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ABSTRACT

The failure to elicit an adequate immune response to the adult Schistosoma
haematobium worm, and continuous strong inflammatory responses to the eggs have
been the main causes of bladder pathology in chronic schistosomiasis. The
identification of bladder pathology-associated biomarkers is necessary to enable early
detection of the disease in a non-invasive manner. The aim of this study was to
identify candidate-biomarkers for susceptibility and diagnosis of schistosomiasis and

schistosomiasis-associated bladder pathologies in adults.

A total of 371 respondents, comprising 130 males and 241 females from Eggua, Ogun
State were randomly recruited into a cross sectional study from August 2012 to May
2014. Semi-structured pretested questionnaires were administered to obtain
information from consenting respondent. They were screened for S. haematobium ova
and bladder pathologies by microscopy and ultrasonography, respectively. Host
susceptibility to bladder pathologies and schistosomiasis was determined by
Polymerase Chain Reaction genotyping of glutathione-S-transferase (GSTT1 and
GSTM1) genes, and Interleukin (IL4 and IL13) genes, respectively. Label-free
quantification mass spectrometry-based proteomics approach was used to identify
protein biomarkers in the urine. Samples were categorised as Schistosomiasis, Bladder
Pathology (BP), Pathology and Schistosomiasis (PS). No Pathology and
Schistosomiasis (NPS) served as controls. Descriptive statistics, odds ratios (OR) and
Chi-square test were used at oggs to determine association between schistosomiasis
and bladder pathologies. False Discovery Rate (FDR) analysis was also used to

determine significant biomarkers.

The mean age of respondents was 48.6 +0.6 years. The prevalence of schistosomiasis
was in 42 (11.4 %) males and 66 (17.9 %) females. Majority (74.1%) had light mean
intensity of infection (33.3+0.04 eggs/10mL urine). Bladder pathologies included
abnormal bladder wall thickness (29.0%), abnormal bladder shape (7.1%), bladder
masses (3.1%) and bladder calcification (2.2%). There was a significant association
between urinary schistosomiasis and BP. Respondents with GSTM1 and GSTT1
polymorphisms expressed elevated risks of BP (OR = 4.3, 95% Cl 2.0 - 9.2 and OR =



4.2, 95% CI1 1.5 — 12.0, respectively); with the PS having more GST polymorphisms
than BP. Polymorphisms in IL 4-590 and IL 13-1055 were observed in 24.1% and
9.3% schistosomiasis cases, respectively. The IL 13-1055 polymorphisms did not
indicate susceptibility to schistosomiasis in males (OR 0.7, 95% CI 0.3-2.1) but a
slight risk was found in females (OR 1.1, 95% CI 0.7-1.7). A total of 1306 proteins
and 8752 unique peptides were observed (FDR = 0.01). Human host (54) and parasite-
derived (36) potential biomarkers were found for schistosomiasis and associated
pathologies. These included new potential biomarkers in schistosomiasis (Sialidase-1,
Growth factor 15, Programmed cell death 1 ligand-2) and PS (Arylsulfatase A and
Phosphatidylethanolamine-binding protein 4).

Candidate proteins were identified for the generation of new diagnostic markers for

chronic urinary schistosomiasis and its bladder pathologies.
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CHAPTER ONE

INTRODUCTION

1.1 Background
Human urinary schistosomiasis (bilharziasis) due to Schistosoma haematobium is

widespread, ranking second to malaria in terms of socio-economic and public health
significance in tropical and sub-tropical areas (Yunusa et al., 2016), with an estimated
732 million persons being vulnerable to infection worldwide in well-known
transmission areas (Adenowo et al., 2015). It is the most prevalent of the water-borne
diseases, with a great risk on the health of rural populations (Biu et al., 2000). In 2014,
more than 61.6 million people were treated globally for schistosomiasis, 67% of those
from sub-Saharan Africa only (WHO, 2014; WHO, 2016). An estimated 200,000
deaths per year was recorded due to the infection (USAID 2016, Yunusa et al., 2016).
Approximately 120 million individuals in sub-Saharan Africa have schistosomiasis-
related symptoms while about 20 million undergo hardship as a result of chronic

presentations of the disease (Chitsolu et al., 2000; Adenowo et al., 2015).

Schistosomiasis is endemic in Nigeria (Agbolade and Odaibo, 1996; Nmorsi et al.,
2007; Agere et al., 2010; Adenowo et al., 2015; Yunusa et al., 2016). Investigation of
Schistosoma haematobium infection in Edo State, Nigeria revealed a prevalence of
31.2%, with children having a higher prevalence (41.1%) compared to adults (20.0%)
(Nmorsi et al., 2007). Schistosoma haematobium infection is reported to be more
widespread than Schistosoma mansoni infection (Agbolade and Odaibo, 1996).
Several investigations have linked the disease to the personal habits and livelihood of
individuals who frequently visit fresh water habitats (Agere et al., 2010; Adenowo et
al., 2015). Parasitic infections like schistosomiasis are regular and lasting health
problems in developing countries that are characterized by continuing health threat

and inflammatory challenges to the populations who are exposed to long-term daily



risk of infection (Hotez et al., 2008). Schistosoma haematobium is a long-lived
parasite that is easily acquired, and a direct aetiological link between the parasite and
cancer has been suggested (Fritsche et al., 2006; Botelho et al., 2010; European
Association of Urology, 2016. Of approximately 110 million cases due to Schistosoma
haematobium in sub-Saharan Africa, 70 million are associated with hematuria, 18
million with major bladder wall pathology, and 10 million with hydronephrosis

leading to kidney damage (Rinaldi et al., 2014).

Genetic studies of human susceptibility to Schistosoma (blood fluke) infections have
previously identified a genetic locus determining infection intensity with Schistosoma
mansoni in the chromosome 5931-33 region of the human genome that is known to
contain the Th2 immune response cluster, including the genes encoding the IL-4, IL-5,
and IL-13 cytokines (Ellis et al., 2007). According to Ellis et al., (2007), these
cytokines are key players in the inflammatory immune responses and have previously
been implicated in human susceptibility to infection with the Asian species, S.
japonicum. Many immunological studies have demonstrated the role of these
cytokines in the immunomodulation of several helminths, including schistosome
infections in murine models (Finkelman et al., 1997; Gause et al., 2003) and in
humans (Jackson et al., 2004a; Quinnell et al., 2004; Turner et al., 2003). Other
studies have shown a marked increase in the levels of IL-5 and IL-13 in individuals
identified as being resistant to schistosome infection (Al-Sherbiny et al., 2003;
Leenstra et al., 2006). Furthermore, two polymorphisms [21055C (rs 1800925) and
2591A (rs 2069743)] in the IL-13 region gene promoter have been shown to be
associated with susceptibility to S. haematobium infections (Kouriba et al., 2005).

Chronic infection with Schistosoma haematobium has been reported as a possible risk
factor in the aetiology of bladder cancer (Fritsche et al., 2006; European Association
of Urology, 2016). Nmorsi et al., (2007) also recorded higher urinary tract pathology
conditions with heavy intensity of S. haematobium infection. Histopathological study
has also associated S. haematobium infection with the development of squamous cell
carcinoma of the bladder (Mostafa et al., 1999). S. haematobium is linked with a two
to tenfold increase in the risk of bladder squamous cell carcinoma (European
Association of Urology, 2016), and is a potential cause of kidney damage hence the



parasite is considered as a group 1 carcinogen (Driguez et al., 2016). In fact, in some
of the regions where S. haematobium is endemic, bladder cancer is the most common
cancer in men and the second in women, behind breast cancer; accounting for as much
as 30% of all cancer cases (Betelho et al., 2010). Rinaldi et al., (2014), found that a
clinical history of urogenital schistosomiasis accounted for 16% of bladder cancer
cases in Egypt. One major study in Kenya sought to examine the parasite-disease
association by cytopathological studies in a large community in Coastal Province
(Hodder et al., 2000). Using examination and evaluation of Papanicolaou (Pap)-
stained urine sediment cytology slides, the authors were able to show an association
between urinary tract hyperplasia and infection with S. haematobium (Hodder et al.,
2000).

Bladder cancer is the most common malignancy of the urinary system in the US
(American Cancer Society, 2016). It is the 7th most commonly diagnosed cancer in
males worldwide, with a drop to 11th when both genders where considered (European
Urology Association, 2016). It is one of the tumours associated with the highest
morbidity and mortality. In the U.S.A. estimated new cancer cases and estimated
deaths from it in 2016 are 76,960 and 16,390 respectively (American Cancer Society,
2016).

A retrospective review of clinical records of bladder cancer cases in Sokoto, Nigeria
between 1999 and 2004 showed a 4.7 fold rise in the number of bladder cancer cases,
with squamous cell carcinoma (SCC); composed of 65.1% histologically verified
cases and 50% of the SCC showed evidence of chronic urinary schistosomiasis
(Mungadi and Malami, 2007). It is a serious global problem, accounting for some 30%
of all cancers around the world and almost twice as many cases of bladder cancer
occur in men as in women, cigarette smoking being its leading cause (Vineis et al.,
1998). It is the second most common urological cancer, clinically characterized by
high recurrent rates and poor prognosis once tumors invade the lamina propia (Kausch
and Bohle, 2001). Bladder cancer is one of the most expensive malignancies in the
Western world (Smith and Guzzo, 2013; Ghafouri-Fard et al., 2014). It was estimated
in the US in 2001 that the cost of bladder cancer from diagnosis to death was between
$96,000 and $187,000 per patient (Botteman et al., 2003). According to Fritsche et al.,



(2006), the most common symptom of bladder cancer is intermittent hematuria (80-
85% of patients), while other urinary tract symptoms include increased frequency,

urgency and dysuria in about 15-20% of patients (Fritsche et al., 2006).

Decreases in activity of carcinogen-metabolizing enzyme glutathione-S-transferase
(GST) in human bladder cancer tissues have been associated with S. haematobium
infection (Sheweita et al., 2004). Somali et al., (2003) and Yajie et al., (2016) found
that the deficiencies in the GSTT1 gene confers an increased risk of bladder cancer.
Polymorphisms in metabolic enzymes that are involved with in vivo detoxification of
carcinogens have also been associated with risk of various cancers (Brockmoller et al.,
2000). Glutathione S-transferases M1 and T1, involved in the detoxification of
polycyclic aromatic hydrocarbons and N-acetyl transferase-2 involved in acetylation
of arylamines, are of interest in bladder cancer (Somali et al., 2003; Ying et al., 2016).
Analyses have shown that GSTM1 deficiency and slow acetylation are major
determinants of bladder cancer susceptibility (Johns et al., 2000a, Johns et al., 2000Db).
The inhibition of GST activity may enhance the effect of many environmental
carcinogens such as N-nitrosamines, thereby reducing the capacity of detoxifying
many endogenous compounds in the bladder (Johns and Houlston, 2000; Djukic et al.,
2013 and Yajie et al., 2016).

Cystoscopy and cytology are currently considered the ‘gold standards’ for the
identification and monitoring for recurrence or progression of bladder cancer
(Ghafouri-Fard et al., 2014). Frequent cystoscopies facilitate the treatment of
recurrences at an early stage, thereby potentially slowing the progression of the
disease to muscle invasive disease. However, cystoscopy is an invasive, time-
consuming and expensive examination that is not well-accepted by patients
(Karakiewicz et al., 2006; Goodison et al., 2013).

Scientists are therefore interested in identifying reliable non-invasive biomarkers that
could be utilized in screening, leading to early detection and/or in predicting the
progression of superficial tumours to invasive higher-stage lesions with high
specificity and sensitivity. A biomarker can be a protein, a fragment of a protein, DNA

or RNA. Biomarkers, specifically cancer biomarkers, are bioindicators of the disease



and by detecting them the existence of that specific cancer can be verified (Young-Eun
et al., 2010). Advances in omic profiling technologies using biological mixtures such
as blood and urine allow the systemic analysis and characterization of alterations in
genes, RNA, proteins and metabolites, and offer the possibility of discovering novel
biomarkers and pathways activated in disease or associated with disease conditions
(Baumgartner et al., 2011, Chien-Lun et al., 2013).

