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October 2018
Chair: Abhimanyu Veerakumarasivam, PhD
Faculty: Medicine and Health Sciences

Bladder cancer ranks as the ninth most frequently-diagnosed cancer worldwide. With no
suitable and validated biomarkers of diagnosis and prognosis, patients are plagued with
a high risk of recurrence and progression resulting in significantly increased rate of
morbidity and mortality. OTX1 has been implicated as a potential oncogene in several
cancers but how OTX1 actually contributes to bladder cancer formation is still poorly
understood. Hence, | aimed to evaluate OTX1 as a potential biomarker for bladder cancer
in this study. To achieve that, | studied the mRNA expression of OTX1 across a series of
bladder cancer cell lines via RT-gPCR and conducted OTX1 siRNA knockdown to
reduce the expression of OTXL1 in vitro. To observe the effects of knockdown on the
migratory rate of cells, migration assay was conducted. The mRNA expression in cancer
stem cells in vitro and protein expression of OTX1 in bladder cancer tissues was also
investigated via RT-qPCR and IHC respectively. In addition, | attempted to discover the
potential of OTX1 as a biomarker of response to predict Newcastle Disease Virus-
mediated oncolysis by correlating the expression of OTX1 with 1Cs values of cell lines
infected with NDV. | found that OTX1 was expressed in most bladder cancer cell lines.
No significant difference in migratory rate was seen when OTX1 was knockdown in
HTB-4. Intriguingly, OTX1 was significantly overexpressed in spheroid cultures
compared to monolayer cultures. Using Spearman correlation, | found significant
correlation between the protein expression of OT X1 with grade 2 and 3 bladder tumours
and using Pearson correlation, weak correlation was found between the fold changes of
OTX1 with the 1Cso values across similar bladder cancer cell lines. Continuing to expand
the findings from this study may lead to a deeper and clearer understanding of the
potential role of OTX1 as a biomarker for bladder cancer management.
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Kanser pundi kencing merupakan kanser kesembilan yang paling kerap didiagnosis di
seluruh dunia. Dengan ketiadaan penanda biologi yang sesuai dan sah untuk kegunaan
diagnosis dan prognosis, pesakit dibelenggu dengan risiko tinggi untuk kanser muncul
semula dan maju ke tahap lanjut yang seterusnya meningkatkan kadar morbiditi dan
mortaliti. OTX1 berpotensi sebagai onkogen dalam beberapa kanser namun bagaimana
OTX1 sebenarnya menyumbang pada pembentukan kanser pundi kencing masih belum
difahami sepenuhnya. Oleh demikian, saya ingin menilai potensi OTX1 sebagai penanda
biologi untuk kanser pundi kencing dalam kajian ini. Untuk mencapai matlamat tersebut,
saya mengkaji ekspresi mMRNA OTX1 dalam beberapa siri sel selayar kanser pundi
kencing menggunakan RT-gPCR dan melakukan OTX1 siRNA knockdown untuk
mengurangkan ekspresi OTX1 in vitro. Untuk mengkaji kesan knockdown ke atas kadar
migrasi sel, saya melakukan asai migrasi. Ekspresi mRNA dalam sel stem kanser in vitro
dan ekspresi protein OTX1 dalam tisu kanser pundi kencing telah dikaji menggunakan
RT-gPCR dan IHC. Selain itu, saya hendak mengenal pasti jika terdapat potensi untuk
OTX1 menjadi penanda biologi tindak balas untuk menjangka onkolisis dengan
Newcastle Disease Virus sebagai pengantaranya dengan mengenalpasti korelasi antara
ekspresi OTX1 dengan nilai 1Csg siri sel selayar yang dijangkiti NDV. Saya mendapati
OTX1 diekspresi dalam kebanyakan sel selayar kanser pundi. Tiada perbezaan yang
ketara dalam kadar migrasi setelah melakukan OTX1 knockdown ke atas HTB-4.
Menariknya, OTX1 diekspresi sangat tinggi dalam kultur sferoids berbanding dengan
kultur selayar. Dengan menggunakan korelasi Spearman, saya menemui korelasi antara
ekspresi protein OTX1 dengan tumor pundi kencing gred 3 dan gred 2. Menggunakan
korelasi Pearson pula, hampir tiada korelasi antara ekspresi OTX1 dengan nilai 1Cso
dalam semua sel selayar kanser pundi kencing. Usaha yang berterusan dalam
mengembangkan penemuan kajian ini mampu membawa kepada pemahaman yang lebih
jelas dan mendalam akan potensi OTX1 sebagai penanda biologi untuk kanser pundi
kencing.
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CHAPTER 1

