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Abstract of Research

Bladder cancer is a common disease in man aged over 50, making it the fourth most
prevalent cancer in men. Superficial transition cell carcinoma contributes to 70% of
clinical cases and is typically treated by transurethral resection (TUR) with or
without Bacille Calmette-Guérin (BCG) treatment. However, effective treatment is
hampered by the high cancer recurrence rate and around 30% of the patients may
even progress to a high grade cancer making it the most expensive cancer to be

treated.

This study proposes that the high recurrence rate may be due to the presence of
sensitized cell - wurothelial cells that accumulated certain degree of genetic
alternations but phenotypically similar to normal cells. Therefore, they can escape
from the surgery removal and stem future tumor formations, i.e. cancer recurrence.
However, little is known about the existence and properties of the sensitized cell.
Identification and characterization this cell type will be crucial to develop means for
recurrent prediction, monitoring and prevention. Information presented by this study
is not only important for understanding the cancer development process but also

useful for prediction of bladder cancer recurrences.

An in vitro tumorigenic model involving two human uroepithelial cell lines at two
different statuses, namely HUC-PC (pre-cancerous) and HUC-1 (normal) was used
to study the transformation process. HUC-PC mimics the sensitized cell remained in

bladder lining after TUR and tumorigenic transformation was triggered by the
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exposure of bladder carcinogen, 4-aminobiphenyl (ABP). Due to the fact that HUC-
PC is sensitized to ABP and will transform to cancer state while HUC-1 will not, we
can then target different molecules for their involvement in cancer development by

comparing the molecular changes between two statuses of cell line.

The success of transformation process was confirmed by functional assays and
cancer markers. In this study, HUC-PC was treated with tobacco carcinogen ABP at
concentrations 200uM for 24hr. After 6 weeks of incubation, the tumorigenicity of
cells was evaluated via functional assays. The results showed that the transformed
HUC-PC displayed neoplastic transformation phenotype, as marked by their induced
proliferation rate and invasion ability. In addition, bladder markers, survivin and
telomerase, were also found highly expressed in the transformed HUC-PC, which

further confirmed the success of the transformation process.

During transformation, our target CD44 and its partner HA were quantified for
evaluating their involvement in the process. Flow cytometry and RT-qPCR analyses
showed that the transformed HUC-PC expressed increased levels of CD44 in the
first week after exposure to 4-ABP. The elevated level of CD44 mRNA expression
was great contributed by the CD44s instead of CD44v6 (exon V6
containing CD44 isoforms). In parallel, an increase in HA was found after the CD44
induction and maintained at a high level throughout the transformation process.
Based on the above findings, we demonstrated that in vitro ABP exposure could
neoplastically transform the pre-cancerous HUC-PC and suggested CD44 is involved

in the initiation step of cancer development, possibly by interacting with HA.
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Summary of the thesis

Chapter 1 provides an introduction and recent findings of bladder cancer. It also
describes the focus of the present study which is the possible involvements of CD44
in bladder cancer development. Chapter 2 describes the methodology of the study,
detailing the experiment procedures and data analysis. Chapter 3 presents the
experimental data and the statistical analysis of the results. Chapter 4 discusses the
significant findings, limitations in this study and suggests some recommendations for
further study. Chapter 5 provides a summary of the results obtained and conclusion

reached.



Chapter 1  Introduction

This chapter presents a review of literature related to the research in bladder cancer.
Firstly, background information of bladder cancer, such as cancer statistics, risk
factors and treatment methods, is presented. Secondly, the current obstacle in
bladder cancer treatment in relation to the high recurrent rate is identified. Thirdly,
existing research methods and critical findings related to bladder cancer are
examined. Lastly, information about the tumor initiating marker, CD44, is

investigated.
1.1 Classification of bladder cancer

11.1 Structure of bladder

The urinary bladder is a hollow, balloon-like organ located in the pelvis (Figure 1.1).
Its function is to collect and store urine until it is ready to be discharged from the
body. Urine is made in the kidneys and transported through two tube-like structures,
called ureters, to the bladder for temporary storage. Pressure generated from the
accumulation of urine in the urinary bladder forces the bladder wall to contract and
leads to the urge of urination. The urine is then discharged from the bladder via the
urethra, which is a thin tube that carries urine from the bladder to the outside of the

body.



Male median sagittal

Suprarenal
gland —

Kidney—{ .
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Ureter —

Bladder—

Urethra

Figure 1.1  Human urinary system

(Adapted from website: http://www.cancer.net/portal/site/patient (1))

The wall of the bladder is comprised of several different layers of tissues that are
important in understanding the development, progression, and treatment of bladder
cancer. A cross-sectional view of the bladder wall (Figure 1.2) reveals the following

layers of cells:

e Epithelium - A layer of cells that lines the interior side of the bladder wall
and is also known as the urothelium or transitional epithelium. The vast

majority of bladder cancers originate in this layer.


http://www.cancer.net/portal/site/patient

e Lamina propria - A layer of connective tissue and blood vessels located

immediately beneath the transitional epithelium.

e Muscularis propria - Deep layer of muscle cells that form the wall of the

bladder which is responsible for contraction during urination.

e Perivesicle soft tissue — The outermost layer of the bladder wall that consists
of fat, fibrous connective tissue, and blood vessels. Bladder cancer that

spreads to the perivesicle soft tissue is considered as metastasis.

As the cancer grows through the bladder wall layers, treatment becomes more

challenging.

Peritoneum

(muscularis propria)
Lamina propria

Urothelium

Bladder wall

® 2003 American Society of Clinical Oncology

Figure 1.2  Cross section of bladder wall showing the tissue layers

(Adapted from website: http://www.cancer.net/portal/site/patient (1))
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1.1.2  Types of Bladder Cancer

Bladder cancer is a heterogeneous disease that forms within the tissue layers of the
urinary bladder. There are four primary types of bladder tumors that can be
distinguished on the basis of the appearance (morphology) of the cells under

microscope:

* Transitional cell carcinoma (TCC) - Also known as urothelial carcinoma, this
type of bladder cancer affects the transitional epithelium that lines the wall of the
bladder. In the United States, more than 90% of bladder tumors are classified as

transitional cell carcinomas.

* Squamous cell carcinoma - This type of bladder cancer represents only about 4%
of all bladder tumors. It is most commonly associated with chronic irritation of the
bladder, such as long-term indwelling bladder catheters or bladder calculi (stones).
Squamous cell carcinoma of the bladder has also been linked to schistosomiasis, a
tropical disease spread by parasitic trematode worms, which is endemic in Africa

and Middle East.

* Adenocarcinoma - This is an extremely rare form of bladder cancer accounting for

less than 1% of all bladder tumors. It tends to occur in mostly younger patients.

* Small cell carcinoma - This type of bladder cancer is also very rare and represents

about 1% of all bladder tumors.



1.1.3  Different stages of transitional cell carcinoma

Bladder cancer can be broadly classified into non-muscle-invasive and muscle-

invasive tumors. Different stages of bladder cancer are indicated in Figure 1.3.

Non-muscle-invasive bladder cancer comprises of 70 % of all clinical cases. It
spreads across the urothelial lining (Stage Ta) and lamina propria (Stage T1) of the
bladder but do not penetrate deeply into the bladder wall, hence is collectively
known as superficial TCC. Carcinoma in situ (CIS) is another type of non-invasive
cancer that appears as red, ulcerated area in the bladder. Unlike TCC, cancer cells in
CIS, if not treated effectively, can proliferate quickly and progress to invasive cancer.
Approximately 70% of patients are diagnosed as having Ta, 20% as T1, and 10%

with CIS lesions in the latest collaborative review of bladder cancer (2).

The muscle-invasive bladder cancer refers to the bladder tumor that is either
invading the muscularis propria, which is the deeper layer of muscle cells that forms
the wall of the bladder (Stage T2), or the perivesical fat located beyond the bladder
muscle (Stage T3, T4). They carry higher risk of metastasis, i.e. spread beyond the
bladder to other body parts. About 15 % of the non-invasive cancers eventually
become invasive, yet there is no known diagnostic method that can accurately

predict progression.



Bladder cancer staging system

Figure 1.3  Illustration of the definitions of primary tumor (T) for primary

bladder cancer, ranging from Ta to T4.

(Adapted from http://www.montereybayurology.com(3))


http://www.montereybayurology.com/

1.2 Epidemiology and Etiology of Bladder

Cancer

1.2.1 Statistic of bladder cancer

An estimated 69,250 (52,020 males and 17,230females) new cases of bladder cancer
and 14,990 deaths (males: 10,670 and females: 4,320) were reported by the United
States in 2011, making it the fourth most prevalent cancer in men (4). In Hong Kong,
census from the Department of Health indicated that there were 374 new cases of
bladder cancer in 2008, with 283 and 91 cases for male and female respectively
(Figure 1.4), and the mortality rate is 35% (5). In general, male has around 3 times
higher risk of developing bladder cancer than female. Besides, bladder cancer is
most frequently found in the age between 50 and 70, especially if there is a known
family history of bladder cancer (6). According to the data provided by the US
National Cancer Institute, bladder cancer is most prevalent in Caucasian, followed

by the Blacks, then Asians (Figure 1.5).

Occupational exposures to carcinogens is one of the major causes of bladder cancer
(7). In the United States, approximately 25% of the bladder cancer diagnosed among
white men is due to occupational exposures (8). Chemical carcinogens, such as 2-
naphthylamine, benzidine, and 4-aminobiphenyl, are tightly related to several
occupations, such as painting, leather processing and hairdressing. Occupants are
frequently reported to develop bladder cancers (9). On one hand, long-term

exposures to these chemicals certainly increase the risk for getting bladder cancer;
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On the other hand, delay of voiding, due to occupational needs, will also lengthen
the time of contact between these chemicals and the urothelial cells, and thus further

increases the risk of developing the cancer.

Besides, cigarette smoking is the most critical risk factors for contacting bladder
cancer. It is widely known that there are more than 30 carcinogens inside a cigarette,
and smoking is equivalent to chronic exposure to all these carcinogens (10). In US,
about 50% of the bladder cancer attributes to cigarette smoking in both men and
women (11). When compared to the nonsmokers, smokers have two- to three-fold
increase in risk of developing the disease (12, 13). Moreover, the risk is thought to
be dose-dependent as the people who stop cigarette smoking possess an intermediate

risk between smokers and nonsmokers (14).
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Figure 1.5  Incidence rates of bladder cancer in different races.

(Data extracted from http://seer.cancer.gov/ (15))


http://seer.cancer.gov/

1.2.2  The linkage between 4-ABP and bladder cancer

Studies found that smoking is the major cause of bladder cancer due to chronic
exposure to carcinogens, particularly 4-aminobiphenyl (4-ABP), in the cigarette (10,
16-18). 4-ABP is a tobacco constituent, environmental contaminant and well-known
carcinogen. Its molecular structure is shown in Figure 1.6. It is often applied in
biological research as surrogate model of carcinogen, mainly due to its high stability,
long half-life and commercial availability. In this study, 4-ABP was chosen as the

stimulant for in vitro transformation.

Study has suggested that 4-ABP is effectively bio-activated in biological system via
various pathways, such as N-hydroxylation mediated by the hepatic cytochrome
P450 enzymes (19, 20) and oxidation by prostaglandin H synthase in urothelium (21).
The resultant metabolites, such as N-OH-ABP, are highly reactive and forms
covalent bonds with chromosomal DNA (22) resulting as DNA adducts (16), which

ultimately lead to chromosomal instability (23).

As a result of DNA damage, cell cycle checkpoints normally initiate signals to halt
proliferation and activate repairing mechanisms. Apoptosis is elicited if the damage
is too extensive or irreparable. It is generally believed that, in certain circumstance,
the DNA is mis-repaired and the mutated cell escaped from the cell cycle
checkpoints. Unregulated proliferation of the mutated cell ultimately forms the
tumor. The possible pathway for causing bladder cancer by 4-ABP is shown in

Figure 1.7.
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Figure 1.6  Structure of 4-Aminobiphenyl.
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Figure 1.7  Possible pathway for causing bladder cancer by ABP.



1.3 Genetic view of bladder cancer

1.3.1 Divergent pathways of bladder cancer

In the view of genetics, deletions in- or partial loss of chromosome 9 have been
commonly found in superficial TCC of all stages and grades (24). Alterations of
chromosome 9 occur during early stages of the disease and seemed to be involved in
the cancer development. Genetic divergence generally occurs after its alterations and

gives rise to different grades/stages of bladder cancer.