1.2 Statement of the problem
For people living in S. haematobium-endemic areas, early disease detection would be

of considerable benefit because Schistosoma bladder cancer appears in the prime of
life (age 35-50 years). In fact, bladder cancer is likely to be unrecognized, as the overt
urinary tract symptoms (intermittent haematuria, dysuria, increased frequency,
urgency and pain with micturition) are so commonly associated with urinary
schistosomiasis that when the cancer is manifested the patient is not likely to receive
adequate diagnosis and may become severely debilitated, with poor disease prognosis.
Detection of bladder cancer at the population level is difficult because direct proof
requires detailed histopathological study; but invasive examinations are confined to
advanced hospitals (Shiff et al., 2006). The detection of tumourigenic biomarkers
preferably isolated from urine thus becomes important. Such biomarkers are now an
active area of research and development and will provide tools that could be useful to
evaluate specific effects of long-term exposure to S. haematobium (Konety et al.,
2000, Shiff et al., 2006).

Demonstration of schistosome-associated bladder damage by ultrasound examination
is valuable and useful; however, it cannot be used to construe a diagnosis of cancer. It
is at this point that cancer-specific urine and blood biomarkers may play an important

role in focusing on the extent of the problem in people with long-term infections.

1.3 Justification of the study

Considering that treatment of schistosomiasis relies on a single drug, praziquantel,
which raises fears of development of resistance, there is a need for acquiring a deeper
understanding of the communication between the parasite and the mammalian host

with a view to identifying new methods of controlling schistosomiasis,



schistosomiasis-associated bladder cancer and developing potential diagnostic markers
and drugs. One potential approach to investigating the developing relationship
between the parasite and its host is proteomics and biological fluids are promising
targets of choice when looking for diagnostic, prognostic and treatment based
biomarkers, due to their easy accessibility. This is owing to the fact that biological
fluids-associated tissues are prone to release protein components in the fluids; and the
disease-altered state could change either the spectrum or the amount of released
proteins. Such proteins can be diseased associated biomarkers and proteomic analysis

of the body fluids should reveal a lot of new diagnostic markers.

Candidate biomarkers can be identified from these models, taking into consideration
intra-group Vvariations, sample preparation methods, and spectral data acquisition.
Proteomics has been used for human studies of disease and it has been revealed to be a
valuable approach for distinguishing disease and generating candidate biomarkers of
pathological state (Theodorescu et al., 2006). Changes in protein level may be
detectable in biofluids before the appearance of clinical symptoms, making them
potentially useful early detection biomarkers (He and Chiu, 2003; Cao et al., 2012).
Mass spectrometry analysis of a small number of highly exposed and unexposed
subjects has been found to reveal altered expression of several proteins that may be
identified as intermediate biomarkers of early effect (Moore et al., 2006). Also, the
potential of the urinary proteome as a non-invasive means to identifying biomarkers of
carcinogen exposure and metabolism to toxic chemicals have been demonstrated by
Moore et al., (2006). Several schistosome oriented proteomics studies have focused on
the parasites (Sotillo et al., 2015; Driguez et al., 2016), with little information on the
changes that emanate in host proteins during active schistosomiasis (Shiff et al.,

2006), hence this study will bridge this gap.

1.4 Aim of the Study
The aim of the present study therefore is to identify biomarkers for the susceptibility

and diagnosis of schistosomiasis and schistosomiasis-associated bladder cancer from

adults in rural population in South-west Nigeria where S. haematobium is prevalent.



1.5 Specific Objectives

To determine the prevalence of schistosomiasis and schistosomiasis-associated
bladder pathology in Eggua.

To determine the relationship between S. haematobium infection and structural
bladder pathology

To determine glutathione-S-transferase (GSTT1 and GSTM1) gene
polymorphisms among study volunteers with bladder pathology.

To determine Interleukin (IL-4 and IL-13) gene polymorphisms among
volunteers with schistosomiasis.

To identify biomarkers for schistosomiasis and schistosomiasis-associated
bladder pathologies in Nigeria.



CHAPTER TWO

2 LITERATURE REVIEW

2.1 Biology of the Schistosome
Schistosomiasis is a disease caused by infection with schistosome parasites (Ayanda

and Opeyemi, 2009). The parasites are blood-dwelling fluke worms (i.e., they are
intravascular obligates that reside in the mesenteric veins and affect many organs
including the central nervous system (Annapurna and Uday, 2013). They belong to the
Kingdom: Animalia, Phylum: Plathyhelminthes, Class: Trematoda, Order: Digenea,
Family: Schistosomatidae, Genus: Schistosoma, and have six species that commonly
infect humans, namely Schistosoma haematobium, S. mansoni, S. japonicum, S.
intercalatum, S. guineensis and S. mekongi (Webster et al., 2006). They differ in their
final location in the human host, intermediate (snail) host in their life cycle, number,
shape, size of the eggs produced and the pathology they induce (WHO, 2016).
Schistosomes feed on blood particles through anaerobic glycolysis (Rumnajek, 1987;
Sanaa and Manal, 2014). There is an alternation of generations among all sexual
Digeneans, as the asexual reproduction occurs in the intermediate host and sexual

reproduction occurs in the definitive (mammalian) host (IARC, 2011).

Of the family Schistosomatidae, 13 members are unusual in four ways when
comparing with the ~2700 Digenean genera: they do have two hosts rather than three;
they are dioecious (with male and female reproductive organs in separate individuals);
they infect their hosts by directly penetrating the body surface, but not through oral
consumption; and they parasitize the intravascular niche (Cribb et al., 2001,
Annapurna and Uday, 2013). The body of the male schistosomes forms a
gynaecophoric channel (groove), in which it holds the longer and thinner female. As
permanently embraced couples, the schistosomes live within the perivesical (S.
haematobium) or mesenteric (other species) venous plexus. The adult worms are about

1-2 cm long (Table 1), having a cylindrical body that features two terminal suckers, a



complex tegument, a blind digestive tract, and reproductive organs. The parasite lives
for long periods, with no evidence of immune-mediated clearance of adult worms, and

it has evolved to use host factors for developmental signaling (Agnew et al., 1993)



Table 1: Physical features of Schistosoma spp at different stages in the life cycle in

man
Schistosoma spp S. mansoni S. japonicum S. haematobium
Adult Male
Length (mm) 6-12 12-20 10-14
Breath (mm) 2.00 0.50 - 0.55 0.75-1.00
No of testes 4-13 6-9 4-5
Adult Female
Length (mm) 7-17 16 - 28 16 - 20
Breath (mm) 1.00 0.30 0.25
No of eggs in Usuallyl 50 or more 10 - 100

uterus
Schistosomulum (All species — length x breath)
Size during penetration (mm) — approximately 0.10-0.12 x 0.030
Size in the lung (mm)- approximately 0.12-0.18 x 0.029 — 0.037
Size on arrival in the liver (mm)- approximately 0.16 — 0.20 x 0.023 -0.040

Source: Annapurna and Uday, 2013



2.2 Life cycle of Schistosoma haematobium
As part of the life cycle of S. haematobium (Figure 1) is the female worm which

produces hundreds of eggs per day throughout her life (Yassir et al., 2017). The eggs
(144x58 pm, with a characteristic terminal spine) penetrate through the bladder wall
where they are excreted with urine. Each ovum contains a ciliated larva (miracidium),
which secretes proteolytic enzymes that help the eggs migrate into the lumen of the
bladder. About half of the eggs produced do not reach the vesical lumen, and are

carried away with the bloodstream, and/or trapped in the tissues.

A granulomatous inflammatory response, which is the main cause of pathology in the
human host, is provoked by the retained eggs (Wilson et al., 2007). The viable
excreted eggs hatch if they come into contact with water, and release the relatively
short-lived miracidium that emerges to infect a suitable intermediate molluscan host.
The miracidium are able to locate a suitable freshwater snail host (i.e. Bulinus spp. for
S. haematobium) within 48 hours of their viability and this is achievable with the use
of external stimuli such as light and snail-derived chemicals (Yassir et al., 2017).
Asexual reproduction takes place in the snail, where several generations of multiplying
larvae (sporocysts) are developed. These sporocysts ultimately produce large numbers
of infective larvae with a typical bifurcated tail (free-swimming cercariae). These

cercariae leave the snail at a rate of thousands per day after a period of weeks.

Shedding of cercariae can continue for months; one snail infected by one miracidium
can shed thousands of cercariae every day for months (Gryseels et al., 2006). The
cercariae survive for up to 72 hours and use water turbulence and skin-derived
chemicals to locate the human host. They attach to and penetrate the human skin
within 3-5 minutes. On finding a host, the cercariae penetrate the skin of human and
other mammalian host that act as reservoirs for infection. Percutaneous penetration of
the cercariae can provoke a temporary urticarial rash that can manifest within hours
and persist for days as maculopapular lesions. In temperate zones, a similar
“swimmers itch” is also frequently seen with avian trematode cercariae (Bouree and
Caumes, 2004). The presentation of delayed-onset dermatitis, manifest as urticarial or

angioedema, which can occur within 48 hours and the skin lesions are often pruritic.

11



Because of the temporary association with water exposure, the diagnosis is usually
suspected clinically. The cercariae lose their bifurcated tail, and the young parasites
(schistosomulae) migrate with the bloodstream via the lungs to the liver, where they
mature into adult worms in the portal vein and mate. The paired worms migrate
against the bloodstream to the perivesicular veins, where in 4—7 weeks after infection
they start producing eggs throughout their adult life. The lifespan of an adult worm
averages 3-5 years, but can be as long as 30 years with the reproduction potential of
one schistosome pair estimated to be up to 600 billion schistosomes (Wilkins, 1987;
Gryseels et al., 2006). An infected person probably harbours an average of hundreds
(range, 10s—-1000s) of worms (Gryseels and De Vlas, 1996).
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Figure 1: The life cycle of schistosomes showing intermediate and vector host
Source: (Modified from Sanaa and Manal, 2014)
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2.3 Epidemiology of infection

2.3.1 Prevalence and geographic distribution
Human schistosomiasis is endemic in large areas of the (sub) tropics. Schistosomiasis
currently affects some 76 countries and is found in 48 African countries (WHO, 1999;
Ayanda and Opeyemi, 2009), while more than 1 billion people are at risk of infection,
and not less than 700 million persons are globally estimated to be infected with the
disease (Badawi, 1996; Chitsulo et al., 2000; Gibodat, 2000; IARC, 2011 and Yassir et
al., 2017), of which 120 million are symptomatic and 20 million have the severe
disease (Ayanda and Opeyemi, 2009). Estimates suggest that about 93% of all
schistosomiasis cases are in sub-Saharan Africa (Chitsulo et al., 2000; Ayanda and
Opeyemi, 2009; IARC, 2011; Adenowo et al., 2015). Nigeria is one of the most
severely affected countries in Africa (Agbolade and Odaibo, 1996; Pukuma and Musa,
2007; Ayanda and Opeyemi, 2009; Agere et al., 2010; Adenowo et al., 2015). It is
estimated that 101.28 million people are at risk of infection while about 29 million are
infected with Schistosoma haematobium, Schistosoma mansoni and Schistosoma
intercalatum in Nigeria (Chitsulo et al., 2000; Ayanda and Opeyemi, 2009; Adenowo
et al., 2015), closely followed by the United Republic of Tanzania (19 million), in
prevalence of infection; Ghana, and the Democratic Republic of Congo (15 million)

make up the top five countries in Africa with schistosomiasis (Figure 2.1).

However, underestimation of the true prevalence of schistosomiasis is suspected; it has
been proposed that the prevalence of schistosomal-related diseases may be more than
400-600 million globally (Adenowo et al., 2015). About 95% of the schistosomiasis
cases are due to S. mansoni and S. haematobium infections. Schistosoma.
haematobium is endemic in 53 countries, in the Middle East and most of the African
continent (Chitsulo et al., 2000). The disease is common in the Niger basin and is
found in every country within the West African sub-region (Brown and Wright, 1985,
Ayanda and Opeyemi, 2009). Largely, Schistosomiasis is found in rural areas (Yunusa
et al., 2016), although urban infection is on the increase in many countries (Mott et al.,
1990). For few decades, artificial reservoirs and irrigation systems, as well as

population growth and migration, have contributed to the spread of infection in
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Schistosomiasis burden in subSaharan Africa

Figure 2.1: Estimated schistosomiasis burden in sub-Saharan African countries shown
in yellow.
Source: Adenowo et al., 2015.
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addition to the known natural streams, ponds and lakes which are typical sources of
infection (Gryseels et al., 2006; McManus and Loukas, 2008).