INTRODUCTION

1.1 Background

Cancer is not a recently discovered disease. Cancer dates back to 1600 B.C. in Egypt
where descriptions were transcribed on papyrus. Breast tumours were treated by
cauterization while stomach cancer with boiled barley mixed with dates (Akulapalli,
2009). However, the understanding of cancer has never been as paramount as it is now
owing to the increase in global population aged 60 or above (United Nation, 2017) which
in turn contributed to cancer being the number one cause of death worldwide. Despite
rapid improvements in cancer research the past several decades, it is estimated that
approximately 15 million new cancer cases will be diagnosed by 2020 and from that
number, only 3 million will survive (Bray and Moller, 2006). 90% of cancers are either
solely due to environmental factors, or a result of the interaction between genetic and
environmental factors while only 5-10% of cancers are attributed to genetics. The most
common genetic lesions are related to oncogenes and tumour-suppressor proteins such
as p53 and retinoblastoma (Rb) protein, but no two cancer profiles are the same. Type of
cancers include breast cancer, lung cancer, liver cancer, and bladder cancer.

Worldwide, bladder cancer ranks as the ninth most frequently diagnosed cancer with a
higher incidence rates observed in men compared to women. It is also the thirteenth
cancer with highest rate of mortality (Antoni et al., 2017). There are two forms of bladder
cancer, non-muscle invasive bladder cancer (NMIBC) and muscle-invasive bladder
cancer (MIBC) (Cancer Research UK, 2015). The high mortality and low survivability
rate of MIBC calls for constant monitoring on NMIBC to prevent possible recurrence
and progression to MIBC (van Rhijn et al., 2009). Non-invasive tumours are found to
contain defects in the HRas proto-oncogene GTPase (HRAS) and fibroblast growth
factor receptor 3 (FGFR3) while its invasive counterpart is due to mutations in the p53
and pRb pathways (Wu, 2005). There are several types of bladder cancer and the most
common is transitional cell carcinoma (TCC), accounting for 90% of bladder cancer.
Normally, patients with TCC are treated through transurethral resection and adjuvant
intravesical chemotherapy or immunotherapy, however, the rate of cancer recurrence
within 1 to 2 years is high (Babjuk et al., 2013). This does not mean that the remaining
10% of bladder cancer types are insignificant, as most of them can be more aggressive
and present higher mortality rates (Rogers et al., 2006; Wasco et al., 2007). Other bladder
cancer types include squamous cell carcinoma, urachal carcinoma, small cell carcinoma,
micropapillary bladder carcinoma, and several others.

The most common symptom of bladder cancer is hematuria. An estimated 20% of
patients experiencing macroscopic haematuria will be diagnosed with bladder cancer
(Bruyninckx, 2003). Other symptoms include dysuria, flank pain, and urinating small
volumes frequently. A number of risk factors may contribute to someone being afflicted
with bladder cancer. As with other cancers, age is a risk factor, occurring more
commonly in the elderly than in young people. The highest risk factor however is
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cigarette smoking with a population attributable risk of 46% (American Cancer Society,
2009). Occupational exposure to aromatic amines and other carcinogens also poses
significant risk factors, such as in the painting and leather industries, rubber
manufacturers, and factory workers (Vineis and Piratsu, 1997; Delclos and Lerner,
2008). Urinary tract infection by Schistosoma haematobium and a non-functioning
bladder are associated with an increased risk of squamous cell carcinoma (Mostafa et al.,
1999; Kantor et al., 1984). Increasing fluid intake may lower the risk of bladder cancer
by increasing urine output and decreasing exposure of the bladder to carcinogens.
Increasing fluid intake also dilutes the concentration of carcinogen in the bladder
(Michaud et al., 1999; Leppert et al., 2006).

The major hurdle with bladder cancer is its high risk for recurrence and progression to
muscle-invasive disease and subsequent metastasis resulting in poor clinical outcome
(van Rhijn et al., 2009). Although 75% of newly diagnosed cases are NMIBC, despite
medical intervention, up to 50% will recur and 25% will progress to MIBC (Kamat et
al., 2017). As mentioned before, patients with MIBC have low survivability rate. This is
due to the tumour being resistant to both chemotherapy and radiotherapy, posing a
significantly higher risk of metastasis (Drayton and Catto, 2012). Moreover, lifetime
surveillance and treatment for recurrent tumours are only two of many reasons why
bladder cancer has the highest cost of treatment of any malignancy per patient itself
(Darwiche, 2015). Thus, early and accurate detection is vital to secure an improved
quality of life to these patients.

One of the methods to detect bladder cancer is cystoscopy which is invasive and
expensive (Lotan and Roehrborn, 2002). An alternative, non-invasive and inexpensive
method is detection through voided urine (Nielson et al., 2006) but one of its biggest
disadvantage is poor sensitivity for low-grade bladder cancer (Lokeshwar et al., 2005).
As more markers for bladder tumour are tested and validated, the efficacy of urine
cytology will certainly increase as seen in recent studies such as done by Beukers et al.,
(2017), presenting patients with a non-invasive, inexpensive, and highly sensitive
method for bladder cancer detection and diagnosis.