Superficial TCC and invasive bladder cancer are thought to arise from different
molecular pathways as illustrated by Figure 1.8. Invasive cancer is generally
characterized by alterations in the p53 and retinoblastoma pathways (25), while
superficial TCC commonly arise from the mutations in HRAS (V-Ha-ras Harvey rat
sarcoma viral oncogene homolog) and FGFR3 (fibroblast growth factor receptor 3)
genes. Previous studies showed that there is a high frequency of mutations in the
FGFR3 (30-80%) and TP53 (70%) among superficial TCC and invasive bladder
cancers, respectively (26). Bakkar et al (2003) found that FGFR3mut/TP53wt was
the most prevalent genotype (68%) in Ta stage, but non-existent in muscle invasive
cancer (27). FGFR3mut/TP53mut genotype was found in very few tumors
manifesting that the mutations in these two genes were nearly mutually exclusive.
However, the FGFR3wt/TP53wt genotype accounted for a considerable proportion
of tumors (29% of Ta and 50% of T1). This indicates that other pathways are also

involved in bladder tumorigenesis.
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Although existing study showed that expression of FGFR3 is a characteristic of low-
grade and low-stage urothelial carcinoma, as well as has a prognostic value for

recurrence-free survival (28), its role as recurrence predictor is still controversial

(29).
: — Non-invasive tumor _
. Hyperplasia (TaT1) «
75{;/’ HRAS*
FGFR3* 170%
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Figure 1.8 A schematic diagram showing the divergent pathways of bladder

cancer pr ogression.
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1.3.2  Gene expression study for bladder cancer

The cDNA microarray, originally developed by Schena et al in 1995 (30), is now a
widely used tool for high-throughput and multiplex gene expression profiling. This
technology  provides a  cost-effective,  holistic  overview  of  the
genomic/transcriptomic changes during cancer development and facilitates the
identification of specific genes and pathways involved. Microarray-based
transcriptomics have been applied in many clinical studies to predict the clinical
outcome of patient (31-35). From a cDNA microarray analysis, Dyrskjot et al (2003)
identified a panel of 26 genes to predict the recurrence of bladder cancer patient (32),
but the result is not reproducible (36, 37). Recently, Kim et al (2011) identified a
four-gene signature (ILI1B, SI00AS8, SI00A9 and EGFR) as prognostic indicator for
cancer progression in muscle invasive bladder cancer (38), but the result is not
consistent with the findings from previous study (35). It is generally recognized that
microarray analysis can be very helpful in identifying the gene expression pattern of
the disease, but any proposed signature of prognostic value must be validated using a
large number of samples prior to clinical application. The next generation of the
bladder cancer management will embrace the use of multimarker panels for
prognostic prediction and shift to targeted therapy that aims at bladder cancer-

specific biomolecules.
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14 Major obstacle in bladder cancer treatment

14.1 Management of transition cell carcinoma

Transurethral resection (TUR) is the most typical treatment for early-stage bladder
cancers, the superficial TCC. Common treatments and management of primary non-
muscle-invasive bladder cancer are indicated in Figure 1.9. A Population-based
study conducted in 1992 showed that from 535 patients with superficial TCC, more
than 90% of patients were treated with TUR alone (39). In essence, TUR is simply
having a cystoscope inserted into the bladder via urethra and the bladder tumor was
scraped off from the bladder wall using a small wire loop or fulgurated by the use of

laser or electrocautery.

Adjuvant intravesical chemotherapy is commonly applied, following TUR surgery,
to the patients. This therapy is almost always mediated by the administration of
Bacille Calmette-Guérin (BCG), an attenuated strain of the bovine tuberculosis
bacteria, into the urinary bladder via a urinary catheter. While BCG is widely used as
a vaccine against tuberculosis, its treatment effect on bladder cancer is puzzling,
nonetheless proven effective. There are two proposed pharmaceutical mechanisms of
BCG on bladder cancer: the immune response generated by BCG stimulation in the
bladder also activates the immune system against the cancer cells (40-43); or, the
inflammation caused by a BCG infection is toxic to the cancer cells (44). However,
not all patients are suitable for BCG treatment due to its side effects, such as

bacterial cystitis and dysuria, hematuria, and low-grade pyrexia. Others
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immunotherapy agents such as Interferon or chemotherapy medicines like
valrubicin (Valstar), mitomycin C, epirubicin (Ellence), or doxorubicin (Adriamycin)

can also been used.

Yet, regardless of the combinations of treatment received, there is an inevitable high

risk of recurrence in bladder cancer patients, which will be discussed as follows.

TURBT +
single, immediate chemotherapeutic instillation*

~ | N

Low Risk Intermediate Risk High Risk'
: E boied R : TURBT » single
Solitary, primary — Multiple or recurrent chematherapy’ Any T1 andlor G3 _ _
low-grade Ta low-grade tumours and/or CIS

' I :

Chemotherapy BCG + Maintenance BCG + Maintenance

4 |4
5 : '
Recurrence - Vo taaion Recurrence/ - Recurrence/

Figure 1.9  Algorithm for the treatment and management of primary non—
muscle-invasive bladder cancer proposed by the International Bladder Cancer

Group. (Adapted from Lamm et al, 2008(45))

Superficial TCC is primary treated with TUR. Risk of recurrence or progression is
depending on the tumor grade and previous history. Chemotherapy is applied for the
patient with high risk of recurrence. Surgical removal of the urinary bladder is the

last resort for patient with high recurrence rate.
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142 Recurrence in superficial transitional cell

carcinoma

Nowadays, one of the biggest challenges in bladder cancer treatment is the high
frequency of recurrence in superficial TCC. After TUR surgery, the recurrence rate
is as high as 60% within one year (46). Despite adjuvant treatment is commonly
applied to suppress recurrence, 15.7% and 45.8% of patients with single and multiple
tumors, respectively, experienced tumor recurrence within three months (47).
Furthermore, 10-30% of the recurrent tumors may progress to a higher grade and/or
stages. Recurrent tumor usually appears at the original tumor site or, sometimes,
other parts of the body. Such phenomena are generally described as intraepithelial
migration and intraluminal seeding from primary carcinoma, respectively (48).
Therefore, a lifelong follow-up by regular cystoscopy is necessary for these patients,
making bladder cancer the fifth most expensive cancer in terms of total medical care
expenditures (49). The management of bladder cancer, particularly surveillance for
recurrence and treatment of eventual recurrences, results in major clinical and
economic burdens (50). Therefore, reducing recurrence may significantly lower the
cost of health care. The distribution of the medical cost for each bladder cancer

patient at M.D Anderson is illustrated in Figure 1.10.
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Figure 1.10 Medial care expenditures for each patient with superficial

transition cell carcinoma at M.D Anderson.

14.3 Possible reasons for the high recurrence rate

Many researchers devoted to pursuit the cause of recurrence in bladder cancer and

four mechanisms of the recurrence are proposed (51):
1. Incomplete resection of the primary tumor;
2. Tumor cell re-implantation;
3. Growth of microscopic tumors present at the time of resection; And

4. New tumor formation.
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Among these proposed mechanisms, incomplete resection (#1) is the most probable
cause of early cancer recurrence (52). Grimm et al. found that residual tumor was
frequently located at the site of initial TUR (81%). Also, as reviewed by Hoglund,
majority of the recurrence are proven to be monoclonal (53), i.e. originated from the
same parental cell mass. Both findings suggested that residual cells from incomplete
initial surgery might stem the future recurrent tumor (54, 55). These residuals cells
may have substantial genetic mutations, but not yet tumorigenic, and present the
same morphology as the normal urothelium (48, 56). As a result, they were not

identified and removed during surgery.

The existence of phenotypically normal but genetically aberrant cells that fuelled
subsequent tumor formation has long been recognized. Slaughter et al. hypothesized
the whole field of tissue has increased risk of cancer development after exposure to
carcinogen and thus coined the term “field cancerization” (57). Hoglund further
expanded this theory by a normal-chronic-acute phase model (48). In this model
(Figure 1.11), a field of premalignant cells is formed through the exposure to
carcinogen. The cells within this field continuously accumulate genetic changes
during cell division or exposure to carcinogens. Because of the randomness of
mutations, some of the cells will acquire additional aberrations at different
chromosomal location at different rate. It is rationalized that the heterogeneous
levels/positions of mutations among the cells in the field leads to asynchronous
advent of criticality and, hence, appearance of tumors, with those that formed before
surgery were routinely called ‘primary’ and those that emerged after surgery were

classified as ‘recurrent’ (58, 59). This model is supported by a study in attempt to
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classify the biopsy specimens from 30 bladder cancer patients to the categories of
“tumors”, “bladder epithelium adjacent to the tumor” and “random distant bladder
epithelium” using cancer markers (60). It was found that biochemical alterations in
bladder tissue are often detectable before the appearance of any pathological sign,
and the tumor markers were expressed in the morphologically normal tissue samples

that were distant from the tumors.

Understanding these phenotypically normal but genetically aberrant cells will, with
no doubt, helps to explain not only frequent recurrence, but also the tumorigenesis of
bladder cancer. To facilitate the following discussion, these cells are termed
“sensitized cells”, i.e. cells that can easily become malignant in response to
additional minor mutations (‘sensitive’) and fuel new tumor formation. However, the

exact trigger(s) for these cells to become cancerous has not yet been identified.
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Figure 1.11 A schematic representation of normal-chronic-acute phase model.

(Adapted from reference (48))
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1.5 Molecular markers of bladder cancer

detection

As a result of the high recurrence rate in bladder cancer, a lifelong surveillance by
scheduled cytoscopic evaluation is needed for the patients who suffer from
superficial TCC. Markers for bladder tumor were then raised to provide a convenient
and non-invasive method so as to reduce the cost and discomfort of regular detection.
Currently available bladder cancer markers are listed in Table 1.1. Six tumor marker
tests, including BTA-Stat, BTA Trak, Nuclear Matrix Protein 22, bladder chek,
ImmunoCyt test and UroVysion test, have been approved by the United States Food
and Drug Administration (FDA) for routine patient monitoring. Although this, the
above tests are not commonly used clinically because of the high false-positive rate
or even low sensitivity and thus their diagnostic performances are still evaluating.
For these reasons, there is a need for new markers for diagnosis and follow-up of
bladder cancer. There are many potential markers such as survivin and telomerase

that are being investigated.
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Table 1.1 Currently available urine markers for bladder cancer

(Adapted and modified from (61))

Cancer Marker Proposed Uses FDA
approved
BTA Stat
BTA Trak Early Detection/
NMP22
Monitoring for Yes
Bladder Chek recurrence
Immunocyt
UroVysion
Hyaluronic acid
Telomerase
Survivin
BLCA-4
Microsarellite markers
Cytokeratin 8, 18, 19 Clinical No
Research

DD23monoclonal antibody

Fibronectin

HCG - protein and mRNA

DNA promotor regions of hypermethylated
tumor suppressor and apoptosis genes

Proteomic profiles (Mass spectrometry)
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15.1 Bladder tumor antigen

Complement factor H-related proteins (CFHR) are usually found in the urine of
bladder cancer patient. CFHR interrupts the complement cascade and protects cells
from lysis by complement proteins in vitro. Production of CFHR may confer a
selective growth advantage to cancer cells in vivo by allowing the cells to evade the
host immune system. CFHR 1is one of the most widely applied bladder tumor marker
and sometime aliased as ‘bladder tumor antigen’ (BTA). Qualitative point-of-care
assay in the form of test trip and quantitative test in standard enzyme immunoassay
format for this marker are commercially available as BTA stat® and BTA TRAK®
from Polymedco Inc. Despite these assays are seemingly promising in bladder
cancer diagnosis, sensitivity for superficial (Tis, Ta, T1) and invasive (T2-T4)
tumors are report to be 50-60% only, and the specificity is as low as 72%. False-
positive test results are also reported in patients with infection in the urinary system

(62), and thus they are not recommended for cancer screening or diagnosis (61).

15.2 Nuclear Matrix Protein 22

Nuclear Matrix Protein 22 (NMP-22) is a nuclear mitotic apparatus protein involved
in proper distribution of chromatin to daughter cells during cellular replication. It
may be released from the nucleus of tumor cells during apoptosis. NMP-22
BladderChek test (Matritech) is a flow immunochromatographic assay that detects
the amount of nuclear mitotic apparatus protein with cutoff 10U/ml. Although

NMP22 test is approved for clinical application by FDA, a large prospective
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validation study which included 1609 subjects monitoring from 2003 to 2010
showed that its specificity was only 28.57% (63). The study concluded that NMP22
results are affected by haematuria, infection and concentrated urine, thus it is not

recommended for BC screening.

153 ImmunoCyt test

ImmunoCyt test from Diagno-Cure Inc. detects bladder cancer markers
(carcinoembryonic antigen and mucin) on exfoliated cells using a panel of three
fluorescent monoclonal antibodies (64). 19A211 labeled with Texas red identifies a
high molecular weight form of carcinoembryonic antigen, while M344 and LDQ10
labeled with fluorescein are directed against mucins (65). These antigens were
expressed preferentially on low-grade superficial bladder (66) and claimed to have a
high sensitivity in certain studies (64, 67). However, the promising results could not
be confirmed in other studies (65, 68). In addition to controversial results on its

sensitivity, this test is quite labor intensive and a high amount of urine is needed (65).

