder cancer cases (52/70). Hypermethylation of hTERT, TWIST1, VIM and NID2 was
detected in 83.34%; 66.67%, 83.34% and 58.34% of recurrent cases, respectively, and in 80%; 80%; 80% and
60% of progressive cases, respectively. Statistical analysis highlighted a significant association between
TWIST! hypermethylation and tumour recurrence (p = 0.041<0.05).

Our results indicate that hypermethylation of hTERT, TWIST1, VIM and NID2 genes is a frequent epi-
genetic event in bladder cancer and could be a promising therapeutic target to prevent bladder cancer
progression and metastasis.
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Introduction pending on the tumour stage. Unfortunately, 70% of NMIBC cases

Bladder cancer (BC) is the ninth most common cancer in the
world accounting for approximately 420,000 new cases each year,
and the fourth most commonly diagnosed cancer in men [1]. In
Morocco, according to the regional cancer register of Casablanca,
the incidence of bladder cancer reached 3.7 per 100,000 persons
[2]. Worldwide, most patients are diagnosed with non-muscle-
invasive bladder cancer (NMIBC) and have a good prognosis [1].
Patients with muscle-invasive bladder cancer (MIBC) have a poor
prognosis, with a 5-year survival rate ranging from 10 to 50% de-
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will recur after transurethral resection and 10-20% will eventually
progress to MIBC [3].

Currently, bladder cancer diagnosis is mainly based on cys-
toscopy and urine cytology. Cystoscopy identifies most lesions
and provides essential prognostic information, but it is an inva-
sive procedure and shows insufficient power to predict precisely
the patient outcome. Urine cytology is the standard non-invasive
method for BC detection and disease monitoring. However, this
method lacks sensitivity (35%), especially for low grades and stages
[4].

Recently, cancer management have known a great evolution at
both conceptual and methodological levels using different tech-
nological approaches and based on a wide range of molecular
biomarkers that could be used in the cancer diagnosis, for progno-
sis andfor as therapeutic targets. These biomarkers have made an
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outstanding contribution to our understanding of cancer initiation,
development and progression [5].

Scientific evidence has shown that epigenetic events play a key
role in the development of human cancer. Accordingly, a great in-
terest was given to study the epigenetic modifications highlighting
the critical role of epigenetic mechanisms in normal cellular pro-
cesses and the abnormal events that lead to diseases, most notably
to cancer. Epigenetic alterations, such as DNA methylation, are fre-
quently observed in tumors [6].

DNA methylation is a covalent modification allowing the fixa-
tion of a methyl group to the 5th carbon of the cytosine ring of a
CpG dinucleotide in the promoter region of a gene, playing a cru-
cial role in the regulation and control of gene expression [7]. In
bladder cancer, as for other types of cancers, CpG islands hyperme-
thylation of gene promoters is considered as a major modification
involved in carcinogenesis process and exhibit a strong correlation
with clinical-pathological parameters such as tumours stage, grade,
recurrence and progression [8].

In bladder cancer, scientific evidence has shown that some
genes including hTERT, TWIST1, VIM and NID2 play an important
role in cancer development and are involved in many cellular func-
tion that favour cancer promotion and progression [9,10].

A defining feature of cancer cells is replicative immortality at-
tained by telomerase reactivation [11]. Telomerase reactivation in
cancer is often related to the methylation of catalytic subunit of
the telomerase complex (TERT) and more specifically, a region lo-
cated on gene promoter, termed THOR (TERT Hypermethylated On-
cological Region). THOR hypermethylation is widely reported in
many cancer types, including prostate, breast, blood and colon can-
cers [12].

TWISTT is a highly conserved transcription factor belonging to
the family of basic helix-loop-helix proteins. It is involved in
epithelial-mesenchymal transition (EMT) regulation, allowing can-
cer cell migration and invasion. TWISTI contributes to dissemi-
nation of cells from premalignant lesions by EMT promotion and
apoptosis inhibition; it confers the ability of a cell to self-renew
and induces angiogenesis and chromosomal instability. TWIST1 is
known to be hypermethylated in various tumour types including
colorectal [13] and breast cancer [14].

Of particular interest, TWISTI hypermethylation was also re-
ported in BC cases and was well appreciated for cancer stratifica-
tion and the overall cancer-specific survival evaluation [15].

VIM gene is reported as an important mesenchymal marker and
plays a key role in the EMT in malignant tumours with regard to
cellular adhesion, migration and signalling [16]. Down-regulation
of VIM is well documented and many studies have reported that
VIM is silenced through aberrant promoter hyper-methylation in
oesophageal, gastric and colon cancers [17, 18]. Of particular inter-
est, the methylation level in VIM gene promoter was significantly
higher in BC tissues, compared to normal bladder mucosa, and was
therefore suggested as a potential biomarker for early detection of
bladder cancer [19].

NID2 is a member of Nidogen family proteins playing an im-
portant role in the maintenance of the structural integrity of base-
ment membranes and setting up a barrier for cell movement, mi-
gration and invasion. Its involvement in cell differentiation, prolif-
eration and survival makes this protein a key factor in cancer de-
velopment. Several studies have suggested that NID2 is a tumour-
suppressor gene. Its loss contributes to the development and pro-
gression of cancer, stimulates the weakened of the cell-cell inter-
action and favours metastasis and invasion [20-22].

The present study was planned to evaluate the methylation sta-
tus of hTERT, TWISTI, VIM and NID2 genes' promoters in BC sam-
ples from Moroccan patients and to evaluate their potential use as
epigenetic biomarkers for bladder cancer management in Morocco.
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Material and methods
Patients and study design

A total of 70 patients with BC were recruited between Septem-
ber 2017 and June 2018 in the Urology Department of the Uni-
versity Military Hospital Mohammed V in Rabat - Morocco. Each
biopsy was cut into two parts; one part was used for anatomy-
pathological diagnosis and the other one was kept at

—80 °C for molecular biology explorations. Staging and grading
were done according to the TNM classification (NMIBC includes Ta,
T1, and Tis; and MIBC includes T2, T3, and T4) and World Health
Organization criteria. All patients were followed up in accordance
with standard recommendations. Recurrence was defined as reap-
pearance of primary NMIBC with a lower or the same pathological
stage, and progression was defined as a disease with a higher TNM
stage upon relapse [3].

The study protocol was approved by the Ethics Committee for
Biomedical Research, Faculty of Medicine and Pharmacy of Rabat -
Morocco (Ref 82/19), and written informed consent was obtained
from each patient.

Genomic DNA extraction

Genomic DNA was extracted from fresh frozen tumours us-
ing phenol/chloroform method. All extracted DNAs were quantified
with a NanoDrop™ 2000 Spectrophotometer (Thermo Fisher Sci-
entific, Waltham, MA, USA). DNA samples were used immediately
or stored at —20 °C until use.