The distribution of schistosomiasis can be very vital within countries, regions and
villages, depending on variations in snail populations and human-water contact
behaviour (Gryseels and Nkulikyinka, 1988; Brooker, 2007). Also, the distribution of
schistosomiasis can be highly irregular among individuals. Prevalence and intensities
of infection generally show a typical convex-shaped curve with a peak at the ages of
10-19 years (Ogbe, 1995; Egwuyenga et al., 1994; Ejima and Odaibo, 2010), and a
decrease in adults (Pukuma and Musa, 2007; Agere et al., 2010; IARC, 2011). Sex-
related patterns of infection vary in relation to behavioural, professional, cultural, and
religious factors (Jordan and Webbe, 1993). A meta-analysis of estimated disease
burden showed that morbidity and mortality attributed to schistosomiasis has increased
with DALYs (disability-adjusted life years), to about ~20% increase in the past 20
years (Murray et al., 2013; Driguez et al., 2016)

2.3.2 Transmission and risk factors for Schistosoma infection

Transmission of infection is well encouraged in less developed countries, mostly
among poor and illiterate/less educated residents who cannot access proper health care
or undertake infection preventive measures. Such endemic communities are used to
indiscriminate urination and defecation in water frequently used for both domestic and
agrarian purposes which include bathing, washing, farming and fishing.
Contamination of fresh water with excreta containing schistosome eggs, presence of
intermediate hosts and human contact with cercariae containing water are responsible
for continual transmission of infection (Jordan & Webbe, 1993; Okoli and Iwuala,
2004; Annapurna and Uday 2013; Sanaa and Manal, 2014, WHO, 2016).

Transmission can take place in almost any type of aquatic habitat ranging from large
lakes and rivers to small seasonal ponds and streams. Thus the main risk factor of
infection is contact with contaminated water. Another host-related and environmental
factors that may influence the risk of acquiring and/or influencing the distribution,
prevalence, intensity of infection, morbidity and mortality of schistosomiasis are

genetic factors (Quinnell, 2003), behaviour, household clustering (Bethony et al.,
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2001), climate, immune response of the host, and concomitant infections like hepatitis
(IARC, 2011).

Schistosome transmission is seasonal, primarily due to the variation in temperature
(Liu et al., 2013). The prevalence and intensity of infection are directly related to the
patterns of variation with age. The main risk age groups are 10-20 years children
which is accompanied by a decline in adults, specific occupational groups (fishermen,
irrigation workers, farmers), and women and other groups using infected water for
domestic purposes (WHO Expert Committee, 2002). Difference in the peak age-
related prevalence of the disease is due to the gradual development of immunity and
changes in the extent of water exposure (Barbosa, 2006). Adults who also migrate to
endemic areas are as susceptible to infection as young children (Hotez et al., 2007).

2.3.3 Latency of S. haematobium infection with respect to development of
bladder cancer

Little is known about the latency between the onset of infection and the appearance of
cancer, or about the steps that might lead to cancer.
Infection with S. haematobium is not synonymous with clinical disease, and many
infections are asymptomatic. Of those infected, a small proportion develops serious
chronic disease, after varying durations of exposure and infection (Homeida et al.,
1988; Vennervald and Dunne, 2004). Mostafa et al. (1999) noted that the incidence of
bilharzial bladder cancer in various African countries peaks between the ages of 40-49
years, while infection with S. haematobium begins in childhood (as early as 6 months
of age), and peaks usually in the second decade of life (between the ages of 5-15

years). This would imply a latency period of 20-30 years.

2.4  Schistosome modulation of the host’s immune response

Molecules of the host parasite that are in contact with the host are called host-parasite
interface, and these include proteins secreted by the parasite and those on the surface
of the parasite (Hernandez-Gonzalez et al., 2010; De la Torre et al., 2011). This
interface involves a response to the parasite antigens by the immune system of the

host, and the manipulation of the host immune response by the parasite for its survival
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inside the host through secretion of proteins and enzymes (De la Torre et al., 2011,
van der Ree and Mutapi, 2015).

The modulation of the immune system due to schistosomiasis could be effected
through various encounters with the transmission stages, either by the cercaria, the
adult and the egg; or during penetration through the skin, migration through the
circulation, the incubation of the adult schistosomes, production of eggs and excretion
of the eggs (Hewitson et al., 2009). Most immune responses related pathologies are
widely observed in chronic schistosomiasis. In the early stages of pathogenesis,
immunological responses are modulated by the schistosome excretory/secretory (ES)
products while late stage immune response modulation is influenced by the soluble
egg antigens (SEA). Schistosoma ES products are released or secreted from epithelial
surfaces of the gut and/or tegument as well as other specialized ES organs throughout
almost all life stages of the parasite. Factors present in the host fluid such as blood
cells, phagocytic cells, hormones and complement proteins might be responsible for

the production and secretion of these products (Hewitson et al., 2009).

Soluble egg antigens of S. mansoni have been shown in proteomic studies to induce
expression of Jagged-1(a cell surface ligand for notch receptors that may influence
haematopoietic cell fate decision) in macrophages and stimulates a mild Th2 type
immune response; however it was not enough to generate a Th2 type immune response
by itself (van der Ree and Mutapi, 2015). Due to the complexity in collection and
harvesting of ES products from host tissue and the inability to mimic in vivo
environment in an in vitro environment, studies on the immune modulation by ES
products is a daunting challenge for researchers. In the adult worms, ES products are
mostly secreted by the excretory cells and co- localized to the tegumental and sub-
tegumental region along with the gut epithelium (Hewitson et al., 2009; Liu et al.,
2009). Six of these ES products have been suggested as potential vaccine targets
(Paramyosin, glutathione S-transferase, IrV-5, Triose phosphate isomerise, Sm23
and Sm14) (Bergquist and Colley, 1998). The ES comprises of important components
of all the intra-mammalian stages including the egg (Driguez et al., 2016) (Figure 2.2).
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2.4.1 Immune response against cercariae and schistosomula

Protective immunity to helminths develops slowly, and the effector mechanisms for
eliminating parasites in humans are not well described; however, animal models have
defined a set of Th2-dependent pathways that mediate protection (McSorley and
Maizels, 2012). The entry of the schistosomula through the skin elicits an
inflammatory response due to infiltration of polymorphonuclear and mononuclear
cells that is followed by the localized production of pro- inflammatory cytokines
IL-1b, IL- 12, TNF-a, MIP-1a and IL- 6 (Ramaswamy et al., 2000; Angeli et al.,
2001; Hogg et al., (2003)a; Hogg et al.,
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A developing schistosomulum

Figure 2.2: Sources of parasite materials for proteomics studies from a developing
schistosomulum showing some key compartment and sources of
previously studied schistosome proteins.

SWAP (Soluble Worm Antigen Preparation); SLAP (Soluble Lung
Antigen Preparation); SEA (Soluble Egg Antigen); ES products
(Excretory and Secretory products).

Source: Driguez et al., 2016
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(2003)b). The invasion and consequent infection by the schistosomes leads to a
predominantly Th2 immune response. One of the main immunomodulatory cytokine
induced following exposure to cercariae is the anti- inflammatory IL- 10 (Kumar and
Ramaswamy, 1999; Ramaswamy et al., 2000; He et al., 2002). Cytokine analysis
showed a rapid increase in the levels of IL- 10 within a few hours of the parasite entry
into the skin, along with significant reduction in the levels of IL- 1a and IL- 1b and

increased levels of IL- 1ra (Ramaswamy et al., 1995; Kumar and Ramaswamy, 1999).

Keratinocytes have been suggested as the main source of IL- 10 in the skin along with
dendritic cells (DC), macrophages and B1 lymphocytes (Ramaswamy et al., 2000).
Cercariae ES products stimulate the production of inhibitory molecules which include
prostaglandins such as prostaglandin E2 (PGE2) and parasite- derived prostaglandin
D2 (PGD2) in all Schistosoma spp and IL-1ra (IL-1 receptor antagonist) in S.
mansoni and S. haematobium (He et al., 2002). The production of the prostaglandins
(PGE2) due to Schistosomula invasion leads to an increased production of IL- 10 in
the skin and acts as a potent vasodilator which might facilitate the easy passage of the
parasite into the circulation (Salafsky and Fusco, 1987; Ramaswamy et al., 2000).
PGE?2 aids the production of IL- 10 through a cyclooxygenase 2- dependent pathway
(Harizi et al., 2002).

Parasite- derived PGD2 which is the ES component of the schistosomula, has been
reported to inhibit migration of epidermal Langerhans cells to the site of invasion
(Angeli et al., 2001). Physiologically, Langerhans cells are found anchored to
neighboring keratinocytes and when the skin is penetrated by parasites, both
keratinocytes and Langerhans cells produce pro- inflammatory cytokines such as
TNF-aand IL- 1b. The expression of these cytokines, in turn, leads to the diminished
expression of E-cadherin and stimulates actin- dependent movements of the
Langerhans cells. However, during a schistosoma infection, the migration of
Langerhans cells is inhibited due to the parasite- induced production of PGE2 by the
host cells and parasite- derived PGD2 that both lead to an increased production of
IL-10. IL-10 impedes migration of Langerhans cells by downregulating the
production of IL- 1b and TNF-a by epidermal cells (Wang et al., 1999). Thus, the
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purpose of the schistosome- induced IL- 10 production is to create anti-inflammatory
cytokine environments which can downregulate the host immune response against the
invading parasite (Ramaswamy et al., 2000; Hoffmann et al., 1999). The interruption
of the migration of antigen presenting cells from site of exposure to the draining
lymphoid tissue is another strategy adopted by the parasites to modulate the host’s

immune response.

The schistosomula also adopts additional strategies to evade the host immune
response. The ES products from the schistosomula can induce in vitro mast cell
degranulation, and hence, lead to production of IL-4, release of histamine and
5- hydroxytryptamine in an IgE- independent manner (Machado et al., 1996). One of
the components of the ES products, termed S. mansoni apoptosis factor (SMAF), has
been shown to induce apoptosis specifically in the CD4+ lymphocyte population via a
Fas protein and Fas ligand interaction. The CD4+ apoptosis allows the schistosomula
to escape detection by the host immune system (Chen et al., 2002). Once the
schistosomula evaded the immune response, it gains entry into the portal veins and
remains in the circulatory system. Within 1-3 weeks, it turns into a sexually active
adult that adheres to the inner lining of the veins. The male and female adult
schistosomes form a pair and can adhere to their chosen vein lining, escaping the
host’s immune response for decades.

2.4.2 Immune responses triggered by schistosome eggs
The worms themselves have been identified to be poor inducers of a Th2 response
(Holland et al, 2000), it is known that schistosome eggs or soluble antigens that are
derived from the eggs induce an intense Th2 response without the need for additional
adjuvant (Pearce et al., 1991; Vella et al., 1992). The onset of egg production by the
adult schistosomes is associated with the skewing of the CD4 response toward the Th2
polarization, characterized by production of IL-4, IL-5 and IL- 13 (Annapurna and
Uday, 2013). IL- 4 is one of the key cytokines that play a role in the regulation of the
development of the Th2 response. IL- 4 is produced in small amounts by naive CD4
cells. This IL- 4 in turn acts in an autocrine manner to induce GATAS3 expression, and

establish the Th2 phenotype. The resultant IL- 4/IL- 4R/Stat6 signaling pathway plays
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an important role in stabilizing and expanding the Th2 cell populations (Ho et al.,
2009).

In mouse models in which the egg antigens were injected, rapid induction of strong
Th2 responses were observed (MacDonald et al., 2001). Dentritic Cells (DCs), as the
most potent antigen presenting cells and the sentinels of cell- mediated adaptive
immunity, are known to play a central role in initiation and polarization of T- cell
responses. S. mansoni eggs preparations have been shown to prime Th2 cells through
the functional modulation of DCs (MacDonald et al., 2001; de Jong et al., 2002;
Everts et al., 2009; Zaccone et al., 2011). Some studies have shown that carbohydrates
on egg antigens are integral to this process (Okano et al., 1999; Williams et al., 2001)
and, specifically, that a polylactosamine sugar (lacto-N-fucopentaose I11) acts as a Th2
adjuvant (Okano et al., 2001).The emerging role of carbohydrates as important factors
in inducing immune response during schistosomiasis opens up the possibility that
innate pattern-recognition receptors that identify carbohydrates might have a crucial
role in the induction of a Th2 response (Pearce and MacDonald, 2002). Some other
studies also reported Omega- 1 and S. mansoni glycoprotein w- 1 as inducers of Th2

responses.