154 UroVysion test

UroVysion test (Abbott Diagnostics) is a multi-target fluorescence in situ
hybridization assay for detecting aneupoloidy for chromosomes 3 (red), 7 (green), 17
(aqua) and loss of the 9p21 (gold) locus which are associated with bladder cancer
(69). It works by detecting the above chromosomal abnormalities in urinary
cells. Studies showed that UroVysion is more sensitive than urine cytology for

bladder cancer detection (70, 71). However, this test is more expensive than

26



traditional cytology testing. Besides, it is a labor-intensive and complex test which
requires highly trained personnel and sophisticated equipment (72) making it

difficult to adopt in routine practice.

15,5 Telomerase activity (TA)

In human, telomere is a repetitive sequence of TTAGGG located at the ends of
chromosome. It stabilizes and protects the chromosome from end-replication
problem (73). It is generally recognized that telomere length is one of the key factors
that limit cell proliferation. Telomere shortens by 50-200bp during each cell division,
and the cell will be forced to enter senescence when telomeric length decreases to a
certain threshold (74). This mechanism imposed a limit on the number of rounds of

cell divisions, which is now known as Hayflick limit (75).

Telomerase is an RNA-dependent DNA polymerase that stabilizes and maintains the
telomere. When recruited to the chromosomal ends, telomerase adds TTAGGG
repeats to the telomere via reverse transcription using its intrinsic RNA template (76).
While the proliferation of normal cell is limited (77), tumor cells express a higher
level of telomerase to maintain a constant telomeric length which allows them to
divide indefinitely (78). Telomerase activity (TA) is proposed to be a marker of
bladder cancer (79-84). A study showed that telomerase activity was detected in 39
out of 40 bladder tumors but no activity was found in the normal tissues (82). Also,
tumors with high telomerase activity showed a higher grade and invasiveness.
Similar study was done on the exfoliated cells in 109 urine samples, in which the

sensitivity and specificity for TA in bladder cancer detection were 62% and 96%,
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respectively (80). A comparative study of NMP-22, BTA and telomerase in bladder
cancer detection indicated that telomerase activity demonstrates the highest

specificity among the bladder cancer markers (85).

1.5.6 Survivin

Survivin is a member of the inhibitor of apoptosis protein (IAP) family, which has
been implicated in inhibition of apoptosis and control of mitotic progression by
interfering caspase activities (86, 87). Since its expression is high in cancer cell but
usually undetectable in normal tissue, it is a candidate marker for superficial bladder
cancer (88). Result from a multicenter study also suggested that survivin could be a
prognostic marker for bladder cancer (89). Another study even showed that survivin
outperformed the NMP22 test for bladder cancer detection (90). A recent systematic
review of urine-based survivin test using simple real-time PCR was reported to be

80% sensitive and 93% specific for bladder cancer detection (91).

1.5.7 Hyaluronic acid (HA)

Hyaluronic acid (HA) is a nonsulfated liner glcosaminoglycans that widely
distributed throughout the neural, connective and epithelial tissues. HA is
synthesized by hyaluronan synthase (HAS) which consists of three isoforms: HASI,
HAS2 and HAS3 (92). They lengthen HA by adding glucuronic acid and N-
acetylglucosamine to the nascent polysaccharide repeatedly, through the cell
membrane into the extracellular space. The molecular structure of HA was showed

in Figure 1.12. As a main component of extracellular matrix, HA involves in
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different process of cancer development included cell proliferation, migration and
progression. The major cell surface receptor for HA is CD44 (93). Their binding was

proved to be involved in cancer development (94).

On the other hand, the role of HAS in cancer development have been widely
investigated. HAS1 overexpression has been shown to promote tumor growth and
invasion in bladder cancer cell line by modulating HA synthesis (95). HAS2 was
reported to function in controlling the cell growth and migration in breast cancer cell
lines (96, 97). Overexpression of HAS3 was shown to enhance tumor cell growth,
extracellular matrix deposition, and angiogenesis of prostate cancer cell line (98). It
is believed that the HAS control the malignant phenotype of cells by modulating the

synthesis of HA (95, 96).
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Figure 1.12 Molecular structure of hyaluronic acid.

It composes of repeating polymeric disaccharides D-glucuronic acid (GIlcA) and N-

acetyl-D-glucosamine (GIcNAc) linked by a glucuronidic (1-3) bond.
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1.6  Tumor initiating cell marker- CD44

1.6.1 Tumor initiating cell

There are accumulating evidences supporting that primary and recurrent tumors are
derived from a minor population of cells, which is called tumor initiating cell or
cancer stem cell, through clonal expansion. Similar to normal stem cell, this kind of
cells is highly proliferative and capable of self-renewal. The cancer stem cells can
recreate heterogeneity of the parental tumor, and seemed to be more resistant to
anticancer drugs than other cancer cells. The origin of these cells has yet to be
known. It is theorized that they are generated from mutated stem cells that cannot
regulate its proliferation, or from progenitor cells that acquire self-renewal ability

through differentiation.

Isolation of such cells can be achieved by studying the differential expression of a
panel of stem cell markers which included CD44, CD133, CD49f/integrina6, CD166,
CD105 and markers that define epithelial differentiation such as CD24 (99). Recent
studies have shown that CD44 can also be used as a marker for isolating the tumor
initiating cell from a wide range of cancers, including breast (100), colon (101, 102),
gastric (103), prostate (104, 105) and bladder cancer (99). The cell surface markers
can be used together for the selection of tumor initiating cells e.g. CD44 CD24 for
breast cancer cell (100), CD1337/CD44" for colon cancer cells (101), and

CD44 /alpha2betalhi/CD133" for prostate cancer cells (104). All these studies
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reported that CD44" cancer cells are more tumorigenic, clonogenic and metastatic

than CD44  cells.

1.6.2 Introduction of CD44

CD, which stands for “cluster differentiation”, is a class of glycoproteins on the cell
surface that act as identifying markers and define the function of the cells. CD44
molecule belongs to a family of polymorphic transmembrane glycoproteins and
presents on a wide range of normal and malignant cells in epithelial, mesothelial and
hemopoiesis tissues. CD44 is encoded by a single gene located on chromosome
11p13. Its structure composed of an amino-terminal domain, hyaluronan binding
domain, a stem region, a transmembrane domain and a cytolasmic domain. The
protein structure of CD44 is illustrated in Figure 1.13. The stem region is the
primary site for alternative splicing. The most abundant (standard) form of CD44
(CD44s; 85-95 kDa) 1s formed by splicing out all 9 variable exons but the first and
last 5 exons remains. Alternative splicing of the central 9 variable exons, as well as
posttranslational modification generate multiple variants (CD44v). Examples of
alternative spliced CD44 such as exon v3 containing CD44 isoforms (CD44v3) are

shown in Figure 1.14.

CD44 is a well-known receptor for hyaluronic acid, collagen, laminin, and
fibronectin. It binds with its ligands via the binding sites in amino-terminal domain
and interacts with actin-binding proteins (ankyrin, ERM proteins, merlin), non-
receptor kinase (Src) and signal transducers (PI3K/ Akt, MAPK) with its

cytoplasmic domain (106). It controls cellular activities such as cell-cell interactions,
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cell adhesion and migration, lymphocyte activation, recirculation and homing, and

hematopoiesis via associations of cytosolic proteins and growth factors.

Hyaluronan
binding domain

~ I 19 E Hyaluronan <> ECMmolecules (i.e.
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Figure 1.13  The protein structure of CD44. (Adapted from (106))

The function of CD44 is depended on its structural modification which included: A)
alternative splicing in extracellular proximal domain (red) that generate different
variants; B) N-glycosylation (orange) and O-glycosylation (purple).
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Figure 1.14 The gene structure of CD44 and it variants.

Different variants are generated by alternative splicing of exon in the extracellular

membrane (Adapted from Sneath and Mangham, 1998 (107)).
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1.6.3 CD44 in cancer development

In addition to its functions in normal cells, CD44 plays a vital role in cancer
development, which is summarized in Figure 1.15. As a multifunctional cell surface
receptor, CD44 can detect the change of extracellular matrix components and co-
ordinate signaling events that enable the cell to response. The signaling output of
CD44-involved pathways, including induction of inflammation, promoting cell
proliferation and migration and inhibition of apoptosis, are strongly related to cancer

development (discuss detail in review (108)).

Indeed, it has been suggested that it is the CD44-Ligand complex, instead CD44
alone, mediates the tumor-like phenotypes. Cell adhesion formed between CD44 and
HA plays an important role in cell migration, tumor growth and progression (106,
109-111). A cluster of four amino acids (Arg-41, Tyr-42, Arg-78 and Tyr-79) within
extracellular distal domain is essential for HA binding (112). Many studies indicated
that CD44-HA binding causes cytoskeletal reorganization that leads to cell
proliferation, invasion and migration (113-116). Bourguignon et al, showed that
CD44 — HA signaling can activate c-Src-mediated twist signaling through induction
of specific intermediates which included RhoA/RhoC leading to rearrangement of
actin cytoskeleton (115). Their interaction can also activate EGFR-mediated
signaling pathway to promote cell migration and chemotherapy resistance (116).
Besides, HA fragments were shown to activate NF-«xB in a diversity of cell lines that
expressed CD44 (117). The triggered chronic inflammation may induce proliferation

ability of tumor cell (118).
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Moreover, CD44 can also bind with other ligands such as osteopontin to activate
phosphoinositide 3-kinase (PI3K) and Akt, initiating the expression of the anti-
apoptotic genes, hence suppressing apoptosis (119). Furthermore, binding between
CD44 and receptor tyrosine kinases, such as ERBB1 and c-Met receptor, is found to

be playing a vital role in tumor progression (120).

The relationship between CD44 is well illustrated by its high abundance in most
bladder carcinoma cell line (121) and the characteristic expression pattern in the
urothelium at different tumor stages. Immunohistochemical analysis of CD44 in
normal bladder urothelium revealed that CD44 is expressed primarily in basal layers
(Figure 1.16). This layer consists of cells possessing undifferentiated phenotype and
displaying characteristics of adult tissue progenitor and transit amplifying cells. For
the neoplasmic bladder, both basal and superficial cells are CD44-positive but the
expression decreases along with tumor dedifferentiation and advancing pathologic

stages (99, 122-124) (Figure 1.17).

Besides, CD44 variants are postulated to have different roles in bladder cancer
development. For example, a study examined 55 tissue samples of TCC found that
the expression of CD44v10 was positively related to tumor recurrence and the
expression of CD44v5 showed the opposite (125). Another study even suggested that
CD44v6 was a bladder cancer initiating cell marker (126). Specificity and sensitivity
of CD44 as cancer marker were extensively investigated and summarized in Table
1.2 (123, 127-131). Recently several papers reported that the expression of CD44s

and CD44v6 was correlated with the grade and stage of bladder cancer (122, 132).
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The expression profiles of them are of great interest to be study in bladder cancer

development.
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Figure 1.15 A schematic diagram showing some of the signaling pathway

triggered by CD44 during cancer development.

(Adapted and modified from review (108))
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Figure 1.16 CD44 expression in normal bladder urothelium.

Maximum CD44 expression was found in the basal cell layers and the intensity
decrease in a step-wise manner towards the superficial cell layer. This picture was

Adapted from Left: (99), Right: (122) .

Figure 1.17 CD44 expression in neoplastic bladder.

Left: Irregular immunostaining for CD44s in Grade 3 TCC; Right: Reduction of
CD44 expression in Grade 3—4 TCC. Pictures were Adapted from (122).
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Table 1.2 Detection of bladder cancer using CD44 as markers

Detection target Detection Sample no. Sample Type  Sensitivity Specificity = Reference
Method % %o

CD44v6 PCR 44 patients, 46 controls  Exfoliated cells 91 83 (127)
CD44 isoforms > 160 kDa Western blot 47 patients, 43 controls Exfoliated cells 75 100 (123)
CD44 splice variants RT-PCR 25 patients, 11 controls Tissues 92 89 (128)
CD44 v8-10 RT-PCR 71 patients, 50 controls Exfoliated cells 77 100 (129)
Cl?44 isoforms >1500 base RT-PCR 22 patients, 11 controls Tissues 82 74 (130)
pairs

CD44 isoforms RT-PCR 20 patients, 20 controls  Exfoliated cells 90 100 (131)
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1.7  Research gap

Nowadays, one of the biggest challenges in the treatment of bladder cancer is its
high frequency of recurrence in superficial transitional cell carcinoma (Ta/T1). There
is no single causal gene or pathway has been identified to explain the high
recurrence rate. In this study, we proposed that the high recurrence rate of superficial
TCC is due to the presence of pre-cancerous, i.e. sensitized, cell in the urothelium

after TUR.