Sodium bisulfite modification

Genomic DNA extracted from tumours was subjected to sodium
bisulfite treatment to convert all unmethylated cytosine to uracil
and keep the methylated cytosines unchanged. Sodium bisulfite
treatment and DNA purification was performed using EZ DNA
Methylation™ Kit (Zymo Research, CA, USA). Briefly, 500 ng of
DNA was diluted in a final volume of 50 pl containing 5 pl of
dilution buffer and 45 pl of sterile water, 100 pl of conversion
reagent were added and mixtures were incubated during 12-16 h
at 50 °C in the dark. Modified DNA was finally desulphoneted us-
ing desulphonation buffer and recovered in 10 pl of elution buffer
[23].

Methylation-specific PCR (M5P)

The modified DNA was subject to methylation-specific PCR
(MSP) using unmethylation-specific and methylation-specific
primers (Table 1). The amplification reaction was carried out in
a final volume of 25 pl containing 2 pl of modified DNA, 1X PCR
buffer, 1.5 mM MgCl,, 10 pM of each dNTP, 10 pM of each primer
and 1 U Platinum Taq Polymerase (Invitrogen, USA). PCR reactions
were performed in thermal cycler (Gene Amp, PCR system 9700,
Applied Bio system). Mixtures were first denatured at

95 °C for 10 min. Then, 40 cycles of PCR were performed with
denaturation at 95 °C for 30 s, primer annealing for 45 s at the
corresponding temperature (Table 1) and primer extension for 45 s
at

72 °C. At the end of the last cycle, the mixtures were incu-
bated at 72 °C for additional 10 min. For every reaction a negative
control, in which DNA template was omitted from the amplifica-
tion mixture, was included. PCR products were analysed by elec-
trophoresis on 2% agarose gel followed by staining with ethidium
bromide (10 mg/ml).
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Table 1
Primers and annealing temperatures for Methylation Specific PCR.
Gene Forward Primer 5' - 3' Reverse Primer 5" -~ 3" Product size(bp)  Tm °C
hTERT M GAGGTATTTCGGGAGGTTTCGC ACTCCGAACACCACGAATACCG 121 58
U GGGAGGTATTTTGGGAGGTTTTGT  CAAACTCCAAACACCACAAATACCA 126 58
TWISTI M CCGTCGCCTTCCTCCGACGA TGCGTTAGGGTTCGGGGGCGT 100 64
u TTGGATGGGGTTGTTATTGT CCTAACCCAAACAACCAACC 79 63
VIM M TTATAAAAATAGCGTTTTCGGC ATAACGCGAACTAACTCCCG 143 59
U GGGTTATAAAAATAGTGTTTTTGGT — ACAATAACACAAACTAACTCCCA 149 57
NID2 M  TAGTATTGGTAACGACGATAGTATC  AAATTCGAAACTAACGCGACACG 141 58
u TAGTATTGGTAATGATGATAGTATT AAATTCAAAACTAACACAACACA 141 55

Table 2

Tumour characteristics of bladder cancer patients.
Parameter Total cases  Percentage (%)
Tumour stage
=PT1 52 743
= PT1 18 25.7
Tumour grade
Low grade 27 386
High grade 43 614
Tumour recurrence
Yes 12 231
No 40 76.9
Tumour progression
Yes 5 9.6
No 47 904

Statistical analysis

Hypermethylation status of gene promoters in tumour biopsies
was statistically evaluated using percentages and confidence inter-
vals (CI) of 95%. The correlation between hypermethylation and
clinico-histopathological parameters (tumours stage, grade, recur-
rence and progression) was evaluated using chi-squared test (y2
test). p Values < 0.05 were considered statistically significant. Both
statistical analyses were performed using IBM SPSS software ver-
sion 23.

Results
Characteristics of the study population

Amongst the 70 recruited patients, 68 were male and only 2
were female with a sex ratio of 34. The mean age of patients was
67 years, ranging from 47 to 85 years. Clinico-pathological char-
acteristics of tumour specimens are summarized in Table 2 and
showed that most cases were staged <PT1 (74.3%) and have high
tumour grade (61.4%). Amongst NMIBC cases, 23.1% recurred and
9.6% progressed upon relapse (Table 2).

Evaluation of the methylation status of selected genes in bladder
cancer biopsies

Overall, hypermethylation was found in all patients in at least
one of the studied genes, hTERT promoter region being the most
methylated one; DNA hypermethylation was reported in 90%
[80.5-95.9] of cases (Table 3). Hypermethylation of TWISTI, VIM
and NID2 promoters were reported in 85.7% [75.3-92.9], 67.1%
[54.9-779] and 67.1% [54.9-77.9], respectively.

Distribution of promoter's hypermethylation and clinico-
pathological features was also assessed and is reported in Table 3.
For the studied genes, promoter's hypermethylation was found in
both high and low grades cases. Indeed, hTERT methylation was re-
ported in 90.7% of high grade cases (39/43) and in 88.9% in low
grade cases (24/27). For TWIST1, VIM and NID2 genes, methylation
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was reported in 88.4% (38/43), 69.8% (30/43) and 69.8% (30/43) of
high grade cases, respectively and in 81.5% (22/27), 63.0% (17/27)
and 63.0% (17/27) of low grade cases respectively.

Statistical analysis showed no significant association between
hypermethylation of hTERT, TWISTI, VIM and NID2 gene promoters
and tumours grade (p =0.05) (Table 3).

In this study, most hypermethylated cases were diagnosed with
low tumour stages (= PT1). In fact, hTERT hypermethylation was
reported in 90.4% (47/52) and TWIST! hypermethylation in 86.5%
(45/52) of low stage cases. For VIM and NID2, hypermethylation of
their promoters was reported in 69.2% (36/52) and 61.5% (32/52)
of low stages cases, respectively. Nevertheless, statistical analy-
sis showed no significant association between hypermethylation of
hTERT, TWIST], VIM and NID2 gene promoters and tumours stage (p
=0.05) (Table 3).

Association between the methylation status and bladder cancer
recurrence

In this study, tumour recurrence and progression were studied
only for NMIBC cases (52/70). Overall, 12 cases showed tumour re-
currence and 5 were relapsed with tumour progression (Table 4).
Amongst the 12 recurrent cases, 10 have shown hypermethyla-
tion of hTERT promoter region (83.3%) and 10 have shown hy-
permethylation of VIM promoter region (83.3%). Hypermethylation
of TWISTI and NID2 was reported in 8 cases (66.7%) and 7 cases
(58.3%), respectively. Statistical analysis showed a significant asso-
ciation between TWIST1 promoter methylation and bladder cancer
recurrence (p = 0.041) (Table 4).

Hypermethylation was also reported in progressive cases. In-
deed, hypermethylation of hTERT, TWISTI, VIM and NID2 promoters
was reported in 4 (80%), 4 (80%), 4 (80%) and 3 cases (60%). Sta-
tistical analysis showed no significant association between hyper-
methylation of hTERT, TWISTI, VIM and NID2 gene promoters and
tumour progression (p =0.05) (Table 4).