Several cytokines other than IL-4 have been implicated in Th2 development.
However, these cytokines have been identified to be of little importance for the
expression of this type of immune response during schistosomiasis. IL-13, which is
closely related to IL-4, seems to be crucial for granuloma formation and fibrosis,
rather than Th2 development per se (Fallon et al., 2000). IL-6 can direct the
development of IL-4-producing T cells. IL-6 does not have a main role during the
development of Th2 responses to schistosome eggs in vivo (La Flamme et al., 1999),
though it might be involved at some level in the regulation of IFN-y and IL-12
production (La Flamme et al., 2000). One direct correlation of Th2 polarization is the
presence of M2 macrophages in the granuloma, which undergo alternative activation
by IL- 4 and IL- 13; this in turn is important for the immune response to parasites as
opposed to the classical macrophage activation induced by IFN- vy, which triggers a
pro- inflammatory response that is required to Kkill intracellular pathogens (Gordon and
Martinez, 2010).
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IL-1R-related molecule T1/ST2 have also been implicated in the induction of a Th2
response (Pearce and Macdonald, 2002). T1/ST2 expression has been implicated in
Th2 cytokine production ex vivo after the intravenous injection of S. mansoni eggs
(Townsend et al., 2000). The expression of T1/ST2 seems to be enhanced on CD4+ T
cells that are isolated from schistosome egg induced lung granulomas or from the
livers of infected mice (Pearce and Macdonald, 2002).

2.4.3 Contribution of various immune cells to the immunopathology of
schistosomiasis
Chronic morbidity during schistosomiasis develops as a result of schistosome eggs
that lodge in the liver, bladder, gut or other organs causing extensive tissue damage.
An immunocompetent host mounts a vast immunological rebuttal to parasite eggs with
the development of a vigorous collagen-rich granulomatous response around the eggs
(Wilson et al., 2007).

Although granulomatous inflammation is principally triggered by CD4+ cells,
cytotoxic CD8+ T lymphocytes, B cells, alternatively activated M2 macrophages,
eosinophils and mast cells are also engaged in the development and maintenance of
granuloma. Tissue eosinophil infiltration is aided by IL- 5 and IL- 13 in the granuloma
(Sher et al., 1990; Sher et al., 1990b; Reiman et al., 2006). However, transgenic mice
deficient in eosinophils and infected with S. mansoni show no apparent defect in
parasite load, granuloma formation and fibrosis (Swartz et al., 2006).These infected
mice, with no eosinophil detected in bone marrow and granuloma and high IL-5
serum levels, were comparable to their wild type counterparts in terms of granuloma
number, size, or fibrosis. The role of eosinophils as well as mast cells in S. mansoni
induced immunopathology remains unclear. T- cell deficient mice show impaired
granuloma formation leading to mortality due to infection within 4-6 weeks
(Doenhoff et al., 1981). Without CD4+ T cells, the granuloma has preponderance of
neutrophils rather than eosinophils, with extensive damage to liver. In the
immunocompetent mice, the liver has normal functions, suggesting that granuloma
formation may be helpful to the human host in order to sequester the eggs whose
secretion can induce hepatotoxicity (Doenhoff et al., 1981; Dunne et al., 1991). CD4+

T cells have also been shown to be important for egg excretion in mice and humans
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(Doenhoff et al., 1981; Karanja et al., 1997). Regulatory T cells (Tregs) with
CD4+CD25+Fox3+ phenotype have been shown to suppress IL-4 in the murine
chronic stage that is reflected in the reduction in the size of granuloma (Turner et al.,
2011). Thus, Tregs may play a role in limiting the pathogenesis in the chronic stage of

the disease.

2.5 Susceptibility and resistant factors for schistosomiasis
There is an obvious pattern of age-dependent intensity of infection where individuals

below the age of puberty are heavily infected by parasites, and those in older age
brackets are generally less heavily infected (Pearce and MacDonald, 2002).
Identification of specific genes that are associated with infection susceptibility
provided evidence that immune-related and especially Th2-related genes, tended to
associate with helminth infection (Russell et al., 2015). Mice inability to make TH2
responses make them acutely sensitive to infection with schistosomes and highly
susceptible to intestinal helminth infections (Finkelman et al., 2001). Immune-
epidemiological data have shown that the intensity of infection is influenced by a
major gene called the SM1 gene that is mapped to a region of chromosome 5 in the
5031-g33 that codes for proteins that are associated with regulation of the Th2
response such as cytokines like I1L-3, IL-4, IL-5, IL-9, and IL-13 and IgE (Marquet et
al., 1996; Dessein et al., 2001; Gatlin et al., 2009).

Polymorphisms in these cytokines that lead to an increase or decrease in cytokine
levels could influence the antibody isotypes and cellular interactions that in turn may
contribute to resistance or susceptibility of individuals to reinfection with
schistosomiasis (Gatlin et al., 2009). Kouriba, et al., (2005) reported that IL-13
21055C (rs 1800925) and 2591A (rs 2069743) were associated with the upper 10%
infection levels in individuals infected with S. haematobium (susceptibility). There
have been varied reports on effect of 1L-4 -590 C/T (rs 2243250) polymorphism on
IgE levels, one of which showed that infants with a 1L-4 -590 C allele had a higher
risk of elevated IgE in their cord blood (Wen et al., 2006). However, it was also
reported that total IgE levels were significantly elevated in children with severe
malaria carrying the -590T allele (Verra et al., 2004, Gatlin et al., 2009). IL-4 is also
well known for its important role in IgE class switching (Bacharier and Geha, 2000).
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Gatlin et al., (2009) in an univariate analysis reported a significant correlates between
resistance to reinfection with S. mansoni and the heterozygous (C/T) IL-13 -1055
genotype, any T allele in the IFN-c +874 genotype, and the heterozygous (C/T) in the
IL-4 -590 genotype.

Analysis of S. haematobium infection in Mali revealed that in chromosomal region
5031-g33, polymorphisms in the IL13 gene promoter at —1055 and —591 were
associated with the infection rate: alleles —1055C and —591A were preferentially
transmitted to children with the 10% highest infection rate, whereas —1055T
associated with the lowest infection levels (Kouriba et al., 2005). Another study in
Mali revealed an association between a single-nucleotide polymorphism in the STAT6
gene at 12q13.3 and intensity of infection by S. haematobium; this polymorphism had
an additive effect with IL13 —1055 (He et al., 2008).

Comparison of immune responses of susceptible individuals and those who are
resistant to reinfection has shown that there is a correlation between immunoglobulin-
E responses to worm (not egg) antigens and immunity, which implicates IgE in the
protective effector mechanism (Pearce and MacDonald, 2002). Drug treatment of
affected populations followed by careful assessment of reinfection status has shown
that children usually become heavily reinfected, whereas older individuals might
become reinfected, but remain less heavily infected than they were before treatment.

So, in endemic areas, older individuals are resistant to reinfection.

Mice that are infected with S. mansoni are unable to clear the primary infection, but
nevertheless are partially resistant to superinfection. However, the use of mice for
studies of resistance to reinfection has been questioned on two points. First, resistance
in mice might, in large part, be due to the development of portosystemic vascular
shunts (Pearce and MacDonald, 2002). In these animals, immature parasites of a
secondary infection might find it difficult to localize to the portal vasculature and,
instead, will be carried by the blood flow, through varices, to non-permissive areas of
the vasculature. This resistance is, therefore, more anatomical than immunological,
and it is related to pathological changes that are more prevalent in infected mice than

in infected humans (Dunne and Pearce, 1999). Moreso, the cellular distribution of the
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high-affinity receptor for IgE (FceR1) on mouse cells differs from that on human cells.
As IgE dependent eosinophil-mediated ADCC is a possible effector mechanism of
protective immunity in humans, the lack of FceR1 on mouse eosinophils is of
particular concern when attempting to model human immunity using the mouse
(Dombrowicz et al., 2001).

2.6 The relation of Schistosomia hematobium to bladder cancer
Schistosomiasis was first linked to urinary bladder cancer in Egypt in the year 1911

(Fergusson, 1911). The incidence of urinary bladder cancer in the Middle East and
Africa is greater in areas with high rather than low S. haematobium prevalence. There
are several factors that may contribute to the oncological potential of schistosomia
infection. The ova deposited in the bladder provoke an intense inflammatory reaction,
associated with the production of oxygen-derived free radicals, which may induce
genetic mutations or promote the production of carcinogenic compounds (such as N-
nitrosamines and polycyclic aromatic hydrocarbons) (Rossin et al., 1994; Zaghloul,
2012), leading to malignant transformation. It is known that schistosomiasis is often
accompanied by chronic bacterial super-infection, which may in itself predispose to
squamous cell (SC) neoplasia (Shokeir et al., 2004). Bacteria that usually accompany
schistosomiasis can promote the formation of N-nitrosamines. International Agency
for Research on Cancer (IARC) found that the intensity of infection is determined by
urinary egg counts and compounded by smoking, and the combination was strongly
considered (IARC, 1994; IARC, 2011). Positive association between bladder cancer
and SH infection was detected, with odd ratios ranging from 2 to 14 (IARC, 1994;
IARC, 2011).

2.6.1 Pathology of schistosomiasis and schistosoma-associated bladder cancer
(SA-BC)

The pathological findings in schistosomiasis are mainly due to inflammatory and

immunological responses to egg deposition. Granulomatous areas form around the

eggs induce an exudative cellular response consisting of lymphocytes,

polymorphonuclear leukocytes and eosinophil. The peri-oval granulomas, fibrosis and

muscular hypertrophy are detected histologically. In the urinary bladder, masses of

large granulomatous inflammatory polyps containing eggs are found at urinary bladder
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walls. Polyps may ulcerate and slough, producing hematuria. Bladder ulcers, sandy
patches, irregularly thickened or atrophic bladder mucosa, fibrosis and granulomas
containing calcified or disintegrated eggs were also seen (Smith and Christie, 1986;
Zaghloul, 2012). The response to egg deposition could lead to calcification of the
urinary bladder, infection, stone formation and mucosal proliferation (Zaghloul, 2012).

2.6.2 Carcinogenesis of chronic schistosoma infection
Efforts have been made to study the specific genes involved in the induction of SA-
BC. Cell exposed to S. haematobium cell total antigen (worm extract) was found to
divide faster than those not exposed to the antigen and died much less, probably due to
the increased level of bcl2 (Botello et al., 2009). Murine urothelium exposed to S.
haematobium total antigen showed dysplasia, low grade intra-urothelial neoplasm,
non-invasive malignant flat lesions in 70% of the tested mice. Bladder carcinoma
harbors gene mutations that constitutively activate the receptors tyrosine kinase Ras
pathway (Wu, 2005). Botelho et al., (2010) suggested that the parasite extract has

carcinogenic ability possibly through oncogenic mutation of Kras gene.

Among the most common genetic changes in bladder cancer is the loss of
heterozygosity (LOH) on chromosomes 9p and 9q, which is found regardless of tumor
grade and stage (Jacobs et al., 2010; Mc Conkey et al., 2010). No line of demarcation
between schistosomiasis-associated and non-schistosomiasis-associated bladder cancer
detected in terms of LOH of microsatellite markers on chromosome 9. This suggests
that data obtained from SA-BC can be extrapolated to bladder cancer induced by other
etiologic mechanism (Abdel Wahab et al., 2005). Bladder cancer is a very
heterogeneous disease cytogenetically, which suggests that the pathogenesis of the
disease may not be consistent for every case. The overexpression of the BCL-2 gene in
SA-BC patients was found to be up-regulated in squamous but not transitional cell

cancers.

Therefore, this BCL-2 overexpression is consistent with the predominance of SCC in
SA-BC. Mutations of TP53 were detected in 73% of tumors, BCL-2 expression in
32% and abnormalities of both TP53 and BCL-2 in 13% (Chaudhary et al., 1997).
Cyclooxygenase-2 is also overexpressed in SA-BC (Zaghloul, 2012). H-RAS, deletion
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of p16 and pl5, increased epidermal growth factor receptor, c-erb-2 and tumor
necrosis factor-alpha are additional mutation reported. These changes increase
tumorigenicity by decreasing cell apoptosis and/or creating immunosuppression.
Prostaglandin products of cyclooxygenase-2 cause tumor progression and eventual
metastasis by down-regulating adhesion molecules, increasing the degradation of
extracellular matrix and increasing angiogenesis (El-sheikh et al., 2001).