CD44 is one of the foci of this study since it is expressed by a wide range of
malignant tumors and plays a critical role in cancer development, including cell
proliferation, migration and progression. Also, a recent study showed that it is a
tumor initiating marker of bladder cancer. However, little is known about its
contribution in tumorigenic transformation or the pathway involved during the

process.
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1.8 Hypothesis and objectives of the present

study

In this study, we hypothesize that pre-cancer (sensitized) cell is a major source of
bladder cancer recurrence; and CD44, a tumor initiation marker, may involved in the
transformation process. To evaluate this hypothesis, specific objectives are set as

follow:
1) To verify the presence of sensitized cell
2) To identify the characteristic of sensitized cell
3) To investigate the involvement of CD44 during transformation process

The information obtained would be useful to address part of cancer prevention and

prediction as well as target therapies.
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Chapter 2 Methodology

This chapter describes the general cell culture techniques, molecular biology
methods and data analysis used in this thesis. The methodology can be divided into 4
parts to achieve the aims of this study. Part 1 is related to the analysis methods of
the published microarray data; Part 2 describes the used of malignant transformation
model for studying the ABP-induced transformation process; Part 3 mainly focuses
on the methods used to measure CD44 during tumorigenic transformation while Part
4 describes the measurement of HAS and HA. The materials and reagents are listed

in the Appendix I.

2.1  Microarray analysis

A published, open-access microarray data was used to demonstrate any difference in
gene expression profile between normal bladder epithelium and the tissue that is near
to the tumor (“tumor-surrounding”). Pre-processed data (accession number:
GSE13507) was retrieved from NCBI Gene Expression Omnibus in the form of
Series Matrix Files and imported into R/Bioconductor 2.9 for subsequent analysis.
This dataset includes individual Illumina Human-6 v2 Expression BeadChips for
each of the 10 normal urothelium (Control) and 58 urothelial samples that were near

to primary tumor (Surrounding).
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Differentially expressed (DE) genes were detected using the limma package (version
3.10.3). p-values of the empirical Bayes moderated statistics were adjusted for false
discovery control by use of Benjiamini and Hochberg procedure. Expression levels
of the DE genes were visualized using as heatmap. Hierarchical clustering of the DE
genes and samples were performed based on correlation metric (1 — [Kendall’s taul)

and weighted average linkage (McQuitty's Similarity Analysis).

2.2  ABP- induced transformation model

221  Carcinogen- ABP

Tumorigenic transformation is a process that the cells acquire abnormal
characteristics such as self-sufficiency in growth signals, insensitivity to anti-growth
signals, evading apoptosis, limitless replicative potential, sustained angiogenesis and
tissue invasion & metastasis (77). This process may occur primarily in normal tissue,
or secondarily in benign tumor. The causes of tumorigenic transformation vary but
the underlying principle is genetic mutation either by inheritance (germinal mutation)
or, more commonly, by accumulating mutations in life-time (somatic mutation).

These mutations can be induced by exposure to carcinogens.

Tobacco smoke contains over 4000 chemical compounds, many of which are
carcinogenic and one of these is 4-aminobiphenyl (4-ABP). This study focuses on
the cause for cancer recurrence and the early stage after exposure to carcinogen is of

utmost important. Tumor initiating cell markers can be used as the indicators in this
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model during the period of tumorigenesis. The change of expression of these

markers may be useful for tracing the pathway for tumor formation.

222  Malignant transformation model

In order to investigate the transformation process, a special derivative (PC stock) of
SV40-HUC cell line (University of California, Los Angeles) and HUC-1 (ATCC,
USA) were used as models in this study. The HUC family is a well-established in
vitro tumorigenic model (133). HUC-1 is an SV40 immortalized human uroepithelial
cell line. It was proven non-tumorigenic when inoculated into athymic nude mice
even after 56" passage (134). HUC-PC is derived from the immortalized HUC by
cryopreservation at passage 10, thawed, expanded and then cryopreserved again at
passage 21. It carries higher level of chromosomal instability and has been widely
used as malignant transformation model in cancer transformation process (133, 135-
138). HUC-PC has been applied to study the effect of carcinogen 4-aminobiphenyl
(ABP) on bladder cancer transformation (139). 24-hr exposure to 200uM ABP
followed by 6 weeks of passage resulted in tumor after being injected into nude mice,
while none of the controls (without ABP treatment) were tumorigenic. Similar result
was also observed in another study using the occupational carcinogen N-hydroxy-

4,4'-methylene bis(2-chloroaniline) (N-OH-MOCA) (138).

HUC-PC resembles the sensitized cells, the postulated cause of high recurrence rate
in bladder cancer patient, that it is phenotypically normal (similar to HUC-1) but
carries extensive genetic defects and is prone to become tumorigenic if additional

mutations occur. This tumorigenic model can be used to mimic the sensitized cells in
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the epithelium of bladder cancer patient after TUR. The transient ABP treatment
imitates stimulations that lead to additional mutations (e.g. rapid cell proliferation in
wound recovery after the surgery, contact with carcinogens due to occupational need
or active/passive smoking, etc) which slowly drives (6 weeks of replication) the cell

to become cancerous.

223 Cell Culture

1 x 10° viable cells was seeded on 100 mm dish, in Dulbecco’s Modified Eagle’s
Medium/Nutrient Mixture F-12 Ham (DMEM; Sigma-Aldrich Corporation) with
10% Fetal Bovine Serum (FBS; Invitrogen), maintained in humidified incubators at

37°C in 5% CO; and 95% air.

224 Transformation study after exposure to

carcinogen

The two cell lines were incubated with 200uM ABP (Sigma) dissolved in 50ul
DMSO (Sigma) or, as control, with DMSO alone, for 24 hrs. Treated cells were
passaged weekly for 6 weeks and characterized for proliferation and invasion

abilities. CD44 expression was monitored throughout the passages.

43



2.3 Assessment of the tumorigenicity of ABP

exposure

To confirm the treated cells are transformed, bladder cancer markers and functional

assay were applied to assess the tumorigenicity.

23.1 Telomerase Activity Assay

Since telomerase activity shows a high specificity among bladder cancer markers
(detail in Chapter 1), it was used to access the tumorigenicity of the ABP exposed
pre-cancerous HUC-PC after 6-week incubation. Functional telomerase activity was
assessed using real-time telomeric repeat amplification protocol (RTQ- TRAP) (140,
141). It is based on the use of an engineered telomerase substrate (TS) primer, which
mimics telomeres and is elongated by telomerase. The length of elongated TS primer
is proportional to the telomerase activity and is quantified by routine real-time PCR

(qPCR) procedure.
2.3.1.1 Protein extraction

3x10° cells were centrifuged at 1000 g for 15 mins briefly rinsed in DMEM. Cell
pellet was lysed in 80 pl 1X CHAPS lysis buffer by rapid pipetting up-and-down for
30 sec and incubated on ice for 20 minutes. The lysate was then centrifuged at

14000rpm for 30minutes at 4 °C and the supernatant was collected and stored at -

80°C.
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2.3.1.2 Protein concentration determination

Protein concentrations of the lysates were determined by use of Bradford assay. Sul
of protein lysate was diluted with 145ul of 1x CHAPS buffer and incubated with
Protein Assay Reagent (Bio-Rad, USA). A standard curve (serial dilution of bovine
serum albumin stock solution at 25, 50, 100, 200, 400pg/ml) was run along with the
samples. Reaction mixture was incubated at room temperature for 15mins.
Colorimetric signals were measured at A595 using microplate reader. Absolute

protein amount was interpolated from the standard curve.

23.13 RTQ-TRAP assay

0.1pg of protein extract was incubated with 2.25ul of 10X TRAP buffer, 0.25ul
dNTPs (10mM), 1ul TS primer (0.1pg/pl; 5'-AATCCGTCGAGCAGAGTTAG-3";
HPLC purified), 1pl ACX primer (0.08pg; 5'-GCGCGG(CTTACC)4-3"; HPLC
purified), 0.25ul SYBR Green I dye (1/250; Applied Biosystems, USA), 0.25ul ROX
reference dye (1/5000; Invitrogen, USA), 0.25ul Hot-star Taq polymerase (Promega,
USA) in a total volume of 25 ul at 25°C for 30 mins. Telomerase reaction was then
terminated by heating at 95°C for 15 mins. Subsequent PCR profile included 40
cycles of heat denaturation at 95°C for 30 s, annealing at 60°C for 30 s and extension
at 72°C for 1 min in Applied Biosystems 7500 Fast Real-Time PCR System. The
relative telomerase activity in each sample was represented by the fold difference

calculated using 2 method.
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23.2 Measurement of survivin mRNA expression

23.2.1 RNA isolation and cDNA synthesis

After 6 weeks of transformation, the cell samples were collected and the total RNA
was extracted using RNeasy mini kit (QIAGEN) according to the manufacturer’s
instruction. Genomic DNA contamination was prevented by DNase (Promega)
treatment. lpg total RNA was converted to cDNA by reverse transcription with
BluePrint RT reagent kit (TaKaRa) and the final product was stored at -20°C. The
reason we choose QPCR is that it is a cheaper and time-saving method with higher

sensitivity. It is a common method for measuring survivin clinically (142-144).
23.2.2 Real-time PCR

Gene-specific primers were designed using NCBI Primer-Blast with default settings
(specificity check: Human RefSeq database). Gene-specific primer sequences were
listed in Table 2.1. PCR efficiency was guaranteed to be 90-110% using the routine
standard curve method and the results are shown in Appendix II. Primer specificity

was validated by the use of melt curve analysis.

1 pl of 10-fold diluted cDNA was mixed with 1 pl forward primer (10 uM), 1 pl
reverse primer (10 uM), 10 pl SYBR® Premix Ex Taq™ 1l (TaKaRa) and 7 ul
DNase-/RNase- free distilled water (Gibco). Hot-start Taq polymerase was activated
at 95°C (10 mins). Samples were cycled through a thermal profile of denaturation at
95°C, annealing at 60°C and extension at 72°C (each for 30 s) in Applied

Biosystems 7500 Fast Real-Time PCR System. Each sample was assayed in
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triplicate wells. Threshold cycle numbers (Ct) of each target gene in each sample
was automatically determined by the ABI SDS Software (v1.4) and normalized to
the Ct of endogenous control. In our study, TATA-box binding protein (TBP)
mRNA was chosen as the endogenous control because it was shown to be the most
stable housekeeping gene in bladder cancer and recommended as reference gene for

relative gene quantification (145). Relative expression was expressed by the routine

2724C method.

Table 2.1 Primer sequence for Real-time PCR of survivin

Gene Forward primer sequence Reverse primer sequence Amplicon
length (bp)

Survivin GGAGAATATCACAGTGGTT GCCAATTACTAAGCAACAG 135

TBP CGGAATCCCTATCTTTAG GACTATTGGTGTTCTGAA 77
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2.3.3 Proliferation assay

CellTiter® 96 AQueous One Solution Cell Proliferation Assay (Promega) was used
to evaluate the proliferation rate of the treated human urothelial cell. It is a
colorimetric method utilized the capability of viable/proliferative cells to reduce
MTS tetrazolium compound to colored formazan product. The quantity of formazan
product can be quantified by measuring the absorbance at 490nm, and is directly

proportional to the number of living cells in culture.

Cells were seeded at a density of 5 x 10° in 96-well plates with 1001 of culture
medium. After 48 hours, 20ul of CellTiter® 96 AQueous One Solution was
dispensed to each well, and the plate was incubated for 1-4 hour at a humidified, 5%

CO; atmosphere. Absorbance was measured at 490 nm using microplate reader.

OCH,COOQH OCH,COQH SD
Q’ |
M= N f:; CH3 CHS
CH, CH5
9
MTS Formazan

Figure 2.1 Mechanism of CellTiter® 96 AQueous One Solution Cell
Proliferation. A MTS assay: the tetrazolium salts (MTS) is bio-reduced by the
dehydrogenases and reductases. The rate of reduction is proportional to the number

of viable cells.
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234 Invasion assay

After 24 hr incubation with 200 uM ABP, HUC-PC was passaged for 6 weeks.
Invasion assay was applied to test the invasiveness of cancerous transformed cells
and the DMSO control. Cells were seeded into a chamber with two medium-filled

compartments separated by a microporous membrane coated with a layer of Matrigel.