Discussion

During last decades, molecular genetics has known a great evo-
lution at both conceptual and methodological levels, using new de-
veloped approaches and recent technical advances. In this field,
targeted therapy, based on the evaluation of various biomarkers,
has revolutionized the cancer therapy and is widely used in the
routine management of all types of cancer. Currently, a growing in-
terest is given to the identification and evaluation of new biomark-
ers that could be used in cancer diagnosis, prognosis andjor as
therapeutic targets [24, 25].

In this study, the methylation status of the promoter regions of
hTERT, TWISTI, VIM and NID2 genes has been evaluated in tumour
specimens from Moroccan patients with BC. Aberrant methylation
patterns have been associated with cancer development, chronic
inflammation and ageing and have been reported to be involved in
both the disease development and progression [6].
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Table 3
Distribution of promoter’s hypermethylation according to clinicopathological results.
hTERT TWIST1 ViM NiD2
Parameter
+(%) - (%) +(%) - (%) + (%) - (%) + (%) - (%)
clinical stage
= PT1 52 47(904) 5(96) 45 (86.5)  7(135) 36 (69.2) 16(30.8) 32(61.5) 20(38.35)
=PT1 18 16(88.9) 2(11.1) 15(833) 3(167) 11(61.1) 7 (389) 15(83.3) 3(16.7)
p value 0.582 0.947 0.306 0.122
Tumour grade
Low grade 27 24(889) 3(11.1) 22(81.5) 5(185) 17 (63.0) 10(37.0) 17(63.0) 10(37.0)
High grade 43  39(90.7) 4(93) 38 (884) 5(11.6) 30 (69.8) 13(302) 30(69.8) 13(30.2)
p value 0.627 0.452 0.253 0.782
Total 70 63 (90) 7(10) 60 (85.7) 10(143) 47(67.1) 23(329) 47(67.1) 23(329)
Table 4
Distribution of promoter's hypermethylation according to the recurrence status.
HTERT TWIST1 ViM NID2
Parameter
+ (%) - (%) + (%) - (%) + (%) - (%) + (%) - (%)
Tumourrecurrence
Yes 12 10(833) 2(16.7) 8 (66.7) 4(333) 10 (83.3) 2(16.7) 7(58.3) 5(41.7)
No 40 37 (92.5) 3(7.5) 37 (92.5) 3(7.5) 26 (65) 14 (35) 25 (62.5) 15 (37.5)
p value 0.135 0.041 0.352 0.369
Tumourprogression
Yes 5 4 (80) 1(20) 4 (80) 1(20) 4(80) 1(20) 3 (60) 2 (40)
No 47 43(91.5) 4(8.5) 41(87.2) 6(12.8) 32 (68.1) 15 (31.9) 29 (61.7) 18 (38.3)
p value 0332 0.657 0.568 0.695
Total 52 47 (904) 5(9.6) 45 (86.5) 7(13.5) 36 (69.2) 16 (30.8) 32 (61.5) 20 (38.5)

hTERT, TWISTI, VIM and NID2 genes were selected for their
implication in the cell division and in the mechanism of the
epithelial-mesenchymal transition (EMT), playing a key role in tu-
morigenesis [10,16].

In this genes' panel, 100% of diagnostic coverage in all tumours’
grades and stages was obtained. Overall, 90% of BC cases were hy-
permethylated in hTERT gene and 85.7% in TWISTI gene, whereas
VIM and NID2 genes have shown a hypermethylation status in
67.1% each.

In this study, hTERT was found to be the most frequent hy-
permethylated gene which is in agreement with a previously re-
ported data showing a significant association between THOR hy-
permethylation and bladder cancer risk, providing a novel insight
into telomere biology in cancer [9].

In this investigation, TWIST] hypermethylation was detected
in 85.1% of Moroccan bladder cancer cases. Hypermethylation of
TWIST1 gene promoter is widely discussed and documented, and
several studies have reported a high prevalence of TWIST1 pro-
moter hypermethylation in many cancers, including bladder cancer
[10] and cervical neoplastic [26].

Several studies have investigated VIM promoter hypermethyla-
tion status in human cancers, including colorectal, gastric, blad-
der, pancreatic and cervical cancer, for their association with can-
cer development and promotion and results were controversial.
High hypermethylation frequencies were reported in gastric car-
cinoma [18], colorectal carcinoma [17] and bladder cancer [21],
highlighting the important role of VIM gene in the epithelial-
mesenchymal transition with regard to cellular adhesion, migra-
tion and signalling, which are generally considered as charac-
teristics of cancer cells [16]. In contrast, a lower frequency of
VIM promoter hypermethylation was reported in pancreatic can-
cer [22], which may be due to another genetic and/or epige-
netic alterations underlining the multifactorial causes of cancer
disease.

In this study, NID2 gene hypermethylation was obtained in
67.1% of BC cases. Higher methylation frequencies were reported
in bladder cancer cases from Turkish patients [10]. Abnormal NID2
promoter hypermethylation was also reported in breast cancer
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[27] and in gastric cancer [28]. Of particular interest, Wang et al.
have shown that NID2 methylation reduces the protein expression
level and promotes the development of lung cancer. Moreover, ex-
perimental analysis on mice showed that NID2 over-expressing or
demethylation in lung cancer cells inhibited the tumorigenesis of
lung cancer, highlighting the key role of NID2 silencing in cancer
development [29].

Hypermethylation of hTERT, TWISTI, VIM and NID2Z genes was
found in both high and low tumour grade and in both high and
low cancer stage with no significant difference. In such studies, the
interest was usually given on the evaluation of the association be-
tween the methylation profiles and pathological parameters such
as the tumour stage and grade. Our results are in agreement with
findings of previous study that has also reported no association be-
tween TWIST] and NID2 hypermethylation and pathological param-
eters [10].

In this study, we have also investigated the association between
the methylation pattern of these genes and the treatment out-
come in NMIBC cases (52/70). Hypermethylation of hTERT, TWISTI,
VIM and NID2 was detected in 83.3% (10/12); 66.7% (8/12); 83.3%
(10/12); 58.3% (7/12) of recurrent cases, respectively, and in 80%
(4/5); 80% (4/5); 80% (4/5); 60% (3/5) of progressive cases re-
spectively, with a significant association between TWISTI hyper-
methylation and tumour recurrence (P = 0.041). These results are
in agreement with data reported by Reinert et al. showing that
the methylation level of TWIST]1 gene is a promising diagnos-
tic biomarker for bladder cancer recurrence [30] and suggesting
that TWIST1 hypermethylation can be considered as a prognostic
biomarker for bladder cancer recurrence.

Epigenetics alterations such DNA methylation is a reversible
event. This interesting property is of a great interest in the identi-
fication of promising and attractive biomarkers that could be used
in cancer treatment. As such, many assays using de-methylating
agents are widely used to re-express the methylation gene and re-
store the physiological function.