2.6.3 Schistosoma-associated bladder cancer (SA-BC)
The association between schistosoma-associated bladder cancer and S. haematobium
was initially established through case-controlled studies and through the close
correlation of the incidence of bladder cancer with the prevalence of S. haematobium
within different geographic areas (Zaghloul, 2012). The association was based on the
frequent association of tumors with the presence of parasitic eggs and egg-induced
granulomatous pathology involving bladder tissues. However, there is yet, no clearly
defined cellular mechanisms linking S. haematobium infestation with bladder cancer

formation.

Schistosoma-associated bladder cancer was known by characteristic pathology (i.e.
squamous cell carcinoma, transitional cell carcinoma, or adenocarcinoma, rather than
predominantly transitional) and cellular and molecular biology that may differ from
non-schistosoma- associated bladder cancer (NSA-BC). The cytogenetic and
molecular genetic abnormalities were scarcely studied in SA-BC. Some compared
DNA copy number changes in schistosoma-associated bladder cancer and NSA-BC
(Kallioniemi et al., 1992; Muscheck et al., 2000; Fadl-Elmula et al., 2002). Muscheck
et al. (2000), demonstrated deletion similarities in Schistosoma-associated transitional
cell carcinoma (SA-TCC) and Schistosoma-associated squamous cell carcinoma (SA-
SCC), compared to what has been previously reported by Kallioniemi et al., (1992) on
SNA-TCC and Tsutsumi et al., (1998) on SNA-SCC. Armengol et al., (2007) in pools
of tissue arising from patients having similar pathological subtypes revealed recurrent
primary changes that prevail in each subtype, The pooled specimens of SA-BC tumors
showed no schistosomiasis specific changes, compared with pools of NSA tumors.
The comparison between SA-TCC and SNATCC and that between SA-SCC and SNA-
SCC were similar. DNA copy number profiles of urinary bladder SA adenocarcinoma
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revealed similarities to those of SA-TCC and SA-SCC (Vauhkonen et al., 2007).
Detailed individual gene analysis revealed a set of genes with the same copy number
changes in all bladder carcinomas, including both SA and SNA tumors. There were no
major cytogenetic differences among different urinary bladder epithelial tumors,

regardless of the suspected predisposed carcinogen (Armengol et al., 2007).

Abnormalities in chromosomes 1, 3, 5, 7, 9 and 17 are the most frequently involved
chromosomes in urothelial bladder cancer (Heim and Mitelman, 1995). Aly et al.
(2012) used Fluorescence in situ hybridization (FISH) technique to show changes in
SA-BC. This had previously been detected using Comparative genomic hybridization
CGH technique in SA-BC together with aberrations in chromosomes 3, 4, 5, 6 and 11
(Lopez-Beltran and Chen, 2006; Hogland, 2012). It was shown that the most
commonly found chromosomal deletion in all stages in SA and SNA-BC involves
deletions in chromosome 9 (Jacobs et al., 2010; Mc Conkey et al., 2010; Aly et al.,
2012), resulting in the loss of their gene encoding proteins that activate the Rb and P53
tumor suppressor pathways. Furthermore, chromosome 9 harbors the TSC1 tumor
suppressor that down-regulates the antiapoptotic Akt/mTOR pathway (Abraham et al.,
2007). Therefore, deletions on one chromosome may have a crucial influence on the
initial steps in tumor development. Furthermore, these mutations may overactivate the
fibroblast growth factor receptor 3 protein, which likely directs bladder cells to grow
and divide abnormally leading to the formation of bladder tumor (Aly et al., 2012).
This suggested that cytogenetic profiles of chemical and schistosoma-induced cancer
are largely similar (Fadl-Elmula et al., 2002; Armengol et al. 2007). The decreased
intensity of schistosomiasis in Egypt led to a changing pattern of the
clinicoepidemiologic features of SA-BC. The reported clinicoepidemiologic
differences between SA-BC and SNA-BC are now continuously minimizing and the
features of SA-BC are slowly approaching those of SNA-BC as reported by Zaghloul
et al. (2008). If these changes continue, SA-BC is expected to become identical in
features to that of western countries SNA-BC (Zaghloul et al., 2008; Lopez-Beltran
and Chen, 2006; Salem and Mahfouz, 2012).
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2.6.4 Age and gender distribution among schistosoma-associated bladder
cancer population

In schistosome-free countries throughout the world, the peak incidence of bladder
cancer is in the sixth or seventh decade of life (La Vecchia et al., 1991) and is
maximal between the ages of 65 and 75 years (Burnham, 1989); only 12% of bladder
cancer cases occur in people younger than 50 years (Payne, 1959). By contrast, in
Egypt, Sudan, Iraq, Zambia, Malawi, and Zimbabwe, the mean age of the highest
incidence of bilharzial bladder cancer is between 40 and 49 years (Al-Adnami, 1983,
Malik et al., 1975; El-Bolkainy et al., 1981; Lucas 1982; Elem and Purohit, 1983;
Ibrahim, 1986), which clearly contrasts with the findings for nonschistosomal areas.
The ratio of bladder cancer incidence (males to females) in countries with endemic
infection was reported to be 5:1 (El-shebai, 1978) but may vary within the range of 4:1
to 5.9:1 (Ibrahim, 1986). The relatively higher gender ratio in the countries with
endemic infection (c.f. 3:1 in countries of nonendemicity) has been suggested to be
due to agricultural activities done by men who come in contact with infected waters
during agricultural activities (Aboul-Nasr et al., 1986). Hosni and Soheir, (2012) have
reported that mean patient age increased from 41 + 11.2 years to 52 + 8.6 years, and
the male to female ratio changed from 5.6:1 to 4.2:1.

2.7 Bladder cancer studies as a window into SABC pathophysiology

Urinary bladder cancer occurs frequently, with the highest incidence in developed
countries. It is typically diagnosed in older patients (55 years of age or older) (Ploeg et
al., 2009). Up to 95% of the patients develop urothelial cell carcinoma. The remaining
types include adenocarcinoma, squamous cell carcinoma and other rare histological
types (Ploeg et al., 2010). Urothelial cell carcinoma also can include such histological
variants, which can influence prognosis (Amin, 2009). About 75% of patients are
diagnosed with non-muscle-invasive bladder cancer (NMIBC), containing the clinical
stages Ta, T1 and CIS (carcinoma in situ). The Ta stage is characterized by the
presence of noninvasive papillary lesions of low and high grade (with the latter
occulting most frequently). T1 tumors invade into the subepithelial connective tissue
but not into the muscle layer. T1 tumors harbor a higher risk of progression to muscle-

invasive disease, and even come into consideration for cystectomy. Carcinoma in situ
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is a flat high-grade lesion and has a higher progression rate to muscle invasive bladder
cancer (MIBC) (Babjuk et al., 2011). The treatment of NMIBC involves the removal
of the tumor by transurethral resection (TUR). Surgical removal is usually followed by
a course of intravesical installations of chemotherapy or immunotherapy, which

reduce the risk of recurrence.

However, the impact on progression and cancer-specific survival remains uncertain
(Van den Bosch and Alfred, 2011).The remaining 25% of patients are diagnosed with
MIBC (T2 stage or higher). Due to the high rate of progression to metastatic disease,
MIBC, if still confined to the bladder, is mostly treated by radical cystectomy
(Sawhney et al., 2006), but systemic chemotherapy, and radical radiotherapy are also
widely used in some countries (Merseburger and Kuczyk, 2007). The main risk factor
for developing bladder cancer is tobacco smoking, accounting for an estimated 50% of
cases among men and 35% of cases among women (Murta-Nascimento et al., 2007).
Smoking cessation reduces the risk of developing bladder cancer immediately.
However, due to the fact that many carcinogens are present in tobacco smoke, which
alter gene expression and damage the DNA, the increased risk is still present even
after 25 years (Volanis et al., 2010). Bladder cancer risk is also correlated with various
occupational (mainly aromatic amines) and environmental exposures (e.g., arsene in
drinking water). Other risk factors include exposure to ionizing radiation, chronic
inflammation or schistosomiasis (Kiriluk et al., 2012).

Urinary bladder cancer (UBC) is a common malignancy of the urinary tract, with
180,500 estimated new cases each year and 38,200 deaths in the European Union
(Burger et al., 2013). There are 76,960 (54,950 males and 18,010 females) estimated
new cases and 16,390 (11, 820 males and 4, 570 females) estimated deaths in United
States (Siegel et al., 2012; American Cancer Society, 2016; Figure 2.3). Despite many
years of research and the identification of several genes involved in bladder cancer
pathogenesis, the large part of its heritability remains unknown (Kiemeney et al.,
2009). In the past, many hypothesis-driven candidate gene studies were performed.
However the majority of results were not reproduced, with the exception of GSTM1
and NAT2 genes (Chung et al., 2010).
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Figure 2.3. Global estimated age-standardized incidence and mortality rates from
urothelial bladder cancer per 100 000 in (A) men and (B) women.
(Source: Burger et al., 2013)
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2.8 Genetic susceptibility to bladder cancer risk

2.8.1 Candidate gene studies

Since the establishment of the major environmental risk factors of bladder cancer,
basic understanding of the biology of carcinogen action and host defense, major
efforts have been made to study candidate genetic variations in cellular signaling
pathways. Genes hypothesized to be involved in the carcinogenesis processes,
including metabolism of carcinogens, DNA repair, cell cycle checkpoints, apoptosis
and inflammatory response have also been considdered (Wu et al., 2008; Grotenhuis
et al., 2010).

Two genotypes, N-acetyltransferase 2 (NAT2) slow acetylator and glutathione S-
transferase pl (GSTM1)-null genotypes, have been replicated and conferred relatively
strong associations with bladder cancer risk (Moore et al., 2004). In addition, pooled
analyses and meta-analyses showed weak associations between several DNA repair
gene SNPs and bladder cancer risk (Stern et al., 2009).

2.8.2 GSTM1 and GSTT1-null genotype on 1p13.3
Glutathione S-transferases are a major family of phase Il enzymes that function in
detoxifying environmental carcinogens. GSTM1 detoxifies a number of carcinogens
including polycyclic aromatic hydrocarbons (PAHSs) such as benzopyrene. A meta-
analysis of 28 studies (5072 cases and 6466 controls) showed that GSTMZ1-null
genotypes conferred a 50% increased bladder cancer risk, which was further
confirmed in a recent larger study of 7552 cases and 9688 controls (Gu and Wu,
2011). Interestingly, this association was strongest in never smokers and became
progressively weaker in former and current smokers. This observation suggests that
GSTM1-null genotype lowers the risk of bladder cancer through mechanisms that are
not specific to the detoxification of tobacco carcinogens. In never smokers, GSTM1
may protect cells from oxidative damage through metabolism of reactive oxygen
species and loss of GSTM1 allele would lose the protection and lead to increased
bladder cancer risk. In current smokers, the heavy tobacco carcinogen exposure may

overwhelm the genetic effect of GSTM1 genotype.
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Univariate conditional logistic regression analyses of individuals carrying either the
GSTM1 or GSTT1 polymorphic variant (null) genotypes had revealed slightly elevated
risks of bladder cancer when compared to those carrying the corresponding active
allele(s). Also bladder cancer risks association was greater with combinations of the
inactive variants GSTM1 and GSTT1 polymorphisms than having either one alone
(Moore et al., 2004).

2.8.3 N-acetyltransferases (NAT) 2 slow acetylator
N-acetyltransferases (NATSs) are Phase Il metabolism enzymes that catalyze the
acetylation of aromatic and heterocyclic amine carcinogens and therapeutic drugs.
There are two major isoforms of NAT in human cells: NAT1 and NATZ2, both are
polymorphic in human cells and can categorize the human population into NAT1 (or
NAT2) rapid, intermediate and slow acetylator phenotypes (Vatsis et al., 1995; Hein,
2002). NATs may either activate or inactivate carcinogens depending on the specific
type of acetylation that occurs on the substrate: N-acetylation is typically a detoxifying
reaction, whereas O-acetylation usually activates (Hein, 2002). For cancers in which
N-acetylation is a prominent detoxification mechanism such as aromatic amine-related
bladder cancer, NAT2 slow acetylator phenotype confers increased risk because it has
a decreased capacity to detoxify aromatic amines by N-acetylation (Hein, 2002). In
humans, NAT2 slow acetylator phenotype can be represented by combinations of
several SNPs (Hein, 2002).The association of NAT2 slow acetylator genotype with
increased bladder cancer risk has been compellingly demonstrated by large case—
control studies and meta-analyses (Garcia-Closas et al., 2005; Gu et al., 2005). In the
meta-analysis of 22 studies (5091 cases and 6501 controls), NAT2 slow acetylator
genotype conferred a 40% increased bladder cancer risk (Gu et al., 2005; McGrath et
al., 2006). In addition, there was a significant interaction between NAT2 genotype and
smoking (p for interaction = 0.009). These observations were further confirmed in a
publication of even larger sample size of 10,519 cases and 13,218 controls (Rothman
etal., 2010). A SNP (rs1495741), located at the 3'-end of NAT2 on chromosome 8p22,
was found to tag NAT2 acetylation phenotype. The G allele was associated with a
reduced bladder cancer risk. The AA genotype, which tags the slow acetylator as

compared with the GG and AG genotypes that tag rapid and intermediate acetylator,
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conferred a significantly increased bladder cancer risk. Moreover, the association was
only evident in smokers, but not in never smokers, confirming a significant genotype—
smoking interaction (Gu and Wu, 2011). The association between bladder cancer risk
and NAT1 acetylator genotypes has been inconsistent, mostly with null results (Garcia-
Closas et al., 2005; Gu et al., 2005; Agundez, 2008).