Transwell inserts with 8 um pores were coated with Matrigel in 1:5 dilution. 7.5 x
10* cells suspended in serum-free medium were seeded to the insert (Upper chamber)
in duplicate, whereas medium containing 10% FBS was added to each well (Lower
chamber) as a chemoattractant (Figure 2.2). Following incubation for 48 hours at
37°C, invaded cells that passed through the membrane to the lower surface were
fixed in neutral buffered formalin and stained using 0.5% (w/v) toluidine blue in 2%
(w/v) sodium carbonate (Na,COs3) solution. Non-invaded cells on the upper surface
of the membrane were then wiped out with a cotton wool swab. The invaded cells

were captured under a light microscope at 100x magnification.
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Figure 2.2 A schematic diagram showing the setup of in vitro invasion assay.
It was applied to test the invasiveness of cells. This set up contains with two
medium-filled compartments which is separated by a microporous membrane coated
by a layer of Matrigel. Cells suspended in serum-free medium were seeded to the
Upper chamber, whereas medium containing 10% FBS was added to the Lower

chamber as a chemoattractant.
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24  Measurement of CD44

In our study, we focused on precise evaluation and analysis of the CD44 standard
molecule expression during transformation of HUC-PC. Simultaneously, we also

measured the CD44 isoforms mRNA expression.
24.1 Dose response of on ABP toward CD44 induction

Different concentrations of carcinogen 4-ABP (0, 50, 100, 200 mM) were used to
induce transformation of pre-cancerous HUC-PC. DMSO was used as a solvent for
dilution and 50ul of the diluted carcinogen was added to each plate. After 24hr
exposure, the medium with carcinogen were removed and replaced with fresh
medium. The change of CD44 expression after 1 week of incubation was measured

by flow cytometer.
242 Measurement of cell surface CD44 expression

Anti-CD44 (FITC) antibodies (clone J.173; Beckman Coulter), with excitation and
emission spectrum wavelengths 468-509 nm and 504-541nm, respectively, were
used to label the CD44 transmembrane proteins on the cell surface. Flow cytometer
(FC500 Beckman Coulter) was applied to measure the CD44 expression level.
Gating parameters were set by side and forward scatter to eliminate dead and

aggregated cells.
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243  Measurement of CD44 mRNA expression

After 6 weeks of transformation, CD44s and CD44v6 expression were assessed

using qPCR. Procedure was identical to those described in Ch 2.3.2.1 (Page 46).
243.1 Real-time PCR

Real-time quantitative polymerase chain reaction (RT-qPCR) was performed. The
primer sequence for the target genes are shown in Table 2.2. Detail procedures are

described in Ch 2.3.2.2 on P.46.
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Table 2.2 Primer sequences for Real-time PCR of CD44 isoforms

Gene Forward primer sequence Reverse primer sequence Amplicon length (bp)
CD44 v6 CCTAGTAGTACAACGGAAGAA TTTGGGTGTTTGGCGATA 87 (v1,v2)
CD44 standard CCTGCTACCAGAGACCAAGA ATGTGAGTGTCCATCTGATTCA 84 (v4,v8)
CD44 total ACTTCAGGAGGTTACATCT GATTCTGTCTGTGCTGTC 93 (v1,2,3,4,6,7,8)
TBP CGGAATCCCTATCTTTAG GACTATTGGTGTTCTGAA 77

53



2.5 CD44 knockdown

A stable HUC-PC clone of CD44-knockdown was generated to demonstrate whether
the CD44 induced after ABP stimulation was essential for transformation. If CD44
suppression can reduce the carcinogenic effect of ABP in HUC-PC, it will be used
therapeutically to reduce the recurrence. CD44-specific short hairpin RNA (shRNA)
constructs that target all the CD44 isoforms, along with a scrambled (Scr) construct
plasmid cassette in pGFP-V-RS vectors, were acquired from Origene. The scrambled
non-effective plasmid was served as a negative control to exclude any potential
interferon response. The sequences of the CD44 shRNA are listed in Table 2.3, and

the schematic diagram of pGFP-V-RS vectors is shown in Figure 2.3.

25.1  Plasmid amplification

Iul of diluted plasmid (Ing/ul) was used to transform the competent E. coli strain
DH5a. The transformants were plate on the LB-kanamycin (25pg/ml) plates and
incubated overnight at 37°C. Single bacterial colonies were inoculated into 7ml LB-
kanamycin broth and cultured overnight. Plasmid was recovered and purified by the
use of PureYield ™ Plasmid minprep system (Promega). The concentration of the
purified plasmid DNA was determined using NanoDrop® ND-1000

spectrophotometer (Thermo Fisher Scientific) and stored at -20°C.
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25.2 Plasmid transfection

7x10° cells of HUC-PC were seeded to 6-well plate with 2ml complete medium in
each well and incubated for 24hrs to reach 80% confluent. Transfection complexes
consisting of 2 pg plasmid DNA, 6ul FuGENE HD Transfection Reagent (Promega)
and 200 pl Opti-MEM I (Invitrogen) were incubated for 20 min at room temperature
then added to each of the wells and incubated with the cells for 48 hrs. The

transfected cells were passaged into a fresh vessel containing growth medium.

253 Stable clone selection

Stable clone (plasmid was integrated into the genome) was selected for 2 weeks in
presence of puromycin (0.5-1pg/ml). Knockdown was confirmed by immunoblotting
for CD44. A frozen stock of the stable clone was stored under liquid nitrogen in

DMEM with 5% DMSO and 10% FBS for further experiments.
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Table 2.3 CD44-specific short hairpin RNA (shRNA) constructs.

Sequences of 4 unique 29mer shRNA constructs in retroviral GFP vector are specific

to human CD44 gene.
Tube ID Sequences
GI356313 GGTGGAGCAAACACAACCTCTGGTCCTAT
GI356314 GCTGACCTCTGCAAGGCTTTCAATAGCAC
GI356315 GACAGAAAGCCAAGTGGACTCAACGGAGA
GI356316 GGACTCCAGTCATAGTATAACGCTTCAGC

Loop

LAv

Tasget Sequence 7m,, TYarget Sequence RC * '

NAAS AN AR AN NONANAANAPDANNANN TTTTTTIG OAA

-
20nmt 20nt

% <~

%

.

: PGFP-V-RS
s (7584 bp)

‘% MCS o°6§

iy’

RC * - rovorso complement

Figure 2.3  The schematic diagram of pGFP-V-RS vectors for cloning shRNA

expression cassettes.

This vector is designed for long term gene silencing studies. It contains the pCMV to
drive the expression of tGFP gene for monitoring the transfection efficiency. Besides,

its puromycin resistance property is designed for stable clone selection.
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2.6 Measurement of HAS

The way that CD44 involves in the early stage for tumorigenesis is unknown. Its
interactions with hyaluronic acid and other ligands e.g. osteopontin (a chemotactic
phosphoprotein) are required to investigate so as to find out the pathways for cancer
development. In this study, we measured the quantity of HAS mRNA by using real-

time PCR as well as HA by HPLC.

2.6.1 RNA isolation and cDNA synthesis

After 6 weeks of transformation, the cell samples were collected and total RNA was

isolated. Detail procedures were described in Chapter 2.3.2.1 on P.46.

2.6.2 Real-time PCR

Real-time quantitative polymerase chain reaction (RT-qPCR) was performed. The
primer sequence for the target genes are shown in Table 2.4. Detail procedures are

described in Ch 2.3.2.2 on P.46.
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Table 2.4  Primer sequences for Real-time PCR of HAS isoforms
Gene Forward primer sequence Reverse primer sequence Amplicon length (bp)
HAS1 CAGGGAGGGTATTTATTG ATAAGAACGAGGAGAAAG 77
HAS2 ATGGTGCTTGATGTATGA TATCTGATGCCACAATACT 97
HAS3 AGCAACTTCCATGAGGCAGG GCACCACATCCCGCACAC 79
TBP CGGAATCCCTATCTTTAG GACTATTGGTGTTCTGAA 77
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2.7  Measurement of HA by HPLC

High-performance liquid chromatography (HPLC) is a chromatographic technique to
separate a mixture of compounds with the purpose of identifying and quantifying the
individual components of the mixture. The method for quantifying HA in cell culture

medium is described as below.

2.7.1 Recovery of crude extracts of urinary polyanionic

macromolecules

8ml cell culture medium samples were collected and diluted with 24ml of 0.025M
sodium acetate buffer at pH 5.8. 800ul cetylpyridinium chloride (CPC) in acetate
buffer was added into the diluted medium and allowed to stand overnight at 4°C. The
precipitate was washed twice with ice-cold distilled water and re-dissolved in 100ul
propan-1-ol. 400ul of sodium acetate-saturated ethanol was added to the propanolic
solution to re-precipitate the urinary polyanionic macromolecules (UPM) as sodium
salts by standing the mixture overnight at 4°C. The precipitate was washed twice

with ice-cold cooled ethanol (EtOH) and then dried in Speed Vac.

2.7.2  Recovery of urinary GAG from crude extracts

The dried UPM was dissolved in water to 20mg/ml. An equal volume of papain
buffer (2X) and 0.1ml of papain suspension were added to the solution and incubated

at 65°C overnight. The digestion mixture was then centrifuged. The supernatant
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containing GAG was collected. The residue was washed 3 times with 65°C distilled
water before it was discarded. The supernatant and the extractions were pooled

followed by the sequential CPC-EtOH precipitation procedure for GAGs recovery.
273 Selective digestion of Hyaluronan

GAG extract was dissolved in 30 ul 0.02M acetate buffer at pH6.0 together with 30
ul Streptomyces hyalurinidase and incubated at 37°C for 16 hrs. Resistant
macromolecules in the digestion mixture were precipitated by 4 volumes of EtOH at
4°C for 16 hr. The digested products in the supernatant were recovered after
vaporization of EtOH and incubate with 50 pl Chondroitinase-ABC buffer and 10 pl
Chondroitinase-ABC at 37°C for 16 hrs. Resistant macromolecules in the digestion
mixture were, again, precipitated with EtOH at 4°C for 16 hr. The disaccharide
products in the supernatant were recovered after vaporization of EtOH and then

reconstituted in 50ul mobile phase.
2.74  HPLC analysis

Chromatography was performed at room temperature on a Partisil SAX 5u (250 x
4.6-mm inner diameter) column (Alltech) with a Waters 2695 HPLC system. The
column elute was monitor at 232nm. Unsaturated disaccharides (Adi-nonSys) were
eluted with SmM sodium dihydrogen orthophpsphate/orthophosphoric acid (pH
2.55). Nonsulfated tetrasaccharides and hexasaccharides as well as di-monoScs were

eluted with 50mM sodium dihydrogen orthophosphate/ orthophosphoric acid (pH
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2.5). A standard curve of serial HA concentrations (0, 1.56, 6.25 and 12.5ug) was

generated.

2.8  Statistical analysis

The ABP treatment effects on telomerase activity, proliferation and expressions of
aforementioned target genes (CD44, HAS, survivin) were tested by the use of
Student’s t-test or Mann-Whitney rank sum test, whenever normality assumption
was violated as indicated by Shaprio-Wilk’s test. Levene’s test was employed to
ensure the validity of the homoscedascity assumption of both tests. Interactions
between effects of ABP-exposure (treatment effect) and time-post-exposure
(temporal changes) on CD44 expressions were tested by the use two-way analysis of
variance (ANOVA). If statistical significant interaction was found, the main effects
of ABP-exposure and time-post-exposure were illustrated, respectively, by: (1)
Student’s t-test (or Mann-Whitney rank sum test, as above) by each week-post-
exposure. False discovery rate in multiple testing was controlled by the Benjiamini
and Hochberg procedure; (2) one-way ANOVA for each treatment group, followed
by Tukey's post-hoc test (Tukey—Kramer method). Normality and homoscedascity of
residuals in the ANOVA were validated as above. All statistical tests were carried
out in R (version 2.14) at the significance level of 0.05. All charts were graphed as

mean + SEM.
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The methodology of this research study was all mentioned in this chapter including
the experimental design and general setting. The results of this thesis are provided in

Chapter 3.
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Chapter 3  Results

3.1 Evidences to support the presence of

sensitized cell

There were 444 transcripts differentially expressed between the normal urothelium
(‘normal’) and the urothelial cells that were near to the tumor sites (‘neighboring’).
The gene list is shown in Appendix III and the biological functions of these DE

transcripts were summarized in Appendix IV.

The ‘neighboring’ samples were segregated into two distinct groups, indicating that
these samples are in fact a collection of biopsies with two major genotypes. As
revealed by cluster analysis, one subset of the ‘neighboring’ samples was clustered
with, hence similar to, ‘normal’ (Figure 3.1: Group 1). Nonetheless, majority of the
‘neighboring’ samples agglomerated into a distinct cluster (Figure 3.1: Group 2),

suggesting they were very different from normal.

As is shown by the Venn diagram (Figure 3.2), all, except one, of these DE
transcripts were also differentially expressed between the normal urothelium and
primary tumor. These results highlighted that the ‘neighboring’ tissue possessed an

essential portion of genetic changes that were exhibited by the primary tumors.
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Group 1 Group 2

Figure 3.1  Heatmap representation of the differentially expressed genes.