Overall, hypermethylation of hTERT, TWISTI, VIM and NID2 is a
frequent epigenetic event in bladder cancer, suggesting an abnor-
mality of the methylation mechanism in the cancer cells which-
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could be a promising therapeutic target to prevent bladder cancer
progression and metastasis.
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V1.6 Exploring urine sediments as a non-invasive method for DNA methylation detection
in bladder cancer
Urine cytology coupled with cystoscopy examination remains the mainstay test for diagnosis
and surveillance of BC. Cystoscopy is an endoscopic procedure that provides information on
the number, microscopic appearance and size of the tumour, it has good sensitivity but can also
give a “false negative” result due to operator error or for tumors with small diameters, such as
carcinoma in situ. A urine cytology test is performed on fresh or fixed urine specimens to look
for abnormal cells; it has inversely a high specificity but low sensitivity, especially for low-

grade tumors.

It is, therefore, necessary to use a molecular approach using urine as a non-invasive test to check
many different physiological and pathological processes. In fact, proteins present in the urine
may reflect a disorder of cells of the urinary tract, but also other dysfunctions by the passage of
the majority of proteins from the blood into the urine during glomerular filtration. Many genetic
and epigenetic markers have been identified for detecting and monitoring bladder cancer, and

several urine assays and tests have already been developed for detecting some of these markers.

For this work, we have focused on determining the methylation status of a panel of genes
promoters that is shown to be involved in bladder cancer in tumors biopsies and their paired
urine exfoliated cells in order to evaluate the usefulness of urine samples as matrix for non-

invasive test for methylation status assessment.

Our study demonstrates that the detection in voided urine samples of a set of four
hypermethylated genes TWIST1, hTERT, NID2 and VIM is highly sensitive (>>82.8%) with
excellent specificity (100%). This suggests that these four methylated biomarkers are ideally
suitable for a non-invasive urine-based alternative method for the detection of BC disease,

including low-grade and low-stage tumours.

The use of urinary biomarkers has potential value and facilitates not only diagnosis but also
monitoring of this disease. It also plays a crucial role in reducing or replacing the need for
invasive cystoscopy and associated health care costs. Surveillance biomarkers can be used to
prevent the recurrence and progression of NMIBC and to predict therapeutic response in
bladder cancer after intravesical instillation, neoadjuvant chemotherapy or adjuvant

chemotherapy.
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Abstract

Background: The main epigenetic event occurring during the bladder carcinogenesis process is DNA methylation,
affecting genes involved in various metabolic pathways and cell requiation. The use of biological fluids such as urine
sediments could be used as a non-invasive approach to enhance bladder cancer management. In this study, we aim
to determine the promoter methylation status of a panel of genes in bladder cancer on tumor biopsies and urine
sediments to evaluate the usefulness of urine samples as a non-invasive approach for methylation status assessment.
Methods: Using the methylation-specific PCR technique, we explored the promoter methylation status of ATERT,
TWIST], VIM and NID2 genes in 40 tumor biopsies and their paired urine samples from Moroccan bladder cancer
patients.

Results: In this study, bladder tumors showed promoter hypermethylation frequency of individual genes as 90%,
85%, 62.5% and 72.5% in TWISTT, ATERT, MID2 and VIM genes, respectively.

Interestingly, the specificity of methylation detection in urine samples was 100% and the sensitivity to detect hyper-
methylation of TWIST], ATERT, NID2 and VIM genes reached 91.7%; 97.1%; 84% and 82.8%, respectively.
Conclusions: Our results clearly show that the assessment of promoter hypermethylation in urine samples is highly
specific and has high sensitivity, Furthermore, urine sediments would be a useful approach to detect the DNA meth-

ylation status of genes and its potential association with bladder cancer development.
Keywords: DNA methylation, Non-invasive test, Bladder cancer, Urine sediments

1 Background
Worldwide bladder cancer (BC) is the tenth most com-
monly diagnosed cancer, with approximately 570,000
new cases per year and more than 210,000 deaths annu-
ally [1].

Currently, BC modalities for diagnosis and follow-up
are cystoscopy and urine cytology; Cystoscopy is highly
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sensitive for most tumors but it may fail to identify
smaller and flat tumors such as in situ carcinoma. More-
over, it is an expensive and an invasive procedure that
shows insufficient power to predict precisely the patient
outcome. Conversely, urinary cytology is a noninvasive
and highly specific modality, but it has a poor sensitivity
for low-grade and well-differentiated lesions [2]. There-
fore, other non-invasive, rapid and accurate alterna-
tives with high sensitivity and specificity are needed to
improve the BC management.

In the recent years, extensive efforts are made to iden-
tify a molecular signature of BC to improve patients'
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treatments and prognosis prediction. In this context,
many epigenetic changes have been reported to corre-
late with cancer malignancy and progression. The main
epigenetic event occurring during the bladder carcino-
genesis process is DNA methylation; which affects genes
involved in various metabolic pathways and cells regu-
lation [3]. Furthermore, the use of biological fluids such
as urine sediments has attracted much attention as a
non-invasive method of bladder cancer detection and
surveillance.

Accordingly, several studies have shown that urine
fluid is a reliable matrix to detect molecular alterations
in all stages and grades of bladder cancer [4], and could
be used as a non-invasive approach to identify a molecu-
lar signature for enhancing bladder cancer management
[5]. In this optic, the present study was planned to evalu-
ate the promoter methylation status of a panel of genes
known for their involvement in bladder carcinogenesis,
in tumor biopsies and their paired urine sediments to
assess the usefulness of urine samples as a non-invasive
approach of promoters’ methylation detection and blad-
der cancer management.

2 Methods

2.1 Specimens

A total of 40 fresh frozen tumor samples were obtained
by transurethral resection of the bladder or cystoscopy
at the Urology Department of University Military Hos-
pital in Rabat, Morocco and paired urine samples were
obtained before surgery from every patient. The protocol
of the study was approved by the Ethics Committee for
Biomedical Research, Faculty of Medicine and Pharmacy
of Rabat — Morocco (Ref 82/19) and written informed
consent was obtained from each recruited patient.

2.2 Methylation specific PCR (MSP)

Tissue specimens were immediately stored at — 80 °C.
The voided urines (50 mL fresh urines) were spun down
by centrifugation at 4500 g for 15 min, and the pelleted
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urine sediments were washed twice with phosphate buft-
ered saline (PBS) and stored at — 80 °C. Genomic DNA
was extracted from fresh tumor biopsies and urine cell
sediments using phenol/chloroform method [6]. Then,
500 ng of genomic DNA extracted from each sample was
used for bisulfite modification as previously described
[7]. The Sodium bisulfite modification and DNA purifi-
cation were carried out by the EZ DNA Methylation Kit
(Zymo Research, USA). The modified DNA was subject
to methylation-specific PCR (MSP) using methylation-
specific and unmethylation-specific primers of a panel
of genes “TWIST1, hTERT, VIM and NID2" [8-11]. The
amplification reaction was carried out in a final vol-
ume of 25 pl containing 2 pl of modified DNA, 1X PCR
buffer, 1.5 mM MgCl,, 10 uM of each dNTP, 10 uM of
each primer and 1U Platinum Taq Polymerase (Invit-
rogen, USA). Mixtures were first denatured at 95 °C for
10 min. Then, 40 cycles of PCR were performed with
denaturation at 95 °C for 30 s, primer annealing for 45 s
at the corresponding temperature (Table 1) and primer
extension for 45 s at 72 °C. At the end of the cycles, mix-
tures incubation was carried out at 72 °C for 10 min. A
negative control, in which DNA was omitted from the
amplification mix, was included in each reaction. PCR
products were analyzed by electrophoresis on 2% agarose
gel followed by staining with ethidium bromide (10 mg/
ml). The sensitivity reflects the fraction of patients in
which the urine DNA was methylated among cases with
methylation in matched tumor DNA of the same gene
promoter. The specificity reflects the number of methyl-
ated tumor biopsies among cases showing methylation in
matched urine DNA of the same gene promoter.