Expression of a specific cancer or tumour releasing products are some characteristics of
an ideal biomarker. One gene that exhibits these characteristics is orthodenticle
homeobox 1 (OTX1), a member of the homeobox gene family and is a transcription
factor. OTX1 gene is a vertebrate orthologue to the Drosophila and expressed during the
development of Drosophila head. OTX1 has a number of orthologues, but the defining
function they have in common is its expression during early embryonic brain
development (Lietal., 1994; Kablar et al., 1996: Acampora and Simeone, 1999). Defects
in the gene lead to multiple complications of the brain such as reduced cortical thickness
and hypogonadism (Acampora et al., 1996: Zhang et al., 2015). OTX1 is found on
chromosome 2, mapped at 2p13 (Kastury et al., 1994). Based on several studies, there
are high expressions of OTX1 in several cancers such as colorectal cancer (Yu et al.,
2014), breast cancer especially invasive breast cancer (Pagani et al., 2010) and
hepatocellular carcinoma (HCC) (Li et al., 2016). Recently, an accurate prediction model
for bladder cancer was developed by coupling OTX1 with several other genes and
running methylation analysis, providing a sensitivity of 97% and a specificity of 82%



(van Kessel et al., 2016). All these findings point to OTX1 being a potentially important
biomarker for bladder cancer, both diagnostic and therapeutic.

Another agent that plays an important role in treating bladder cancer is Newcastle
Disease Virus (NDV), a paramyxovirus that causes Newcastle disease in a wide variety
of avian species but is harmless to human. Many studies proposed NDV as a potential
anticancer agent due to its ability to target and kill cancer cells. The first report of positive
results using NDV was to treat a patient with acute leukemia and was published in 1964
by Wheelock and Dingle. The fact that both lytic and non-lytic (Matveeva et al., 2015)
strains of NDV can replicate better in human cancer cells than in most normal human
cells by exploiting the defects in the intracellular antiviral defences of some cancer cells
has garnered much interest on it being a potential anticancer agent. Mechanisms of NDV
oncolytic activity include direct killing by syncytium formation and an indirect
mechanism via antitumoral immune response activation (Anderson et al., 2004; Zamarin
and Palese, 2012).

As with different types of cancer needing different kinds of treatments, the same applies
with NDV. The heterogenous nature of cancer means that one successful outcome using
NDV may have no effect on another patient as no two cancers are alike. Rather than
depending on trial and error, this can be overcome with biomarkers. Certain biomarkers
may indicate how well a tumour will respond to a treatment.

In this study, | am going to study the differential expression of OTX1 in bladder cancer
and find out if it is a potential biomarker not solely for bladder cancer, but also as a
biomarker that can predict the response of bladder cancer towards Newcastle Disease
Virus-mediated oncolysis.

1.2 Problem Statement

There is a high risk of bladder cancer recurrence and invasion but no suitable biomarkers
have been found to predict recurrence, invasion or treatment efficacy of bladder cancer.
Although OTX1 has been identified as a potential biomarker for the detection of bladder
cancer, how the gene contributes to bladder cancer formation is yet to be discovered.
There are also no studies on the effect of modulating the expression of OTX1 in bladder
cancer cells in vitro. Furthermore, here are no known biomarkers to predict bladder
cancer response to NDV-mediated oncolysis,

1.3 Hypothesis

In this study, it is hypothesised that OTX1 is differentially expressed in different bladder
cancer cell lines and in spheroids. Furthermore, a higher percentage of high grade and
late stage tumours express OTX1 as compared to low grade and early stage tumours is
hypothesised. It is also hypothesised that there is a correlation between the expression
values of OTX1 and sensitivity towards NDV-mediated oncolysis, and that the
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knockdown of OTX1 gene will reduce the expression of OTX1 and affect bladder cancer
migration in vitro.

1.4 Objectives
1.4.1  General Objective

The main objective of this study is to evaluate OTX1 as a potential biomarker in bladder
cancer.

1.4.2  Specific Objectives

The specific objectives of this study are:
. To determine the expression of OTX1 in bladder cancer cells in vitro.
Il. To compare the expression of OTX1 in spheroids and in monolayer cells in
vitro.
. To downregulate the expression of OTX1 in highly-expressing bladder
cancer cells in vitro.
V. To determine the effect of modulating OTX1 expression in vitro on the
migratory potential of bladder cancer.
V. To identify the protein expression of OTX1 in bladder cancer tissues and
correlate it with bladder tumour stages and grades.
VI. To evaluate the correlation between the expression of OTX1 and cellular
sensitivity towards NDV-mediated oncolysis.
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