444 genes were differentially expressed (FDR-adjusted p < 0.05) between normal
urothelium (‘normal’) and the urothelial cells (‘neighboring’) that were near to the
tumor site. Sample classes were marked by the bar beneath the top dendrogram: dark

blue = ‘normal’, light blue = ‘neighboring’.
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Normal - Surrounding Normal - Primary
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33737

Figure 3.2  Venn diagram showing the relationship of two DE transcript lists.
‘Normal - Surrounding’ = Contrast between normal urothelium and the urothelial
tissue that was near to the tumor site (444 DE transcripts); ‘Normal - Primary’ =
Contrast between normal urothelium and the primary tumor (9410 DE transcripts).
Note that 443 out of 444 DE genes from the former contrast were also differentially
expressed in the later. 33373 transcripts were not differentially expressed either

contrasts.
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3.2 High basal CD44 level in pre-cancer cell

Prior to investigation on the involvement of CD44 during tumorigenesis, we
compared its basal expression level in the pre-cancer state (HUC-PC) and, the
normal mother cell line, HUC-1. The flow cytometry results showed that both the
normal and pre-cancer cell expressed CD44 (Figure 3.3). However, HUC-PC has a
much higher CD44 level than that of HUC-1 (Figure 3.4). This implied that pre-
cancerous HUC-PC express more CD44 antigen on its cell surface and that might

prepare the cell ready for transformation.
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Figure 3.3  Basal CD44 expression level measured by flow cytometry.

A total of 10,000 cells were analyzed. The cell distribution is shown in the blue area
in which X-axis represents the fluorescent intensity while Y-axis represents the cell
number. Left: non-stain control; Middle: fluorescent labeled HUC-1; Right:
fluorescent labeled HUC-PC.
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Figure 3.4  Basal level of CD44 expression in normal (HUC-1) and pre-

cancerous (HUC-PC) stages of uroepithelial cell surface.

The expression level of CD44 was markedly higher in HUC-PC than HUC-1. N = 3,
t16=7.647, p <0.001 (asterisks).
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3.3 Expression of CD44 during tumorigenic

transformation

To investigate the roles of the CD44 in tumorigenic transformation, we examined the
expression of pan-CD44 (all CD44 isoforms) during the process. 4-aminobiphenyl
(4-ABP) is a well known carcinogen that causes bladder cancer and was used in this
experiment to induce the tumorigenic transformation. CD44 expression levels of the
two cell lines were measured weekly during the 6 weeks of passage after 24 hrs ABP
treatment. The flow cytometry data of HUC-1 and HUC-PC is shown in Figure 3.5

and Figure 3.6 respectively.

Our results showed that the two cell lines had different responses after exposure to
ABP. For HUC-1, CD44 expression was constantly maintained at low level
throughout 6 weeks of monitoring, and ABP treatment has no significant effect on
the expression (Figure 3.7). This indicated that HUC-1 is not sensitive to the
carcinogen ABP. The response of the pre-cancer HUC-PC was entirely different.
There was a significant increase of CD44 expression at 1 week after ABP exposure
(Figure 3.8). Then, it dropped back to the control level throughout the tumorigenic
transformation process. These signified a transient induction of CD44 during the
initiation state of cancer transformation. This induction may trigger sequential
responses to promote cancer development. As mentioned on P.42 of the thesis, both

HUC-PC and HUC-1 are immortalized cell lines.
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Figure 3.5 Flow cytometry results of HUC-1 across 6-week after ABP

treatment.

HUC-1 cells were labeled with anti-CD44 antibodies. A total of 10,000 cells were
analyzed. The cell distribution is shown as the blue histogram, in which the X-axis
represents the fluorescent intensity; while the Y-axis represents cell counts. Left
column: solvent control; Right column: pre-exposed to ABP for 24 hrs. The size,
pattern and location of histograms were highly similar between ABP treated- and

control cells.
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Figure 3.6  Flow cytometry results of HUC-PC across 6-week after ABP

treatment.

HUC-PC cells were labeled with anti-CD44 antibodies. A total of 10,000 cells were
analyzed. The cell distribution is shown as the blue histogram, in which the X-axis
represents the fluorescent intensity; while the Y-axis represents cell counts. Left
column: solvent control; Right column: pre-exposed to ABP for 24 hrs. The
fluorescent signal was much stronger, i.e. increased CD44 expression on cell surface,

in cell populations at one week post- ABP exposure.
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Figure 3.7 CD44 expression remained constant in HUC-1 throughout the 6-

week of passage after ABP exposure.

The figure is expressed as the mean relative expression levels (=SEM) when
compared to the DMSO control at 0 day after exposure (N = 5 for each treatment
condition at each time point). No significant interaction between time and effect of
ABP treatment was observed (two-way ANOVA: Fsss = 1.457, p = 0.222). The
CD44 expression was not dependent on time (Fs43 = 0.757, p = 0.585) or ABP
treatment (F 43 = 0.201, p = 0.656) throughout the 6 weeks incubation. Individual #-
test, followed by FDR adjustment, was performed for each week to test the null

hypothesis / reassure that ABP treatment did not affect the CD44 expression level.
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Figure 3.8  The change of CD44 expression in HUC-1 throughout the 6-week

of passage after ABP exposure.

The figure is expressed as the mean relative expression levels (=SEM) when
compared to the DMSO control of HUC-1 at 0 day after exposure (N = 5 for each
treatment condition at each time point). Significant interaction was found between
the variables, time and ABP treatment (two-way ANOVA: Fs¢c = 3.525, p = 0.007),
1.e. the effect of ABP treatment varied across time. Individual #-test, followed by
FDR adjustment, was performed for each week to test the significance of ABP

treatment on CD44 expression. Asterisks: p <0.05.
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34 Dose response of ABP in HUC-PC

Different concentrations of ABP were used to analyze its inductive effect on CD44
expression. The previous results showed there was an induction of CD44 expression
in HUC-PC, but not HUC-1, at 7 days after 24 hr incubation of 200uM ABP. Base
on this finding, further experiment was conducted to examine possible dose effect of
ABP on CD44 expression using HUC-PC as model. Different concentrations (0, 50,
100, 200 pM) of ABP were used to induce CD44 expression. The flow cytometry
data is shown in Figure 3.9. Although no significant difference was found between 0,
50 and 100uM of ABP, there was a seemingly increasing trend of CD44 expression
with the ABP concentrations. CD44 expression increased with ABP dosage in a
partial dose-dependent manner. A threshold that resulted in prominent increase in
CD44 was found to be ~200uM of ABP (Figure 3.10). This result further confirmed

the relationship between carcinogen ABP and CD44 expression in HUC-PC.
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Figure 3.9  Flow cytometry result showed the dose response of ABP on CD44

expression in HUC-PC at one week after ABP treatment.

HUC-PC cells were labeled with anti-CD44 antibodies. A total of 10,000 cells were
analyzed. The cell distribution is shown as the blue histogram, in which the X-axis
represents the fluorescent intensity; while the Y-axis represents cell counts. Several
concentrations of ABP (0, 50, 100 and 200 uM) were used to stimulate the cell

surface CD44 expression.
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Figure 3.10 Dose-dependent effects of ABP CD44 expression measured at

week 1.

Expressions were expressed as the fluorescent intensity relative to the median
fluorescent intensity of DMSO control (0 uM ABP). N = 4 for each treatment
concentration. Treatment groups annotated with the same alphabets were not
statistically different in Tukey’s Honestly Significant Difference (HSD) test, p >
0.05. A trend of CD44 induction was observed as ABP concentration increased.
Significant induction of CD44 was only found in 200uM ABP, which is consistent

with our previous result.
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3.5 Molecular markers of bladder cancer

After transformation, two molecular markers - telomerase and survivin, were used to
access the tumorigenicity of the cell line after exposed to the carcinogen 4-ABP and

6-weeks incubation process.
3.5.1 Induced Telomerase activity

After comparing the basal level of telomerase activity, it was found that pre-cancer
cells (HUC-PC) have similar telomerase activity compared with that of the normal
stage (HUC-1) (data not shown). While after ABP induced transformation, there was
a significant induction of telomerase activity in the HUC-PC cell line but no such
change was found in the HUC-1 cells (Figure 3.11). The data suggested that
transformed HUC-PC acquire a higher telomerase activity after ABP exposure which

governs the cell with unlimited cell dividing ability.
3.5.2  Assessment of survivin mRNA expression

While previous findings suggested that anti-apoptotic ability conferred by survivin
(86) can be one of the features of neoplasia, our data supported this hypothesis to
only some extend. On one hand, it was found that survivin expression in pre-
cancerous HUC-PC was generally higher than that of the HUC-1. On the other hand,
the survivin expressions were similar between ABP-induced, transformed HUC-PC
and it DMSO control (Figure 3.12). It seemed that the ABP-induced transformation

did not invoke apoptosis inhibition via survivin.
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Figure 3.11 The relative telomerase activity of HUC-1 and HUC-PC after the

tumorigenic transformation.

Both cell lines were exposed to 200uM ABP for 24hr, followed by 6-week
incubation. Cells grew in medium containing 0.1% DMSO (solvent) were used as
control. Two-way ANOVA indicated that interaction effect was significant between
cell lines and treatments (F;4 = 13.1, p = 0.007). Separate Student’s r-test (one for
each cell line), followed by FDR adjustment, to evaluate differential treatment effect
in the two cell lines. Significant induction of telomerase activity was only
demonstrated by the ABP-treated HUC-PC, when compared to the solvent control. N
= 3 for each treatment group in each cell line; Error bar: SEM; *: p <0.05.
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Figure 3.12 The relative survivin mRNA expression of HUC-1 and HUC-PC

after the tumorigenic transformation.

Both cell lines were exposed to 200uM ABP for 24hr, followed by 6 weeks of
incubation. Cells grew in medium containing 0.1% DMSO were used as the solvent
control. No statistical significant change of survivin expression was observed after

transformation. N = 3 for each treatment group in each cell line; Error bar: SEM, *: p
<0.05.
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3.6 Phenotypic properties of the transformed cell

After 24 hr exposure to ABP and 6-week transformation, phenotypic properties in

terms of proliferation and invasion of the transformed HUC-PC were assessed.
3.6.1 Induced proliferation of transformed HUC-PC

Results from proliferation assay indicated that HUC-PC and HUC-1 had similar
basal rate of proliferation (Figure 3.13). However, they have different response
towards the carcinogen ABP. After ABP exposure, HUC-PC had an induced
proliferation rate compared to the DMSO solvent control; while that of HUC-1
remained the same. The induction of proliferation of HUC-PC may favor the

accumulation of mutation and finally led to cancer development.
3.6.2 Induced invasion of transformed HUC-PC

Invasive behavior was detected in the ABP-transformed HUC-PC but not in the
DMSO control. As is shown in Figure 3.14, there were a significantly larger number
of transformed cells that passed through the membrane; while the control cells were
blocked. The invasiveness of the transformed cells was realized by their
effectiveness in digesting and migrating through the ECM-mimic (Matrigel). This
data showed that the invasive ability of HUC-PC was induced after the ABP

exposure.
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Figure 3.13 The proliferation rate of HUC-1 and HUC-PC in term of cell

number after the tumorigenic transformation.

Both cell lines were exposed to 200uM ABP for 24hr, followed by 6 weeks of
incubation. Cells grew in medium containing 0.1% DMSO were used as solvent
control. Two-way ANOVA indicated that the statistical significant interaction (p
= .006) signified the two cell lines may respond differently towards ABP treatment.
We performed two separate Two-sample t-test (one for each cell line) to evaluate the
treatment effect. Growth induction was observed in ABP-exposed HUC-PC, when
compared with its solvent control. N = 3 for each treatment group in each cell line;

Error bar: SEM, *: p <0.05.
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Figure 3.14 Representative photos of invasion assays captured under 100X

magnification.

Invaded cells were stained purple. The number of cells invading through the
membrane was significantly higher in the ABP-treated HUC-PC cells (right) than
that of the solvent control (left). N=3.
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3.7 Expression profile of CD44 Isoforms mRNA

in transformed HUC-PC

Consistent with our result in flow cytometry, total CD44 mRNA expression level in
ABP exposed HUC-PC was higher than that of the control in Week 1 (Figure 3.15).
Around half of the total CD44 mRNA was expressed in form of CD44s; while
CD44v6 only occupied a negligible portion. Additionally, the CD44 qPCR results
demonstrated that the mRNA expression of CD44s was induced after ABP exposure,
while no significant change was observed for CD44v6. Therefore, the induction of

total CD44 was mostly contributed by the induced CD44s mRNA expression.

At the end of the transformation (Week 6), a similar pattern of the CD44s and
CD44v6 expression profile was found (Figure 3.16). However, the mRNA
expression of total CD44, as well as that of the CD44s, in the transformed HUC-PC

returned to a level similar to the control.
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Figure 3.15 Expression CD44 variants at Week 1 after ABP treatment.

The initial change of CD44 mRNA expression after ABP exposure was compared by

using RT-qPCR. Total CD44 expressions in ABP-treated HUC-PC increased

significantly. The increase of CD44 was mainly contributed by the standard form

instead of the v6 isoform. N = 3 for each isoform in each treatment group; Error bar:

SEM, *: p < 0.05.
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Figure 3.16 Expressions CD44 variants at Week 6 after ABP treatment.