2.3 Statistical analysis

The hypermethylation status of genes promoters in
tumor biopsies and urine sediments was statistically eval-
uated using percentages and confidence intervals (CI) of
95% by IBM SPSS software version 23.

Table 1 Genes primers and corresponding annealing temperatures for MSP

Gene Forward (5'->3') Reverse (5'->3’) Product size Tm (°C)
(pb)

TWISTI M CCGTCGCCTTCCTCCGACGA TGCGTTAGGGTTCGGGGGCGT 100 64

U TTGGATGGGGTTGTTATTGT CCTAACCCAAACAACCAACC 79 63
hTERT M GAGGTATTTCGGGAGGTTTCGC ACTCCGAACACCACGAATACCG 121 58

U GGGAGGTATTTTGGGAGGTTTIGT CAAACTCCAAACACCACAAATACCA 126 58
NID2 M TAGTATTGGTAACGACGATAGTATC AAATTCGAAACTAACGCGACACG 141 58

U TAGTATTGGTAATGATGATAGTATT AAATTCAAAACTAACACAACACA 141 55
ViM M TTATAAAAATAGCGTTTTCGGC ATAACGCGAACTAACTCCCG 143 59

u GGGTTATAAAAATAGTGTTTTTGGT ACAATAACACAAACTAACTCCCA 149 57
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Table 2 Tumor characteristics of recruited cases

Parameter Total cases Percentage (%)
Gender

Male 2 975
Female 1 25
Age

=50 1 25
50-70 24 60
=70 15 375
Smoking

Yes 22 55
No 18 45
Tumor stage

=M 30 75
>PT1 10 25
Tumor grade

Low grade 14 35
High grade 26 65

Table 3 Comparison between methylation status in bladder
biopsies and voided urine sediments

Genes Hypermethylation Hypermethylation Sensitivity % (95%
detection in fresh  detection Inurine  Cl)
tumor blopsies sediments

N % [95% ClI] N % [95%Cl]

TWISTT 36 90[763-972] 33 825[67.2-92.7] 91.7[775-982]
MERT 34 85[702-943] 33 825([67.2-927] 97.1[84.7-999]
NID2 25 625[458-773] 21 525[36.1-685] 84[63.9-955]
VM 29 725[56.1-854] 24 60[433-751] 828[64.2-94.2]

Cl=confidence interval

3 Results

Clinico-pathological characteristics of tumor specimens
are summarized in Table 2. The mean age of patients was
67 years, ranging from 47 to 84 years. The most recruited
cases were staged<PT1 and have high tumor grade
(Table 2).

Promoter’s methylation was assessed in tumor biop-
sies and matched urine sediments from all patients and
results are summarized in Table 3. Globally, DNA hyper-
methylation was found in all bladder tumor biopsies in
at least one of the studied genes. Comparison between
hypermethylation of the studied genes in bladder biop-
sies and paired urine sediments, showed that all cases
with hypermethylation in DNA from urine sediments
have an aberrant methylation in the corresponding DNA
from bladder biopsies; suggesting a specificity of meth-
ylation detection in urine sediments of 100%.
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In this study, the sensitivity of hypermethylation
detection in urine sediments was different according to
the studied gene. It was higher for hTERT 97.1% [95%
Cl=775-982] and lower for vIM gene 82.8% [95%
CI=64.2-94.2] (Table 3).

4 Discussion

Recent advances in oncology research report that molec-
ular signature of tumors is a key factor for cancer strati-
fication, personalized therapy and a reliable prognosis
[12]. Molecular characterization of tumors is mainly
based on the assessment of genetic alterations leading
to genetic activation/inactivation and cellular pathways
deregulation.

During last decade, a great interest was given to DNA
methylation changes as the main epigenetic event asso-
ciated with cancer development and progression [13]. In
bladder cancer, DNA hypermethylation have been used
as targets for detection and diagnosis of tumor cells in
clinical specimens such as tissue biopsies and urine sedi-
ments [4].

In this study, we have used MSP assay to assess the
promoter methylation status of a panel of genes in both
tumor biopsies and urine sediments DNA from Moroc-
can patients with bladder cancer. The interest was
focused on, TWISTI, hTERT, NID2 and VIM genes for
their implication in many cellular pathways and their
widely reported data as highly methylated genes in blad-
der cancer [14-17].

In this study, bladder tumors showed promoter hyper-
methylation frequency of individual genes as 90%, 85%,
62.5% and 72.5% in TWISTI, hTERT, NID2 and VIM
genes, respectively.

These findings are in good agreement with already
reported data on Moroccan patients [17]. Of interest,
medium frequency of TERT (53%) and high frequency of
TWISTI (98%) promoters’ methylation in BC were reported
by Ledo et al. [14] and Yegin et al. [16], respectively.

The methylation study of each gene promoter was
extended to the matched urine sediment DNA for all
studied patients. Overall, the promoter hypermethyla-
tion for at least one gene was detected in 39 analyzed
samples; thereby the detection coverage of methylation
in urine reached 97.5% [95% CI=86.8-99.9]. Interest-
ingly, the sensitivity of TWISTI and TERT promoters’
hypermethylation detection in urine samples was higher;
reaching 91.7% and 97.1%, respectively. These results are
supported by Yegin et al. (2013) and Vinci et al. (2011),
who showed that TWiISTI and TERT hypermethylation
have high sensitivities (87.5% and 76%, respectively) and
specificities (93.3% and 100%, respectively) for blad-
der cancer detection in urine sediments [16, 18]. Similar
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results were reported by Renard et al. (2010) that have
identified high sensitivity and specificity (90% and 93%,
respectively) of TWIST1 methylation detection in urine
sediments [19].

In this study, sensitivity of detecting NID2 and VIM
hypermethylation in urine sediments was 84% and 82.8%,
respectively. These results are slightly different from
those reported by Yegin et al. (2013) and Costa et al.
(2010), showing higher sensitivity frequencies (95.8% and
96%, respectively) in urinary bladder cancer patients [16,
20]. This difference could be due to the smaller cohort
in our study. Scientific evidences have shown that the
urine DNA is presumably shed from the original pri-
mary tumor or neoplastic lesions in the bladder wall, and
consequently genetic and epigenetic alterations in urine
sediments will reflect the whole situation in the blad-
der tumors’ tissues. Moreover, DNA methylation assess-
ment in urine sediments has much significant potential
added value for clinicians and patients: (1) a non-inva-
sive approach; (2) reducing the number of cystoscopies
required for the diagnosis and surveillance of bladder
cancer and (3) saving time and budget.