2.8.4 DNA repair gene SNPs
Stern et al. (2009), performed meta-analyses and pooled analyses on polymorphism in
DNA repair genes in association to bladder cancer risk, these include 5282 cases and
5954 controls of non-Hispanic white origin. Weak but consistent associations were
observed for ERCC2 D312N (rs1799793), NBN E185Q (rs1805794) and XPC A499V
(rs2228000). The association with NBN E185Q was only evident in ever smokers (p
for interaction = 0.002). (Gu and Wu, 2011)

2.8.5 Genome Wide Association Studies (GWAS) on susceptibility to bladder
cancer

While NAT2 slow acetylation and GSTM1-null genotypes exhibited similar
associations among noninvasive and invasive Urothelial Bladder Cancer (UBC),
Kiemeney et al., (2010) reported data from a large genome-wide association study
demonstrating a sequence variant on 4p16.3 not only associated with UBC but also
located close to the well-established oncogene fibroblast growth factor receptor 3
(FGFR3), which is often mutated in low-grade, noninvasive urothelial bladder cancers.
In addition, the frequency of this sequence variant is higher in urothelial bladder
cancers carrying an activating FGFR3 mutation, demonstrating a link between
germline variants, somatic mutations of FGFR3, and risk of Urothelial bladder cancer
(Guey et al., 2010; Kiemeney et al., 2010). Three large genome-wide association
studies demonstrated eight common sequence variants associated with Urothelial
bladder cancer located at 8q24.21, 3928, 8924.3, 4p16.3, 22q13.1, 19912, 2g37.1, and
5p15.33 (e.g., missense variant rs2294008 in the prostate stem cell antigen gene
(PSCA) and T allele of rs798766 on 4p16.3 (Guey et al., 2010; Kiemeney et al., 2010;
Wu et al., 2009), which were all replicated extensively (Rothman et al., 2010). Data
from these studies were recently reported, suggesting genetic predisposition in relation
to the solute carrier family 14 (urea transporter) gene (SLC14A) that is associated with
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renal urine concentration, and thus with variations in contact of carcinogens with
urothelial surfaces (HR: 1.17; 95% ClI, 1.11-1.22) (Rafnar et al., 2011).

Genetic disposition has been suggested to affect the individual susceptibility to
extrinsic carcinogens, mainly tobacco smoke. N-acetyl transferase enzymes (NATL,
NAT2) are involved in bioactivation and detoxification of such carcinogens; a slow
NAT2 acetylator genotype was found to be a significant risk factor for urothelial
bladder cancers pronouncedly in smokers (HR: 1.31; 95% ClI, 1.01-1.70) (Gu et al.,
2005). Increasing evidence suggests a significant influence of genetic predisposition

on incidence, especially via the impact on susceptibility of other risk factors.

2.9 Biomarkers already developed for bladder cancer

2.9.1 Biomarkers overview
The National Institutes of Health’s (NIH’s) National Cancer Institute (NCI), describes
biomarkers in its dictionary of cancer terms as a“biological molecule found in blood,
other body fluids, or tissues that is a sign of a normal or abnormal process, or of a
condition or disease. A biomarker may be used to see how well the body responds to a
treatment for a disease or condition. Biomarkers are also called molecular marker and
signature molecules.” (Alok and Mukesh, 2010)

2.9.2 Protein markers for bladder cancer
Many soluble protein markers in voided urine have been explored for bladder cancer
diagnosis and screening. These markers include blood group antigens, tumour
associated antigens, proliferating antigens, oncogenes, peptide growth factors and their
receptors, cell adhesion molecules, tumour angiogenesis and angiogenesis inhibitors,
and cell cycle regulator proteins (Fei et al., 2014). Several of these markers, including
bladder tumour antigen (BTA-stat, BTA-TRAK), nuclear matrix protein-22 (Bladder
Check and Bladder Cancer Test) and fibrinogen degradation products (ACCU-DX),

have been approved by the FDA for clinical use.

A previous study aimed at establishment of a complete two-dimensional database of
proteins from the urine of patients with bladder cancer, has listed 339 proteins

expressed in urine samples of bladder cancer patients with potential application as
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prognostic tumour markers (Ghafouri-Fard et al., 2014). Because proteins are the main
executor bio-molecules in cells, protein biomarkers are more important than DNA or
RNA biomarkers (Ravichandran et al., 2004; Srivastava et al., 2005). Protein
molecules influence the molecular pathways in normal and transformed cells.
Therefore, proteomic markers are closer and more relevant to the disease state
initiation and progression. The only FDA-approved biomarkers currently available for
clinical use are protein molecules. Protein-based signatures are derived from the
techniques of classical two-dimensional (2-D) fluorescence difference gel
electrophoresis (DIGE); polycarylamide gel electrophoresis (PAGE); and high
throughput platforms, such as Mass Spectroscopy (MS), Matrix Associated Laser
Absorption Desorption lonization Time of Flight (MALDI-TOF), Surface Enhanced
Laser Absorption Desorption lonization Time of Flight (SELDITOF), and reverse
phase microarray (Verma et al., 2003; Ravichandran et al., 2004; Everly et al., 2004;
Paweletz et al., 2001; Zhou et al., 2002; Cheng-Han et al., 2013). Quantum dots and
nanoparticles are recent additions to the technologies available to assess the potential
of protein molecules as cancer biomarkers (Seydel, 2003). Quantitative proteomics has
been utilized to discover cancer biomarkers in different organ sites, with techniques
such as Stable Isotope Labeling with Amino Acids in Cell culture (SILAC) for
prostate cancer (Everly et al., 2004); iTRAQ, Liquid Chromatography-Mass
Spectrometry/Mass Spectrometry (LC-MS/MS), Capillary electrophoresis-mass
spectrometry (CE-MS) for bladder cancer (Theodorescu et al., 2006; Chien-Lun et al.,
2013; Goodison et al., 2013).

The diagnostic utility of various proteins that have previously been associated with
bladder disease status has been tested. The majority of studies have tested single
biomarkers in diverse cohorts, or combined novel and current tests in combination
(Kelly et al., 2012), but increasingly multiplex combinations are being evaluated. A
study by Abogunrin et al., (2012), evaluated 23 previously reported protein
biomarkers for bladder disease in urine from a cohort of 80 patients with bladder
cancer and 77 controls. Univariate analysis revealed that nine biomarkers were
significantly differentially expressed with respect to cancer burden, some of which
include Bladder Tumor Antigen (BTA), Nuclear Matrix Protein (NMP22), Epidermal
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Growth Factor (EGF), Thrombomodulin (TM). Multivariate algorithms that combined
demographic information (age and smoking history) with molecular data significantly
improved performance compared to demographic information alone. A combination of
NMP22, BTA, serum CEA, EGF, and thrombomodulin enabled sensitivities of up to
91 %, and specificities of up to 80 % (Abogunrin et al., 2012).

Based on the fact that cancer often involves inflammatory processes, Margel et al.
(2011) monitored a panel of immune modulators in urine to investigate biomarker
potential. The panel included 15 heat shock proteins and cytokines, monitored by
commercial ELISA assays. The combined urinary concentrations of HSP60 and IL-13
significantly improved the performance over any single factor. The discovery of novel
protein biomarker panels has surged recently due to advances in high-throughput
proteomic technologies (Goodison et al., 2013, Adeola et al., 2015). The appropriate
use of these approaches has the potential to provide highly efficient biomarkers for
bladder cancer detection and monitoring. Protein-based biomarkers have several
advantages over nucleic acid targets. Only proteomic profiling enables the evaluation
of global changes in gene expression that result from both transcriptional, translation,

and post-translation modifications.

Although genomics may be more amenable to comprehensive surveys, phenotypic
changes can only manifest themselves through altered protein expression, so the
identification of protein factors involved | n bladder disease can best inform us of
tumour biology. Beyond their diagnostic and prognostic value, protein biomarkers
provide potential therapeutic targets and represent markers of disease progression,

treatment response, and other clinical utilities.

Proteome profiling studies have tended to identify factors that can classify tumours or
predict patient outcome or disease recurrence, but biomarkers identified in solid tissue
may be subsequently translated into a serum or urinary test, and some have shown
promise as urinary diagnostic markers. Examples from proteomic analyses include
psoriasin for squamous cell carcinoma (Celis et al., 1996), Tumor-Associated Calcium
Signal Transducer 2 (TACSTD2) (Chen et al., 2011), and cystatin B (Feldman et al.,

2009), and panels for serum-based diagnosis (Schwamborn et al., 2009), but direct
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proteomic analysis of the urine is more likely to reveal promising non-invasive

diagnostic biomarkers.

Early urinary profiling studies used gel-based technologies to define the urinary
proteome and to begin to identify proteins associated with bladder cancer (Rasmussen
et al., 1996; Irmak et al., 2005; Saito et al., 2005; Orenes-Pin"ero et al., 2007).
However, advances in MS technology have been rapidly applied to the profiling of
bladder tissues, serum, and urine. Vlahou et al. (2001) used SELDI-TOF to compare
the proteomic profiles of urine samples from healthy controls and patients with
transitional cell carcinoma of the bladder. Multiple protein changes were reproducibly
detected in the cancer group, including five potential novel biomarkers and several
protein clusters. One of the biomarkers, alpha-defensin, was subsequently shown to be
present in bladder tumor cells. The combination of the biomarkers and protein clusters
significantly improved the accuracy of patient classification. In a separate cross-
validation study by the same authors (Holterman et al., 2006), alpha-defensin
monitoring was used to detect Bladder cancer with better sensitivity and specificity
than commercial tests. Theodorescu et al. (2006) used capillary electrophoresis (CE)—
mass spectrometry to identify urinary biomarkers for bladder cancer in a set composed
of 46 patients with urothelial carcinoma and 33 healthy volunteers. These were further
refined using CE-MS spectra of another cohort of urine samples from healthy
volunteers and patients with malignant and nonmalignant genitourinary diseases.
Using this two-step approach, a diagnostic biomarker signature of 22 urinary peptides
was established. In a validation study, this signature enabled the correct classification
of all urothelial carcinoma patients in a test set containing 31 urothelial carcinoma
patients and 138 nonmalignant genitourinary disease patients (Theodorescu et al.,
2006).

Another study used an isobaric tag for relative and absolute quantitation (iTRAQ)
technique to discover proteins that were differentially expressed between pooled urine
samples from bladder cancer patients and non-tumor controls. This strategy identified
55 candidate biomarker proteins (Goodison et al., 2013). Conventional techniques
confirmed that the level of apolipoprotein A-1 (APOAL) was significantly elevated in
urine samples from bladder cancer patients. Using a commercial ELISA assay,
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APOA1 was confirmed to have high diagnostic potential in more sample set (Chen et
al., 2010; Urquidi et al., 2013). Using a glycoprotein enrichment strategy to profile
urine samples from 100 subjects (54 with cancer), Yang et al., (2011), identified a
panel of glycoproteins associated with Bladder cancer. The most discriminatory
protein in that study was alpha-1-antitrypsin (A1AT), also known as SERPINAL. In an
independent validation cohort of 70 subjects, ALAT measurement by ELISA had a
sensitivity of 74% and a specificity of 80% (Yang et al., 2011). Through integration of
proteomic and genomic urine sample profiling data, several authors, identified panels
of promising biomarkers for inclusion in diagnostic urinalysis assays (Feng et al.,
2009; Yang et al., 2011; Rosser et al., 2009; Urquidi et al., (2012)d). Combinations of
2-3 biomarkers were analyzed by ELISA in a series of studies (Urquidi et al., (2012)a;
Urquidi et al., (2012)b; Urquidi et al., (2012)c; Goodison et al., 2012), and
multivariate analysis identified an eight-protein biomarker panel that achieved 92%
sensitivity and 97% specificity in cohorts of 64 patients with bladder cancer and 63
controls. The performance was far better than current urinalysis tests in the same
cohort (Goodison et al., 2012).