The change of CD44 mRNA expression at the end of transformation was compared
by using RT-qPCR. It found that the CD44 expression level of ABP-treated HUC-
PC returned to the control level. N = 3 for each isoform in each treatment group;

Error bar: SEM, *: p <0.05.
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3.8 Expression profile of hyaluronan synthase

isoform mRNA

qPCR was used to measure the transcript levels of HAS family members in HUC-PC
at Week 1 (initiation) and Week 6 (transformed). It has been found that HAS1 and
HAS2 mRNA level were significantly lower in ABP exposed samples, when
compared with the DMSO control, while their expression levels of HAS3 were

similar to that in the initial state (Figure 3.17).

After transformation, no significant difference was found in the transcript levels of
all HAS isoforms (Figure 3.18). Although HAS2 expression was increased, a similar
response was also found in the control. Therefore, the change of HAS2 expression
was likely to be a temporal fluctuation during the 6 weeks of passages, instead of the

ABP treatment effect.
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Figure 3.17 Expression of HAS isoforms at Week 1 after ABP treatment.

Compared the initial change of mRNA expression of three HAS isoforms after ABP
exposure by using RT-qPCR. ABP-treated cells exhibited significantly lower levels
of HAS1 and HAS2. Note that the expression level of HAS1 was much lower than
the other two isoforms, regardless of treatment. N = 3 for each isoform in each

treatment group; Error bar: SEM, *: p <0.05.
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Figure 3.18 Expressions of HAS isoforms at Week 6 after ABP treatment

Compared the change of mRNA expression of three HAS isoforms after
transformation using RT-qPCR. No significant change in the expression of all three
isoforms was detected between DMSO control and ABP-treated cells. N = 3 for each

isoform in each treatment group; Error bar: SEM, *: p <0.05.
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39 HA measurement by HPLC

The quantity of HA in cell culture medium was measured using analytical HPLC
system. It was a preliminary study to find out how CD44 involved in the
transformation process. Since HA is a major ligand that bind with CD44 to trigger
the transformation properties, we tried to measure the HA concentration during the

Process.

The retention time of HA was around 7min as is shown by the spiked-in HA
standards in Figure 3.19. The concentration of HA was calculated by using the

standard curve in Figure 3.20 and the results were presented in Figure 3.21.

Overall, the amount of HA in medium incubated with ABP-treated cell was higher
than that of control cells throughout transformation, except at Week 1 As is shown,
HA secretion was reduced at one week after exposure to carcinogen but there was a

drastic increase of HA content at Week 3 until the end of transformation.

As is shown in Figure 3.22, the amount of HA was significantly increased only if the
cells were pre-stimulated with ABP. On average, there was a 3-folds increase of HA
in the culture medium of the transformed cells compared with that of the controls

cells.

93



a azo

ca
010
0.05]
0_00{ S LN“
00 50 1000 500 200 2500 3000 B0 4000 4500 5000 500

Minutes

Figure 3.19 Chromatogram of digested HA in HPLC

20ul of the purified HA standards with several concentrations were injected and

measured at 232nm. Reproducible peak eluted at around 7min was identified as the

study target (HA).
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Figure 3.20 Standard curve for the determination of Adi-nonSgya

The respective area under the identified peak in chromatograms were integrated and

plotted against the amounts of serially diluted reference standards.
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Figure 3.21 Concentration of HA in cell culture medium incubated with
HUC-PC

The amount of HA recovered in cell culture medium was quantify using HPLC. The
amount of HA recovered in cell culture media was consistently higher among ABP-

treated HUC-PC, than the DMSO control, from 3-weeks post-treatment onwards.
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Figure 3.22 Average weekly secretion of HA throughout of transformation

ABP-treated HUC-PC produced statistically larger quantity of HA than the DMSO
control counterpart. *: Student’s  test, p < 0.05. N = 4 for each treatment group.
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3.10 Stable clone generation

In order to illustrate the function of CD44, we attempted to generate a stable clone
with CD44 suppression. Transfected cells expressed GFP protein and gave green

fluorescence when illuminated. The transfection efficiency was around 60% (Figure

3.23).

However, once CD44 was suppressed, the proliferation of the transfected cells was

also inhibited (N=4). Due to this reason, there was inadequate number of cells for the

previously described functional assays.

Figure 3.23 Transfection of CD44 shRNA

HUC-PC was cultured in 6-well plate and transfected with CD44 shRNA plasmid
using transfection reagent. Transfected cells expressed GFP protein and illuminated

under excitation. Left: phase contrast view; Right: fluorescence view.
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3.11 A summary of major findings

In summary, the gene expression data from microarray study confirmed the presence
of sensitized cell which displayed a large number of differentially expressed
transcripts, when compared to that of the normal urothelial cells. The current study
focused on the cell surface marker - CD44 which was strongly expressed in the pre-
cancer cell at protein level. Upon stimulated by the carcinogen ABP, HUC-PC
showed a transient induction in the early state (initiation) of the transformation
process. This induction was found to be dose-dependent. By the use of real-time
PCR, it was found that the up-regulation of CD44 was mainly due to the contribution
of its standard isoform, CD44s. Molecular markers and different assays were applied
to gauge the cancerous properties of the transformed HUC-PC. A multitude of
evidences, including induction of proliferation and invasion, signified the success of
transformation. Molecular markers, including telomerase and survivin, also

confirmed the cancerous properties of HUC-PC.

For the pathway analysis, HA was identified as our prime target since CD44 is its
major receptor. It is synthesized by HAS and thus expressions of the three HAS
isoforms were also analyzed using real-time PCR. Interestingly, reduction of HAS
was found in the initiation state of transformation. Consistent with this result, the
amount of HA released in the culture medium was reduced at 1 week after ABP
treatment. The amount of HA was increased dramatically 3-weeks after exposure,
and there was 3 times increase in the HA content at the end of transformation.

However, the induction of HA cannot be explained by the change in HAS expression.
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Chapter 4  Discussion

4.1  Study highlights

Despite frequent recurrence is the major obstacle in bladder cancer therapy, there is
virtually no documented research in attempt to resolve the source and the process of
recurrence. In this study, we hypotheses that the tumor neighboring cells (sensitized
cells) may be the source of recurrences. However, it is unethical and aberrant to
delve into uncharacterized, presumably complex biological process by taking those
cells in patients. Therefore, an alternative model, the pre-cancerous HUC-PC cell
line, is proposed for studying the properties of sensitized cells and the involvement
of the tumor initiating marker, CD44, during the transformation process. We
envision this study serves pivotal insights to the mechanism of- and fuels further

research studies in understanding the bladder cancer recurrence.

4.2 Different proposed mechanisms of bladder

cancer recurrences

Different mechanisms have been proposed for the high recurrence rate of bladder
cancer: (1) new tumor formation, (2) tumor cell re-implantation, and (3) incomplete

resection of primary tumor.
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As described in Chapter 1.4.3, recurrences due to new tumor formation are unlikely
since bladder cancer almost always recurs within a few months. Tumorigenesis
usually stems from accumulating mutations, which ultimately reprograms a cell to
undergo uncontrolled cell division. It is unrealistic to develop a new tumor from
ground-up that rapidly in patients who are undergoing intensive medical care and
well isolated from mutagens. On the other hand, tumors usually recur at the same
position where it was originally located. It is preposterous that tumor cells re-
implantation, which is a random process, can seed tumor cells with such a high

precision.

On the contrary, we believe that incomplete initial surgery may be the prime reason
for significant number of bladder cancer recurrences. The latest review of bladder
cancer management also criticized that “the procedure for oncological clearance
TUR 1s undoubtedly imperfect” (146). In fact, bladder cancer development is a
process of accumulation of genetic changes, thus, different regions of the urothelium
may have different degrees of mutation - the so called “field defect theory”. Based
on this theory, we hypothesize that the cells that are adjacent to the primary tumor
are actually ‘sensitized”, i.e. they accumulated certain level of mutations that is just
below the threshold (criticality) of conferring malignance. These mutated cells may

morphologically resemble normal cells and thus are not removed during TUR.

Recently, DNA microarray technique has been applied for studying cancer
recurrences. A prostate cancer study compared gene-expression profile of 98 prostate
tumors to 52 benign adjacent prostate tissue samples and found that 28 transcripts

significantly associated with recurrences after radical prostatectomy (147). Similar
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approach was applied in this study, in which we compared the gene-expression
profiles of 10 normal urothelium with that of 58 urothelial tissues near to the tumor
site (‘tumor neighboring”) that were morphologically normal. Surprisingly, tumor
neighboring tissues were very different from normal urothelium, i.e. ‘abnormal’,
showing over 400 DE transcripts. In addition, all these DE transcripts were
constitutional part of the primary tumor’s transcriptome. These manifested the
urothelial tissues adjacent to tumor site were not only mutated but also bore
resemblance of the tumor. This finding provides direct evidence to support the field
defect theory and the existence of sensitized cells, i.e. the tumors were originated
from cells having the same genotype (mutations) of the neighboring tissue
(sensitized cells) but collected additional genetic changes that triggered malignancy.
Under our hypothesis, these neighboring tissues (sensitized cells) might also receive
additional mutations (just as the primary tumors did) and fueled future tumor
formations — the recurrence. The proposed pathway of bladder cancer recurrence is

shown below.

100



Normal cell

y

High/ chronic exposure to carcinogen

Geneticinstability mutant phenotype

v

Natural selection of the cell
with growth advantage
,l' Apoptosisresistant

Pre-cancerous cell

.

Clonal expansionto form a field

Further genetic mutation

v v

Malignanttumor Recurrence tumor

Figure4.1  Proposed pathway for malignant and recurrence tumor

formation

101



4.3 Studying bladder cancer recurrence: the

challenge and our solution

The process that a normal urothelial cell transforms into a malignant cell is complex
and likely to involve interaction of a spectrum of genes, proteins and other bio-
molecules. Unraveling this process will, with no doubt, advance our understanding
of tumorigenesis and facilitate the development of effective means to cure bladder

cancer and prevent recurrence.

As a routine, cancer research usually starts with data obtained from clinical
observations. The observations often lead to hypotheses about the abstract
tumorigenic process (e.g. aberrant cellular signaling, chromosomal abnormalities,
etc). Yet, testing these hypotheses in human subjects are often hindered by the
limited sample size and, more importantly, undeniably unethical. Hence, the most
popular, and arguably the most suitable, model deployed in this research aspect is
cancer cell lines. Only with solid data collected from cell lines and supplemented
with validations using mammalian models, clinical trials on human subjects can then

be arranged for confirmation.

With the gene expression profiles of clinical samples examined, we hypothesized the
transformation of sensitized cell to malignant cell is the major source of bladder
cancer recurrence. Our next logical move is to investigate the details of this
transformation process. A simple in vitro transformation model, HUC-PC, was
applied in this study. HUC-PC is a well establish model for studying tumorigenic
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transformation. In 1992, Bookland et al. first demonstrated reproducible
transformation of this model by a chemical carcinogen, 4-aminobiphenyl. For
detailed information of this model, please refer to Chapter 2.2.2 on Page 42. The
only difference between them is that HUC-PC received more passages and expanded
procedure that induced higher level of chromosomal instability. It makes HUC-PC
more sensitive to the carcinogen. In other words, HUC-PC seems to have lower
ability to restore the normal functions of cell such as the regulation of CD44

expression in our case.

HUC-PC can be a relevant model to represent the sensitized cell in the bladder lining
as they share a certain degree of similarity. First of all, they are both
morphologically normal but genetically unstable. Also, once stimulated (minor
additional mutations), they have a high tendency to transform in a short period of
time. Therefore, this cell line may provide a valuable tool for studying the molecular
events during transformation process from pre-cancerous to tumorigenic state.
However, it has to be emphasized that HUC-PC, as an immortalized cell line, does
not truly represent the sensitized cells in human bladder. Nonetheless, it is the best
alternative available at this moment for studying mechanism of tumor transformation

and cancer recurrence.
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44  Contrast between the properties of HUC-PC

before and after ABP exposure

44.1 Characteristic of pre-cancerous HUC-PC

The pre-cancerous HUC-PC seemingly acquired certain characteristics that allowed
the cell to transform. Previous study has already shown that HUC-PC is sensitive to
the carcinogen ABP and, once stimulated, will slowly transform to cancer cells;
while its mother cell line HUC-1 is not sensitive at all (139). In this study, we

investigated the different between HUC-1 and HUC-PC at the molecular level.