In this study, of particular interest, a specificity of
100% was obtained for the all studied genes. Indeed,
the methylation was only detected in those patients
whose tumor tissue also showed gene promoter meth-
ylation, and consequently no false-positive result was
detected, with 100% specificity for all the studied genes.
These results are of a great interest and highlighted
the interest of using urine sediments for biomarkers’
assessment.

This study is very informative and clearly highlights the
usefulness of urine sediment as a valuable and non-inva-
sive matrix for epigenetic studies. However, there were
several limitations due to the use of the MSP technique
which identifies only the qualitative level of DNA meth-
ylation and to the small scale of our study cohort. Further
studies on a large population are necessary to confirm the
obtained results.

5 Conclusions

Our investigation clearly showed that promoters’ hyper-
methylation assessment in non-invasive urine samples
is highly specific, shows a great sensitivity, and would
be a useful approach for studying epigenetic altera-
tions and their potential association with bladder cancer
development.
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VI1. Discussion

Bladder cancer is the second most commonly urological cancer in the world after prostate
cancer. In Morocco, BC is the eighth most common malignancy. Its management is an essential
element in health care, and great efforts are made continuously to introduce new methods to
improve diagnosis and treatment (Sung et al., 2021).

In general, about 75 % of all newly diagnosed patients of bladder cancer have NMIBC forms,
which are a heterogeneous subclassification of UC; Patients with NMIBC have high recurrence
and progression rates to muscle-invasive disease. The remaining 25% of cases are tumor
invading the muscle layer of the bladder wall (Babjuk et al., 2022). The management of NMIBC
represents a clinical challenge and can help to define prognosis factors able to determine, for
each patient, the risk level of recurrence and progression in order to propose an appropriate
treatment and monitoring plan for BC patients(Sylvester et al., 2021). Distinguishing low,
intermediate and high-risk NMIBC patients who may recur or progress to MIBC remains the
primary concern in NMIBC management, which will serve to establish a regular schedule of

visits and surveillance following therapy (Babjuk et al., 2022).

Prediction of the likelihood of NMIBC recurrence and progression to MIBC remains an
important topic of research. Available risk calculators and risk tables for recurrence and
progression have been proposed, including EORTC and CUETO scoring models. EORTC was
constructed based on 2596 patients and evaluated from 6 clinical pathological factors to provide
further prognostic information (Sylvester et al., 2006). The major limitation of the EORTC
calculator is its inability to predict recurrence and progression in patients treated with BCG.
The CUETO scoring model was specifically created and validated to overcome this problem
(Fernandez-Gomez et al., 2009).

The EORTC and CUETO scoring systems are based on clinical trial data of patients from
European clinical trials. These models are not necessarily designed to precisely reflect non-
European patients, including Moroccan patients. However, the uptake of these tools in
Moroccan NMIBC patients may help to determine whether there is a need to enhance the

existing tools to increase their applicability and usability.

In the first part of the thesis, a preliminary study was planned to evaluate the ability of the

EORTC and the CUETO scoring systems to predict recurrence and progression in Moroccan
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patients with NMIBC. Results clearly showed that both EORTC and CUETO risk tables
underestimate the short-term probabilities of recurrence and progression. Both tables
overestimate recurrence and progression rates at 5 years. Our long-term findings are in line with
those of Holz et al. (Holz et al., 2017) and Busato Junior et al. (Busato Junior et al., 2016), who
found that both tables overestimated the recurrence and progression in long-term (5 years). At
one year, our results were in contrast with those of Dovey et al. reporting that the risk tables
overestimated both recurrence and progression rate (Dovey et al., 2022). Also, we noted that
only the CUETO model successfully stratified our patients into four risk groups of recurrence
(p =0.005). As shown by Chung et al. (2021), a strong association with recurrence but not with
progression was noted in their research (Chung et al., 2021), which supports our findings.

The CUETO tool has more power than EORTC to discriminate each recurrence risk group,
despite some limitations that arise from the smaller size than the original EORTC, CUETO and
external validation studies, the short follow-up period and sometimes clinical follow-up is
difficult in Morocco. This encourages us to carry out the same study in a large population to
minimize the limitations (small cohort, short follow-up period...), which may improve

predictive value of EORTC or/and CUETO nomograms and introduce them in clinical practice.

Moreover, the classification of patients into prognostic factor risk groups in Morocco is based
on the following prognostic factors (Age, stage and grade, tumors size, number of tumors,
carcinoma in situ and prior recurrence status), according to the French ccAFU guidelines 2020-
2022 (Rouprét et al., 2020; Babjuk et al., 2022). However, none of the EORTC and CUETO
scoring models are used in clinical practice in Morocco, despite their predictive power and the
fact that they are the most commonly used risk stratification models for the recurrence and
progression of NMIBC. Therefore, it is worth to recommend the use of these models to provide
an easy calculation of the estimated probabilities of recurrence and progression prior to the
choice of proper treatment.

Several genetic, immunologic and molecular biomarkers have been recently integrated into
EORTC and CURTO scores. For example, FGFR3 mutational status and MIB-1 expression, as
a molecular grade, have been evaluated in a multicenter study and combined with EORTC risk
scores for primary NMIBC. These molecular grade based on FGFR3 mutations status and MIB-
1 expression proved highly reproductible and predictive than pathological grade (Rhijn et al.,
2010). On the contrary, a further study has documented that the addition of five biomarkers

(p21, p53, p27, KI-67 and cyclin E1) to both scoring systems reduces the predictive benefit, and
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no association was observed with recurrence and progression (Passoni et al., 2016). Therefore,
future perspectives include the combination of EORTC and CUETO scores and a panel of
molecular biomarkers in a large multicentric cohort is needed to improve the discrimination of

these tools in predicting the recurrence and progression of high-grade NMIBC.

During the last years, a great effort has been made to detect many predictive and diagnostic
biomarkers in early and advanced BC to overcome the limitations of cystoscopy (invasive
method) and urine cytology (because it fails to diagnose low-grade tumors). In particular,
molecular markers used in diagnosis and follow-up, which can be incorporated into the

personalized management of patients with BC (Yuanbin et al., 2011).

Considerable progress has been made in molecular biology through genomic and epigenomic
profiling technologies, which allow the determination of genetic factors underlying
carcinogenesis and genetic alterations caused by environmental agents. These advances led,
during the past decades, to the discovery and development of molecular biomarkers as tools for
cancer detection, prognosis and prediction of response to therapy (Goossens et al., 2015).
Within this context, the overexpression of HER2 has been confirmed as a predictive biomarker
for targeted therapy with anti-HER?2 in breast cancer (Piccart-Gebhart et al., 2005). Similarly,
activating mutations in KRAS and NRAS genes predict resistance to anti-EGFR targeted
therapies in metastatic colorectal cancer (Cutsem et al., 2009). These biomarkers should be
detected by non-invasive methods at early-stage disease with high specificity and sensitivity.
Regarding, epigenomic biomarkers, the detection of hypermethylation status of RASSF1A,
TWISTL, cyclin D2, and HIN1 genes using quantitative multiplex-methylation specific PCR
(QM-MSP) is a highly sensitive method for diagnosis of breast cancer (Auwera et al., 2010).
The NMP22 BladderCheck, BTA test, ImmunoCyt/uCyt+ assay and the UroVysion assay are
the most common BC screening tests and are approved by FDA (Sugeeta et al., 2021).