Bladder cancer biomarkers discovered by proteomic profiling have also been derived
from serum samples. Discriminating protein patterns in serum using magnetic bead-
based separation followed by MALDI-TOF MS have been search for by Schwamborn
et al., (2009). Multidimensional analyses of serum samples from 105 patients with
Bladder cancer, 98 healthy controls, and 45 prostate cancer patients generated
algorithms capable of distinguishing between cancer patients and healthy individuals.
The best algorithm achieved 96% sensitivity and 86% specificity (Schwamborn et al.,
2009). The studies described above show the power of MS-based urinary analysis for
the discovery of biomarkers. The latest proteomic technological developments, such as
arrays for phosphoproteins, glycoproteins, or phospholipoproteins, can reduce the
sample complexity that plagues the proteomic analysis of biological fluids. As these
techniques are applied to bladder cancer samples, there will likely be further advances

in urinary biomarker discovery.
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2.10 Other bladder cancer biomarkers

2.10.1 DNA markers

The cancer genomics era is developing rapidly, fueled by the emergence of many
advanced technologies, including array Comparative Genomic Hybridization (CGH),
DNA micro-array, next-generation sequencing, etc. The completion of the cancer
genomic landscape not only helps our understanding of the mechanistic basis
underpinning particular disease subtypes but also provides opportunities for discovery
of new biomarkers for diagnosis, prognosis, and prediction of response (Fei et al.,
2014). Furthermore, such work facilitates the identification of novel therapeutic
targets. Complex chromosomal changes as well as certain mutations have been found
to correlate with different stages of bladder cancer (Fei et al., 2014). For instance, loss
of chromosome 9 is a very distinctive change commonly seen in Ta/T1 and less
frequently in muscle invasive bladder cancers (MIBC) (Ghafouri-Fard et al., 2014).
Since loss of chromosome 9 is recurrently seen as the single abnormality, it has been
considered to be an early event in bladder cancer progression (Lindgren et al., 2006).
Cytogenetic loss of chromosome 9 is demonstrated by the frequent loss of
heterozygosity (LOH) on this chromosome mostly in the region including CDKN2A.
LOH on chromosome 9 is shown to be associated with tumour development rather
than initiation (Lindgren et al., 2006).

2.10.2 UroVysion FISH Assay

This test is designed to detect aneuploidy for chromosomes 3, 7, 17 and deletion of the
chromosome 9p21 locus in urine specimens using Flourescence In situ Hybridization
(FISH) (Ho et al., 2013). It is FDA approved for analysis of urine specimens from
subject suspected of having bladder cancer. It is among the few markers that have
achieved extensive clinical use. In comparison to urinary cytology it has more
sensitivity but less specificity. It has been shown to be more powerful than cytology in
diagnosing stage Ta bladder cancer patients. It is also beneficial for monitoring
patients with superficial bladder cancer after treatment with intravesical bacillus
Calmette-Guerin (BCG) especially when cytology results are ambivalent (Smith and
Guzzo, 2013). Chromosomes 4p, 8p, 9p, 11p, and 17p also often display loss of
heterogeneity in patients with bladder cancer
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2.10.3 Epigenetic changes
Epigenetic changes noticeably DNA methylation have extensive influenced on gene
expression. Recent data have indicated that aberrant DNA methylation happens
commonly and early in human carcinogenesis (Hattori and Ushijima, 2016). It has
been shown to occur extensively in cancer cells and in the same promoter regions. As
a result, analysis of a few loci is satisfactory for diagnosis of cancer and this is the
main advantage of these markers for detection of cancer (Chihara et al., 2013).
Promoter methylation has been shown to occur commonly in both normal urothelium
and CIS samples from patients with urothelial carcinoma. During the progression from
normal to invasive urothelial carcinoma promoter methylation is increased at both
specific loci and in general. Promoter methylation seems to be a good biomarker for

early detection of bladder cancer (Dhawan et al., 2006).

2.10.3.1 High throughput DNA methylation profiling in urine and tissue samples
Both differential hypermethylation and hypomethylation have been seen in tumour
tissues compared to normal tissues (Hattori and Ushijima, 2016). The diagnostic
accuracy of these markers in urine samples has been high, with 100% sensitivity and
specificity. According to preliminary data, diagnostic markers based on differential
DNA methylation at specific loci can be applied for non-invasive and reliable
detection of bladder cancer (Chihara et al., 2013).

2.10.3.2 Detecting DNA methylation of the BCL2, Cyclin-Dependent Kinase
Inhibitor 2A CDKN2A and Nidogen 2 (NID2) genes in urine

A highly specific and sensitive nested methylation specific polymerase chain reaction

(PCR) assay was developed to detect bladder cancer in small volumes of patient urine

(Scher et al.,, 2012). In a pilot clinical study its sensitivity and specificity to

differentiate bladder cancer from other urogenital malignancies and non-malignant

conditions have been shown to be more than 80% (Scher et al., 2012).

2.10.3.3 Detecting DNA methylation of APC, ARF, CDH1, GSTP1l, MGMT,
CDKN2A, RARb2, RASSF1A and TIMP3 genes in urine
The promoter methylation pattern in urine has been similar to the primary tumours. In

more than two third of patients promoter methylation has been seen in at least one of
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these genes (CDKN2A, ADP-ribosylation factor (ARF), O°-methylguanine DNA
methyltransferase (MGMT), and GSTP1), while none of controls have displayed such
methylation. A combined two-stage predictor strategy for detection of promoter
hypermethylation of these 9 genes has 82% sensitivity and 96% specificity. Therefore,
quantitative methylation-specific PCR assay of a small panel of genes can be a
powerful non-invasive tool for the detection of bladder cancer (Hoque et al., 2006).

2.10.4 Point mutations in bladder cancer
The point mutation assays are diagnostic tools to identify patients who will benefit
from targeted therapies. They are also potential biomarkers for recurrences during

disease surveillance.

2.10.4.1 FGFR3, HRAS, KRAS, NRAS and PIK3CA Mutations:

In a study of mutational analysis of oncogenes performed on 257 primary bladder
tumours and 184 recurrences from 54 patients, it was suggested that surveillance by
mutation analysis for Fibroblast Growth Factor Receptor 3 (FGFR3),
Phosphatidylinositol-4, 5-Bisphosphate 3-Kinase Catalytic Subunit Alpha (PIK3CA)
and the RAS genes could be a practical follow-up policy for patients suffering from a
non-muscle invasive bladder cancer (NMIBC), and grade 1-2 primary tumour. In
addition, the mutation assays may be a diagnostic tool to define patients with MIBC in
whom therapies targeting FGFR3 or other receptors and downstream targets may be
beneficial. However, mutations in the RAS and PIK3CA genes were not predictors for

either recurrence-free or disease-specific survival (Kompier et al., 2010).

2.10.4.2 FGFR3 Expression and Mutation Analysis in Cancer Samples

Expression profiling, mutation analysis and LOH analysis have been used to
molecularly characterize a large cohort of early-stage bladder cancer. Two types of
tumours have been defined by this method. Low-grade tumours are distinguished by
FGFR3 activity, either by FGFR3 mutation or by expression, high protein synthesis
and low cell-cycle activity. Whereas high grade tumours show less or no dependence
of the FGFR3 receptor, low levels of protein synthesis and high cell-cycle gene
activity. It has been suggested that FGFR3 receptor is critically involved in low

grade/stage bladder cancers (Lindgren et al., 2006).
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2.11 Metabolomic Markers

The most recent developments in biological fluid analyses have come in the field of
metabolomics. The application of urine-based metabolomics using high-pressure
liquid chromatography (HPLC) or nuclear magnetic resonance (NMR) with
multivariate analysis can identify specific metabolites or profiles that can aid cancer
diagnosis (Hyndman et al., 2011; Yidong et al., 2015). To date, only a few studies
have investigated differential urine metabolite profiles associated with bladder cancer
(Alberice et al., 2013; Pasikanti et al., 2013). Using HPLC, Issaq et al., (2008),
profiled urine samples from 41 patients with bladder cancer and 48 healthy controls.
Statistical analyses allowed at least 40 of the 41 bladder cancer cases to be predicted
correctly, but the specific metabolites identified in that study have not been confirmed
elsewhere. In a similar study format, Pasikanti et al., (2010), identified a 15-marker
metabolite model that achieved a 100 % detection rate for Bladder cancer in 24
patients. Another study of 58 clinical specimens identified 35 metabolites associated
with Bladder cancer. The metabolic signature distinguished both normal and benign
bladder from Bladder cancer, and even showed promise in distinguishing tumor stages
(Putluri et al., 2011). Severaal studies have identified upregulation and downreguation
of glucose, lipid, amino acid and nucleotide metabolites as distinguished signatures for
bladder cancer (Lin et al., 2012; Dettmer et al., 2013; Pasikanti et al., 2013; Yidong et
al., 2015). In a study of 67 patients and 25 healthy controls, serum sample profiles
from bladder cancer patients suggested perturbed metabolic pathways of aromatic
amino acids, glycolysis and the citrate cycle, and lipogenesis (Cao et al., 2012).
Changes at the metabolite level may be detectable in biological fluids before the
appearance of clinical symptoms, making them potentially useful early detection
biomarkers, and metabolic profiling can provide insights into bioprocesses perturbed
during tumor development and progression. However, there are major problems with
urinary metabolomic profiling. The analytes are small metabolites that are not always
filtered by the kidney, so confounding factors such as polypharmacy or even recent
dietary intake can create large variations between individuals; thus, such studies

require large cohorts and standardization of sample collection and processing.
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2.11.1 MicroRNA (miRNA) Markers
miRNAs are 18-24 nucleotide RNA molecules which are endogenous inhibitors of
gene function acting by either degradation of RNA or inhibition of translation and they
have been proved to be involved in pathogenesis of cancer (Ghafouri-Fard et al.,
2014).

A growing body of evidence suggests that microRNAs (miRNAs) contribute to
bladder cancer development, progression and metastasis. Genome-wide mMiRNA
expression signatures have been used to rapidly and precisely identify aberrant
miRNA expression in bladder cancer. Examination of the differential expression of
miRNAs between bladder cancer and normal bladder tissue has led to the elucidation
of 11 bladder-cancer-specific miRNA expression signature sets (Yoshino et al., 2013).
Among the 11 signature sets, the authors reported 15 miRNAs were down-regulated
and 7 miRNAs were up-regulated in bladder cancer that have been isolated in three or
more expression studies. They also reported 15 miRNAs associated with bladder
cancer diagnosis and prognosis. In a parallel review of the current scientific reports
that link differences in miRNA expression with the pathogenesis of bladder cancer
(Zabolotneva et al., 2011), the authors created the first comprehensive database of
miRNA with biased expression profiles in bladder cancer. They identified in total 95
differentially expressed miRNAs, 48 up-regulated in bladder cancer, 35 down-
regulated, and 12 contradictory. The molecular targets of these miRNAs have been
shown to be involved in crucial cell mechanisms, such as apoptosis, cell cycle
progression and epithelial-mesenchymal transition (EMT). A few of these microRNAs
and their target mRNAs have been utilized in the The Cancer Gemone Atlas (TCGA)
study to cluster bladder cancer patients. For instance, one cluster shows significantly
lower expression of miR-99a and miR-100, and up-regulation of their target gene
FGFR3. Similarly, two clusters show lower expression of members of the miR-200
family of miRNAs (which target multiple regulators of EMT) and consistent down-
regulation of the epithelial marker E-cadherin.

There have been extensive efforts in the past decade to identify genetic susceptibility
loci for bladder cancer. Recent cancer association studies by candidate gene and
genome-wide association study (GWAS) approaches identified at least ten low-
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penetrance genetic susceptibility loci for bladder cancer (Gu and Wu, 2011). The ten
validated genetic loci include NAT2, GSTM1, 8g24.21 (MYC), 3928 (TP63), 8q24.3
(PSCA), 5p15.33 (CLPTMILL-TERT), 4pl16.3 (TACC3-FGFR3), 22¢l13.1
(APOBEC3A-CBX6), 19912 (CCNE1) and 2g37.1 (UGT1A). A meta-study of
GWAS also identified four more loci that achieved or approached genome-wide
statistical significance, but require further studies for confirmation (Figueroa et al.,
2014). There have been numerous candidate gene studies reporting positive
associations between SNPs and bladder cancer recurrence, progression, and survival.
Chang et al., (2012), summarized them into several carcinogenesis-related processes,
including cell cycle and apoptosis (TP53, MDM2, CDKN2A), DNA repair (ERCCS,
XPD, XPG, XPF), growth factor signaling (EGFR, TGFBR1), PI3BK-AKT (AKT2,
PIK3R1, RAPTOR), stem cell signaling (GLI2, SHH, GLI3), inflammation (PPARG,
IL-6, NF-kB1), cell adhesion (CDH1) and oxidative stress (HIF1A). However, most of
the candidate gene pathway studies were of limited sample size and had not been

validated in independent populations.
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CHAPTER THREE

3 MATERIALS AND METHODS

3.1 Study Area and Study Design
The study was carried out from August 2012 to May 2014 in Eggua, a rural agrarian

community where S. haematobium infections have been prevalently reported (Hassan
et al., 2012). Eggua lies between latitude 7° 64.811” N and longitude 2° 52" 43.776" E
in a derived savanna zone. The area is largely dominated by Yoruba speaking people.
It consists of settlements at Sagbon, Imoto, Tata, Agbon- Ojodu, and Igan Alade. It
shares boundaries with Igbogila, llaro, Ijoun and Benin Republic. Two major rivers
(Yewa and lju) flowing through the area serve as the main water source, resulting in
high water contact by the inhabitants (Fig. 3.1). These rivers are used for religious,
domestic and entertainment activities which enhance the transmission of
schistosomiasis. A cross sectional study design was employed for this study (Fig. 3.2).
Children were excluded from the study because the main objective was to determine
the effect of chronic urinary schistosomiasis on the health of the adults within the

community.

A total of 371 participants between the ages of 30 and >60 years were drawn from the
village without any selection criteria, because the people were attended to as they
conveyned at the community health centre following the initial announcement by the
community leader. The sample size was calculated using the formula which was
adopted from Naing et al., (2006).

3.2 Ethical considerations
Informed consent was obtained from each volunteer under a protocol approved by the

Local Government and health officials of the area studied. Ethical approval was also
obtained from the University of Ibadan and University College Hospital (UI/UCH)
Ethical Committee and Ogun State Ministry of Health.
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Figure 3.1: Map of Yewa North LGA showing the study areas
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Figure 3.2: Workflow showing design of the field and experimental work.

The study was carried out in two phases (Field sampling and Laboratory
experiments). The abbreviations represent different sample groups namely:
SH- S. haematobium infected groups, PT- Bladder Pathology group, PS-
group with combination of pathology and S. haematobium infection and
NPS- No pathology and schistosomiasis (control group). GSTs-
Glutathione-S-transferase, IL- cytokine Interleukine; BT- Bladder wall
thickness, SH-Abnormal bladder shape, POL- Polyps, MA-bladder mass,
CA-Calculi, HYD- Hydronephrosis in Kidney, PCR- Polymerase Chain
Reaction, MS- Mass Specrometry



3.3 Data collection

3.3.1 Questionnaire
A semi-structured questionnaire was used to access some basic epidemiological
information on schistosomiasis from the study participants. All participants were
interviewed regarding their occupation, whether the occupation involved water
contact, the length of time in their current occupation, previous water contact, smoking

and alcohol behaviour and length of residence in the village.

3.3.2 Bio-fluid samples
Study volunteers provided blood (2 mL) by venipuncture and urine (for egg count)

specimens.

3.4 Parasitology
The urine samples were collected between 10:00am and 2:00pm for maximum egg

yield and were processed for parasitological examination and egg count (Nmorsi et al.,
2007; Hassan et al., 2012). Participants were given clean wide mouthed universal
bottles and shown how to provide urine for the study. The specimens were labelled
appropriately, placed in a cold ice packed box and taken to the laboratory for analysis.
The urine sedimentation method was achieved by centrifuging 10ml of the urine
sample at 5000 rpm for 5 minutes. The supernatant was then discarded and the
sediment transferred onto clean grease free glass slide, covered with a cover slip and
examined microscopically to identify Schistosoma haematobium ova which is
characterised by the presence of a terminal spine. The eggs (Figure 3.3) were counted
and the intensity of infection classified as light if <50 eggs/10 mL of urine and heavy

if >50 egg/10 mL urine were present (Nmorsi et al., 2007).

3.5 Ultrasound and Pathology
Approximately one hour after drinking a large volume of water (0.1-1.5 litre

depending on their age) that was given to participants to distend the bladder, a blind
ultrasound examination was carried out by a radiologist for each participant in the
study. The classification of bladder damage was based on the definition of the WHO
(WHO, 1999b; WHO, 2000) and Shiff et al., (2006). The following abnormalities
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were documented: abnormal bladder shape, bladder wall irregularities, bladder masses,
presence of polyps, calcification and presence of hydronephrosis. In this study, bladder

lesions were considered severely abnormal when four of the above conditions are
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Figure 3.3: Schistosome eggs (blue arrows) as shown by microscopy in the urine of S.

haematobium infected participant
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present (or three with hydronephrosis) in a single individual. Lesions were considered
moderate if fewer conditions are seen or negative when no specific lesions are
observed (Nmorsi et al., 2006). This classification was used throughout this study.

Statistical analysis was done using SPSS version 20.0 (P value set at <0.05)

3.6 DNA Extraction and Purification

DNA was purified from the blood samples using Thermos Scientific GeneJET Whole
Blood Genomic DNA purification kit (Lithuania), following the manufacturer’s
instructions. DNA concentration was measured by spectrophotometry. Aliquots (10
pL) of all samples was taken and subsequently adjusted to provide standard stock
solutions of 20ng/uL. The A280/A260 ratio was estimated to provide an indication of
the quality of the sample. Only samples that provided a yield >20 ng/uL and
A280/A260 ratio >1.6 and <1.95 were included for genotyping analysis.

3.7 GSTM1 and GSTT1 Genotyping

3.7.1 Genotyping method for GSTM1 Polymorphism

In this study, a total of 219 samples were genotyped for GSTs polymorphism among
the bladder pathology group. These included 118 urinary tract pathology and 101
control cases. The control cases were randomly selected from among participants in
Eggua, who gave blood sample and had no bladder pathologies. This reaction was
used to distinguish between GSTM1-active and GSTM1-null individuals. Two primers
were used to amplify for GSTM1 complementary DNA sequences (G1l: 5'-
CTGCCCTACTTGATTGATGGG- 3'; G2: 5'-CTGGATTGTAGCAGATCATGC -3")
(Brockmoller et al., 2000). The G1 and G2 amplified a 500base pairs (bp) product
specific for the GSTM1 gene. The presence of a GSTM1-null polymorphism was
concluded from the absence of the specific 500-basepair fragment. 5uL. DNA was
amplified in a final volume of 25uL amplification reaction of 30 cycles, using the Hot
Start Taq 2X Master Mix (M0496L, BiolLabs, New England) according to the

manufacturer’s instructions.
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3.7.2 Genotyping for GSTT1 Polymorphism

The 25 pL volume amplification reaction for GSTT1 gene was done in a duplex PCR
assay with a Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) primers (Forward:
5'- CAA AGC TTG TGC CCA GAC TGT- 3'; Reverse: 5- CGC CCA ATA CGA
CCA AAT CT- 3') used as an internal control, for determination of GSTT1 and
GSTT1-null genotype. A 5 uL. DNA template was amplified in a final volume of 25
puL amplification reaction of 30 cycles, using the Hot Start Taq 2X Master Mix
(MO0496L, BioLabs, New England) according to the manufacturer’s instructions. The
primers used for GSTT1 include Forward: 5'- TCT GCC GCC CGA AAC CTT- 3’
and Reverse: 5'- ACG TCC TCT TGT CCC CCA TTC- 3’ (Sanyal et al., 2003)

3.7.3 Genotyping for IL 4 and IL 13 Genes

A total of 108 participants were screened for polymorphisms in interleukin (IL) 4 and
IL 13 genes. PCR for IL-13 and IL-4 SNPs was performed using different amplifying

methods enhanced optimal amplification (Table 3.1).

PCR for IL-13 -1055 C/T was conducted in a 25 pl reaction containing 100 ng DNA
Initial denaturation was performed at 95°C for 3 min followed by 30 cycles of PCR
with the following conditions: 95°C for 30 sec, 62°C for 30 sec for annealing, 7°C for
1min, and a final 72°C for 3 min. This was done using the Hot Start Taq 2X Master
Mix (M0496L, BioLabs, New England).

PCR for IL-13 -591 A/G was conducted in a 25 pL reaction containing 100 ng DNA
and was done using the Hot Start Tag 2X Master Mix (M0496L, BioLabs, New
England). Initial denaturation was performed at 94°C for 5 min followed by 30 cycles
of PCR with the following conditions: 94°C for 1 min, 61°C for 45 sec for annealing,
72°C for 45 sec, and a final 72°C for 3 min.

PCR for 1L-13 +130 G/A was conducted in a 25 pL reaction containing 100 ng DNA
and the PCR reaction was done using the Hot Start Taq 2X Master Mix (MO0496L,
BioLabs, New England). Initial denaturation was performed at 94°C for 5 min
followed by 34 cycles of PCR with the following conditions: 94°C for 1 min, 60°C for
45 sec for annealing, 72°C for 45 sec, and a final 72°C for 3 min.
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PCR for IL-4 -590 C/T was conducted in a 25uL reaction containing 100 ng DNA,
using the Hot Start Taq 2X PCR Master Mix (MO0496L, BioLabs, New England).
Initial denaturation was performed at 95°C for 5 min followed by 30 cycles of PCR
with the following conditions: 94°C for 30 sec, 59°C for 30 sec for annealing, 72°C for
30 sec, and a final 72°C for 3 min.

3.8 Biomarker Discovery

3.8.1 Sample preparation and In solution protein digestion

A total of 49 individual urine samples were placed into four different categories,
namely 12 Schistosomiasis cases (SH), 12 bladder pathology cases (BP/PT), 15
combined pathology and schistosomiasis (PS) cases and 10 controls (no pathology and
Schistosomiasis- NPS) Table 3.2. Four milliliter (4 mL) of urine was used for
methanol-chloroform precipitation followed by in solution tryptic digestion prior to
mass spectrometry (MS) analysis. Precipitated protein was resuspended in
denaturation buffer (6M urea, 2M thiourea, 10 mM Tris buffer, pH8.0), and then a
Bradford assay was carried out to determine protein concentration (Adeola et al.,
2015). 100ug of protein was further reduced by incubation at room temperature for 1
hour in reduction buffer (1M dithiothreitol (DTT); 50mM ammonium bicarbonate-
ABC). An alkylating buffer (550 mM iodoacetamide (IAA); 50 mM ABC) was then
added to protein and incubated in the dark at room temperature for an hour. The
sample was then diluted with 4 volumes of 50mM ABC and proteolysed overnight for
16 hours at 37°C using Trypsin-Ultra™, Mass Spectrometry Grade (New England
BioLabs) according to the manufacturer’s instructions. An equivalent of 10ug of the
peptide solution was then transferred to in house prepared stage tips for off-line SPE,
desalting, and clean-up of sample as described in Rappsilber et al., (2007); Adeola et
al., (2015) and the desalted peptides were then dried in a refrigerated speedy vac (SPD
111v-230 Speed VAC Thermo Savant, New York, USA).
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Table 3.1: The set of primers used to genotype for IL 4 and IL 13 genes in the

study

S/N Primer Name  Primer Sequence Source

1 IL13 -1055 C/T  Forward 5'-
ATGCCTTGTGAGGAGGGTCAC-3’
Reverse 5'-
CCAGTCTCTGCAGGATCAACC-3’

2 IL13-591 A/T  Forward 5'-
CCAGCCTGGCCCAGTTAAGAGTTT-
3
Reverse 5'- Saric et al., 2008
CTAATTCCTCCTTGGCCCCACT-3’

3 IL13 +130 G/A  Forward 5'-
TGGCGTTCTACTCACGTGCT-3’
Reverse 5'-
CAGCACAGGCT