Despite these significant discoveries, which have improved the management of patients and the
effectiveness of treatments, only a few molecular biomarkers have been validated and routinely
used in oncotherapeutics (Sugeeta et al., 2021). As BC is a very heterogeneous malignancy by
nature with many subtypes, there is a need to identify new biomarkers in order to adapt

treatments accordingly (Tétu, 2009).

In this sense, we studied the mutational status of TERT, Tp53, PIK3CA/AKT1 genes and the
methylation status of TWIST1, hTERT, VIM and NID2 genes. These biomarkers could
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potentially be interesting for non-invasive diagnostic tests and effective targeted therapies for
BC. These studies highlight also the role of predictive tools in stratifying patients into the risk
group for recurrence and progression, which is essential in the management of BC.

Accordingly, we have used a population-based series consisting of 70 patients diagnosed with
bladder cancer in the urology department at Military Hospital Mohammed V, Rabat — Morocco,
during 2017-2019. Among them, 68 were male and 2 females, with a sex ratio of 34. The mean
age of patients was 67 years, ranging from 47 to 85 years. 28 patients (40%) were reported
active or former smokers. Most cases were staged < PT1 (74.29 %) and had high tumour grade
(61.43%). 20/70 specimens were collected from patients with a previous history of bladder
cancer, while 50/70 of collected specimens were primary tumours. Among patients with
NMIBC type collected during this study, 12 experienced tumor recurrence (23.08%) and 5

(10%) were diagnosed with progression up on the 4 years of follow-up.

In this work, among 70 BC patients, only two women were diagnosed with BC. Recent
epidemiologic research has elucidated the importance of demographic heterogeneity in the
management of patients with BC (Shariat et al., 2010). Indeed, men are more likely to be
diagnosed with BC, the gender disparity can be explained by the excessive environmental
exposure to carcinogens (tobacco and industrial chemicals) in men (Hartge et al., 1990). Age is
the greatest and an independent risk factor for the development of BC, this disease can occur
generally in elderly people with the overall mean age at diagnosis of =70 years (Siroky, 2004).
74.29% of cases were diagnosed with NMIBC, which is in line with literature indicating that
NMIBC accounts for over 70% of all BC cases (Matulewicz & Steinberg, 2020). The low
recurrence and progression rates in our population can be explained by the small size of the

cohort and the short follow-up period.

In the second part of this thesis, we conducted an analysis of the mutational status of some
genetic biomarkers that may be associated with cell survival, proliferation, invasion and
resistance therapies. Sequencing of TERT, Tp53, PIK3CA and AKT was successfully performed,
and we published the core findings as a scientific research paper. Sequencing analysis of the
Tp53 gene revealed very high frequencies of mutations with a high prevalence of 100%, and at
least one mutation was detected in each patient, followed by hTERT promotor (60%) and
PIK3CA (12.6%). Only one pathogenic mutation E17K in the exon 1 on the AKT gene was
detected.
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In order to develop an appropriate targeted therapy and diagnostic test for any cancer, the
molecular targets that induce carcinogenesis must be well understood. Like other forms of
cancer, BC development is a process that begins with initiation, followed by promotion and
progression (Hennings et al., 1993). In bladder cancer, mutations in Tp53 and PIK3CA/AKT1
genes are considered an advanced event in bladder tumorigenesis (Puzio-Kuter et al., 2009),
whereas mutations of the hTERT gene are common in the early stages of cancer (initiation and
promotion). The high prevalence of mutations in these genes sets suggests their use as potential
biomarkers and therapeutic targets (Hosen et al., 2020). In our study, mutations in the p53 gene
appear to be correlated with tumor grade, while no correlation between hTERT and

PIK3CA/AKT1 genes has been shown in our cohort; this may be due to the small sample size.

Recently, a urine-based assay (the Uromonitor-V2®, U-monitor, Porto, Portugal) has been
reported that can detect mutations in TERT, FGFR3 and KRAS and has been shown to be more
sensitive than cytology alone and could be an alternative to current follow-up methods.
Although promising, this test needs to be validated in a clinical setting before its
implementation (Kessel et al., 2017). Furthermore, other multicenter and prospective studies
evaluating the combination of TERT promoter mutations, OTX1 and PLEKHS1 mutation panels
have shown high sensitivity values, especially in low-grade tumors (Beukers et al., 2017; Xing
etal., 2021).

Concerning TP53 and PIK3CA/AKT1 genes, no urine test is available at present. A recent study
performed by Zhu et al. (2019) recommended two models of urine assay combining multiple
potential markers to improve the accuracy of prediction. These assays containing FGFR3 and
TP53, PIK3CA, ARID1A, STAG2 and KTM2D mutations panel, which yielded the most success
and could be applied to early diagnosis and prediction of relapse in patients with NMIBC (Zhu
et al., 2019). To assess the utility of urine sediment to detect genetic alterations as a suitable
and non-invasive specimen for bladder cancer diagnosis and monitoring, we explored urine
liquid biopsy to look for cancer mutations in PIK3CA, AKT1 and TERT genes. For the three
genes, our findings reveal a moderate sensitivity and specificity for detecting mutations in urine

exfoliated cells.

However, given the moderate accuracy of mutations in the tested genes (TERT, PIK3CA/AKT1)
in our study; it seems that the use of urine biofluids to identify genetic alterations needs more

refinement and further independent evaluation in a large cohort is required to assess if any of
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these non-invasive biomarkers or other accurate biomarkers could outperform current tools for

BC detection and monitoring.

In addition to genetic markers, a high number of epigenetic biomarker candidates are
continuously proposed, and the technologies used to analyse these promising epigenetic
biomarkers are improving and becoming easier to use in clinical practice (Larsen et al., 2019).

The Epithelial-Mesenchymal Transition (EMT) is an important and highly dynamic process
and one of the most notable program involved in tumor invasion and metastasis. Epithelial cells
that acquire mesenchymal phenotype undergo a series of biochemical changes and can be
classified into three different biological types: a primary event occurs during embryonic
development; the second type is involved in tissue regeneration, and the third occurs in
neoplastic cells that have previously undergone genetic and epigenetic changes (Brabletz et al.,
2021).

Recently, it has been reported that promoter hypermethylation of TWIST, VIM, NID2 and
hTERT genes are involved in EMT regulation as an important mesenchymal marker in various
tumor types, including bladder cancer. This raises the possibility of their use as a promising
therapeutic target for cancer, especially in advanced diseases (Shirahata et al., 2009; Sui et al.,
2013; Yegin et al., 2013). The EMT program is largely induced by a core set of various EMT
activating transcription factors, including the TWIST families, the zinc finger E-box binding
homeobox factors ZEB1 and ZEB2 and SNAIL and SLUG. In Parallel, the EMT-TFs directly
or indirectly activate genes associated with a mesenchymal phenotype, including VIM
(Vimentin), FN1 (Fibronectin), and CDH2 (N-cadherin) (Zhao et al., 2017).

In the present study, our goal was to investigate DNA methylation levels of CpG sites in four
candidate gene promoters in tumours biopsies and urine sediments from 70 Moroccan bladder
cancer patients using the Methylation-specific PCR method. We also compared the association

patterns and prognostic impact of these markers.

The analyses were restricted to DNA methylation status in tumour biopsies. Here, our results
indicate that methylation frequencies of hTERT, TWIST1, VIM and NID2 genes were 90%,
85.71%, 67.14% and 67.14%, respectively. Statistical analysis showed a significant association
between TWIST1 hypermethylation and BC recurrence (p = 0.041). In Paper V, we included
paired voided urine samples from the same cohort to evaluate the sensitivity and specificity of

these genes as a non-invasive method for detecting cancer cells in urine. We found a higher
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sensitivity and specificity to detect hypermethylation of TWIST1, hTERT, NID2 and VIM genes,
reaching 91.7%; 97.1%; 84% and 82.8%, respectively.

DNA methylation markers have been studied, and their aberrations are hallmarks of many
human cancers, including BC. DNA hypermethylation of TWIST1, hTERT, NID2 and VIM
promoter genes is a common event in BC, and it is positively correlated with tumor progression

and survival and thus, may serve as a prognostic marker for BC (Hong-Tao et al., 2016).

Several commercial tests that identify the DNA promoter methylation of single or gene sets are
now available for the diagnosis of BC from urine or blood (AssureMDx®, Bladder CARE®,
Bladder EPICHECK®), and some of these are tested as diagnostic biomarkers in clinical trials
(Urakami et al., 2006). According to some studies, assessment of the methylation status of
TWIST1 and NID2 genes in urinary sediments, in combination with cytology, has been found
to increase sensitivity in BC patients (Fantony et al., 2017). In addition, VIM and TERT are also
listed among potential and attractive DNA-methylated urine-based epigenetic biomarkers and
may have a clinical value in BC. Nonetheless, validation of the performance of these biomarkers
in well-designed multicenter clinical studies is an urgent need to demonstrate the added value
over the common clinical practice (Hong-Tao et al., 2016).

The basis for urothelial carcinoma development and progression involves several genetic,
epigenetic and pathological pathways which reflect varied morphological appearances. The
diagnosis and monitoring of this disease are mainly based on an invasive method, cystoscopy,
combined with urine cytology. Several molecular biomarkers assay is available for use in the
diagnosis and management of BC and may complement cystoscopy, but there is no formal

indication of their use in clinical practice (Batista et al., 2020).

In fact, at present, the use of these markers has not been yet established in clinical practice by
international guidelines. Hence, further research is still needed to define the role of these

promising biomarkers for cancer detection and follow-up (Giordano & Soria, 2020).

Treatment of Moroccan BC patients is based on intravesical bacillus Calmette-Guérin (BCG)
immunotherapy or/and intravesical chemotherapy instillations. In addition, Atezolizumab
injection is a PD-L1 inhibitor administered to advanced or metastatic BCs unfit for cisplatin-
based chemotherapy and whose tumors highly express PD-L1 (Babjuk et al., 2022; Witjes et

al., 2021). Administration of atezolizumab as an immune checkpoint inhibitor has demonstrated
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a significant survival benefit compared to chemotherapy (Witjes et al., 2021). In Morocco,
immunotherapy is not routinely used to treat BC patients, and some patients have benefited
from these drugs under specific authorisation. The efficacy of these drugs needs to be evaluated
with respect to the genetic heterogeneity of this disease. Moreover, there are no targeted
therapies for genetic mutations in TERT, P53, PIK3CA-AKT and epigenetic aberrations in
TERT, TWIST, NID2 and VIM, even though the high prevalence of alterations in these genes.

The introduction of new drugs targeting these genetic and epigenetics biomarkers into clinical
use become essential for an optimal treatment strategy and to improve the healthcare of BC

patients nationally and worldwide.
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VIII. Conclusion

Evaluation of EORTC and CUETO is performed was a preliminary study, and results clearly
showed that both the EORTC and CUETO models were useful to predict recurrence and
progression rates at a shot- and long-term. However, only the CUETO scoring model

successfully stratified our patients into four risk groups of recurrence.

We noticed that among the genetic biomarkers tested, the prevalence of P53 (100%) and hTERT
(60%) mutations in biopsies was highest, followed by PIK3AC and AKT1. Also, Epigenetic
analysis revealed a high frequency of aberrant methylation in the panel of studied genes hTERT
(90%), TWIST1 (85.71%), VIM (67.14%) and NID2 (67.14%).

Identification of mutations in the hTERT and PIK3CA-AKT1 genes from urine samples showed
high specificity (100%) and sensitivity ranged from 50% to 100%. Furthermore, the assessment
of promoters hypermethylation of hTERT, TWIST1, VIM, and NID2 genes from urine samples
is highly specific (100%) and has high sensitivity ranged from 82.8% to 97.1%.

It is unrealistic that the candidate biomarkers proposed in this study will be used in clinical
practice in the near future, but they will be hopefully incorporated into clinical use after careful
validation by several research groups. The work done in this thesis will hopefully be useful to
others who want to investigate these candidate genes for the non-invasive detection of bladder
cancer or other types of disease and to improve the care of urinary bladder cancer patients.
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IX. Perspectives

Although our study identified hotspot mutations and aberrant methylation in the candidate
genes analysed in the Moroccan population, much remains to be done. The bladder cancer series
used in this thesis is currently being expanded to include women as well. New survival and

clinico-pathological data from Military Hospital Mohammed V, Rabat, have been requested.

A retrospective study in a large and multicenter Moroccan population for external validation of
the EORTC and CUETO scoring model to predict recurrence and progression during an
extended follow-up period is planned. Results will certainly evaluate these models with more
precision and accuracy for better management of BC.

Our study clearly showed a low frequency of mutations in the hTERT gene. Also, mutations in
PIK3CA and AKT1 are rare events in BC and could not be considered as reliable biomarkers
for the management of the disease. Assessment of genetic and epigenetic alterations, as well as
the study of the expression of studied genes and others potential genes involved in BC
susceptibility (using RT-gPCR) in a large cohort, are necessary to determine if the mutational
status, methylation status and expression level of these genes significantly affect the
development of bladder cancers.

In addition to studying methylation as an epigenetic event, alterations in global histone
modification play a crucial role during carcinogenesis, including bladder cancer. Thereby,
identifying altered global levels of histone acetylation during bladder cancer progression could
be helpful in identifying patients who may benefit the most from these targeted therapies.
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