A higher survivin mRNA level was found in HUC-PC compared with HUC-1, which
implicates that the pre-cancer cell acquired anti-apoptosis ability. This property may
allow the cell to accumulate mutations without triggering programmed cell death. A
colon cancer study indicated that 50% of the survivin-positive tumors with normal
appearing mucosa also expressed this gene (148). It was suggested that survivin
expression may represent a pre-cancerous stage and allow for identifying risk of
neoplastic transformation. Another study conducted using urine exfoliated cells of
bladder cancer patients followed up for 15 months after operation (144) found that
bladder cancer patients had a higher survivin mRNA level than that of healthy
individuals. Furthermore, after operation, the survivin level of patients dropped to
the control level while the recurrence patients still showed a higher survivin
expression. We proposed that survivin can be an indicator for recurrences and the

higher survivin expression level may due to the presence of sensitized cell.
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44.2 Characteristic of transformed HUC-PC

In our studies, a wide range of functional assays was applied to determine the
phenotypic characteristics of the pre- and post- transformed HUC-PC. By comparing
the differences between HUC-PC and its DMSO control after 24-hrs ABP exposure
and 6-week incubation, it was found that the transformed HUC-PC displayed a
higher tumor-like aggressiveness in which its invasive ability and proliferative
power was enhanced. After 6 weeks of incubation, HUC-PC showed a higher
proliferative power compared with its control. This uncontrolled cell growth is one

of the key characteristics of tumor and maybe the major cause of recurrence.

In order to assess the tumorigenicity of the cells after ABP-induced transformation,
bladder cancer markers telomerase and survivin were gauged. Induction of
telomerase activity permits unlimited growth of the cell, which confers one of the
most critical properties of cancer cell. As is shown, telomerase activity in the
transformed HUC-PC was elevated, that may also contribute to the induced cell
proliferation. Our data suggested that carcinogen ABP induces telomerase activity
which then stimulates the cell proliferation. Also, bladder tumors with high
telomerase activity were accompanied with high grade and advanced stage (82) and

thus the level of telomerase activity may reflect the malignant potential of the tumor.

As an inhibitor of apoptosis, survivin has been suggested to be a prognostic marker
of bladder cancer. We demonstrated a higher survivin mRNA expression level in
pre-cancerous HUC-PC than HUC-1. However, its expression in transformed HUC-

PC was similar to its DMSO control. These findings suggest that anti-apoptosis
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ability is already acquired in the pre-cancerous state but this property may favor the

further accumulation of mutations during the transformation.

4.5 Functional role of CD44 in cancer

development

45.1 CD44 participates in tumorigenesis

CD44 is a transmembrane glycoprotein that acts as a receptor for the ligands
hyaluronic acid, osteopontin, collagens, and matrix metalloproteinases (MMPs) for
controlling the cell properties such as proliferation and migration. In tumorigenesis,
CD44 binds to its ligands and triggers a cascade of signals leading to activation of
various genes related to inflammation, cell proliferation and migration as well as
anti-apoptosis. It is also claimed as a tumor initiating marker in various cancers
including bladder cancer (99, 126). Therefore, CD44 was chosen as our starting

point for investigating the transformation process.

In the current study, HUC-PC displayed a higher cell surface CD44 expression that
may contribute to its higher malignant potential (sensitized). Consistent with this,
many studies have already indicated that CD44 participates in tumor initiation and
progression. A bladder cancer research conducted by Sugino et al showed that the
amount of CD44 are increased in the epithelial cells composing of malignant tumors
(149). The higher CD44 expression in the pre-cancerous HUC-PC may be the sign of

having the self-renewal property which enhance its survivability after exposure to
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carcinogen. A study on colon cancer demonstrated that cells with high CD44
expression exhibited an up-regulation in stem cell-related genes, Oct4, Sox2, Nanog
and c-Myc, which are essential for stem cell pluripotency and self-renewal (101).
The high level of CD44 expression can be explained by its binding with the insulin-
like growth factor II mRNA-binding protein 3 (IMP3), which in turn stabilized the
CD44 mRNA (150). Besides, the promoter region of CD44 has an EGR-1-binding
motif and suggested that early growth response protein-1 (EGR-1) can up-regulate

the CD44 expression in the presence of the proinflammatory cytokine IL-1 (151).

45.2 Expression of CD44 depends on cancer

developmental stage

Some findings, however, have demonstrated that expression of CD44 reduces in high
grade bladder cancer (130-132). Our data also indicated that the induction of CD44
in the first week after ABP exposures was transient, yet this temporary induction is
adequate to transform the cell into cancerous. It raises the possibility that CD44 has

multiple roles during the cancer development process.

In the initiation stage, high expression of CD44, as a signaling trigger for cell
proliferation and differentiation, may permit and prepare the cells to grow and
transform. Lots of studies support CD44 can induce cell proliferation responses via
different mechanisms (152-156) and one of these is the reduction of the binding
between CD44 and its ligand - HA (155, 157). Some contradictory findings, however,

suggest negative regulation of cell proliferation by CD44 (158). To further
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investigate the possible roles of CD44 during the transformation process, we
generated a stable clone of CD44-shRNA transfected HUC-PC. The CD44
knockdown severely hampered the ability of HUC-PC to proliferate in vitro and thus
making it difficult to generate adequately sized population of cells for experiments.
Nevertheless, the observed suppression well proved the relationship between CD44
and cell proliferation. The proliferation ability of HUC-PC was suggested to be

reduced after transfection of CD44 shRNA.

In the later stage, loss of CD44, as a cell adhesion molecule, may facilitate the
cancer cells to break-free from cell-cell adhesion and metastasize. The cleavage of
extracellular domain of CD44 is triggered by activation signal, such as Ca*" influx,
PKC activation Rho family of small GTPases and Ras oncoprotein (159, 160). The
ectodomain cleavage is mediated by different membrane-associated MMPs (161-163)
such as MTI1-MMP, ADAMI0, and ADAMI17 as well as ECM component
chondroitin sulfate E (164). Inhibition of the cleavage of CD44 was shown to
suppress the cell migration rate (164). These tightly controlled actions then regulate
the turnover of cell adhesion and migration process in a CD44-dependent manner.
Besides, the ectodomain cleavage will also trigger the intramembrane cleavage of
CD44 mediated by presenilin-dependent y-secretase (165, 166). In fact, several cell
surface receptors, including EGF receptor proteins, FGF receptor and insulin
receptor are known to migrate to the nucleus and act as transcription factors (167-
170). Similarly, the released intracellular domain of CD44 in cytoplasm can act as a

signal transduction molecule which translocates to nucleus and activates the
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transcription of various genes including CD44 itself (171). This self-initiating

mechanism allow rapid turnover of CD44 and thus promote cell migration (171).

4.6 Contribution of CD44 variants during

transformation process

It is now generally recognized that CD44 and, in particular, its splice variants have
major contributions in cancer development. Lots of studies have investigated the
possibility for using CD44 or its variants as prognostic and diagnostic markers (123,
127, 128, 172). Recently, Yang et al proposed CD44 is a tumor initiating marker
(126), and thus, has a high potential to be applied in predicting the risk of tumor
recurrence or progression in bladder cancer patient. Our findings also support the

contribution of CD44 in cancerous transformation.

It is worthwhile to note that the involvement of CD44 in transformation process is
historically controversial, for instance, opposite findings indicated that focal loss of
CD44v3 and v6 immuno-staining is correlated with short recurrence-free interval in
superficial TCC (173). This enigma is now explained by the differential expression
of CD44 variants (125). Theoretically, there are more than 800 CD44 variants that
can be generated by alternative splicing the 9 introns in CD44 pre-mRNA. However,
only 6 of them were identified and curated in NCBI RefSeq. It is theorized that each

of these splice variants has its specific role in cancer development. In breast cancer,
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CD44v6 is the most abundant variant (174, 175); for gastric cancer, expression of
CD44v9 correlated to the pathological stage of the cancer (137); for bladder cancer,
CD44s and CD44v6 are associated with malignant features and cancer prognosis
(176, 177). Physically, CD44s is shorter than CD44v6 (isoforms containing exon 11)
due to the alternative splicing. The difference in length may affect the binding
between CD44 receptor to its ligands which in turn trigger different downstream
pathways that controlling the cell behavior. However, until now, the specific
function of these 6 common variants remains unknown, and thus is still one of the
major areas in CD44 research. In our study, the contributions of different variants
including the standard form and v6 were analyzed by real-time PCR. We
demonstrated that only a very low amount of CD44v6 was expressed in the
sensitized HUC-PC at the initiation state, and the induction of CD44 is mainly due to
the CD44s expression. Thus, we envision that the expression of CD44s and CD44v6
is associated with different malignant features. A study supports this view as it
shows that strong expression of CD44s was related to unfavorable outcome, while,
opposing, strong expression of CD44v6 was related to high survival probability in
bladder cancer patients (176). The functional roles of CD44s are of great interest for

studying the transformation process.
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4.7 Possible pathways involved in ABP-induced

transformation

The pathways that CD44 is involved during cancerous transformation are of great
interest for uncovering the cancer development. In this study, one of its ligands, HA,
was investigated. According to the result of functional assays, transformed HUC-PC
showed an induction of proliferation and invasion, which are regulated by the
extracellular matrix (ECM) and cell-cell interactions. It is proposed that the
induction of CD44 during tumorigenic transformation may be one of the important
mediators that facilitate the binding with HA and thus trigger tumor development.
On the other hand, recent studies showed that transcript levels of the HA synthases
(1, 2, 3) were 4- to 16-fold higher in bladder cancer tissues than that of normal
tissues (P <.0001) (178). Also, wealth of data support HAS control cell behavior by
modulating the synthesis of HA (95, 96). Therefore, in this study, the quantity of all
three types of hyaluronan synthase was measured by real-time PCR and the amount
of HA was quantified by HPLC. As is shown, CD44 expression was induced at both
mRNA and protein levels in the initial state of tumorigenesis. On the other hand, HA
expression and the HAS (1 and 2) were reduced at the same time point. It is
proposed that induction of CD44 expression is prerequisite to transformation. The
closely followed induction of HA released in the medium binds with CD44 and
further activates the transformation process. At the end of transformation, there was
a 3-fold increase of HA released in the medium of transformed samples, excess

amount of free HA in medium results in weakening cell anchorage to the
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extracellular matrix and facilitating cell migration and division (179). Unexpectedly,
the higher HA level could not be explained by any change in the mRNA expression
of HA synthases, which synthesize HA de novo. This interesting finding indicated
that the increase of HA in cell culture medium may due to 1) the release from/
reduce binding by CD44, or 2) modulation of its degradation instead of new HA

synthesis (180).

Our results demonstrated that induced expression of CD44 in HUC-PC might
associate with the elevated levels of HA. This positive correlation between CD44
and HA reinforced the hypothesis that development of cancer is triggered by the
binding between CD44 and HA as one of mechanisms. Lots of studies indicated that
treatment with HA enhanced the proliferation, invasion and migration of cell but the
effect was abrogated by the suppression of CD44 (157, 181). However, the
mechanism by which HAS, HA and CD44 affect the transformation is still poorly
understood. One of the CD44-HA signaling pathways was described in an in vitro
study of bladder cancer cell line T-24 (117), which demonstrated that interaction of
CD44 and HA fragments lead to activation of Ras, PKC{ IKK complex and finally
up-regulate NF-kB expression - a master activator of inflammatory responses. The
triggered inflammation can stimulate the tumor cell growth and development (118).
Also, CD44-HA interaction favor the phosphorylation of an Na'/H™ exchanger
which helps ECM degradation and invasion by providing an acidic environment with
activation of HYAL2 and cathepsin (182). Pericellular HA may also provide a
mechanical scaffold that traps growth factors and preinflammatory mediators to

facilitate their interaction with the nearby cell surface receptor and finally enhancing
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cell proliferation (179, 183). Taken together, these pathways may help to explain the
induction of cell proliferation and invasion after transformation. However, the
signaling cascades are cell-, stimulus- and environment- dependent. It would be of
interest to test whether the downstream pathways were also involved in the
transformation of sensitized cells. For example erbB2 (111, 114), Ras (117) and
Racl (184) are shown to be the downstream effectors of CD44 signaling.
Measurement of the expression of these effectors may help to identify certain

pathways that are related to recurrences.
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4.8 Clinical significance of CD44

With the establishment of the probably vital roles of CD44 in bladder cancer
development and recurrence, we propose CD44 as a candidate surrogate endpoint for

both detection and targeted therapy.
Prognosis

In this study, we demonstrated the pre-cancerous HUC-PC expressed higher level of
CD44 than its normal control, HUC-1. The expression level was further elevated at
the onset of tumorigenesis. These signified abnormal/induced CD44 expression in
urothelial cells is tied to tumorigenesis, and thus can be a potential marker for

bladder cancer development and recurrence.

Applicability of CD44 as prognostic and monitoring marker is further realized by the
fact that urine carries small quantity of exfoliated urothelial cells. Despite the
amount of cells collected through urinary discharge is not adequate for pilot
research-use, but it is generally sufficient for prognosis based on sensitive detection
of specific macromolecules, e.g. (QPCR, flow cytometry, etc). We contemplate
detection of CD44 over-expression in urinary samples can be a highly economical,
technically undemanding and non-invasive for bladder cancer detection and

monitoring.
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Treatment

High CD44 expression was found in the pre-cancerous HUC-PC but absent in
normal superficial cells in human. Thus, this cell surface receptor can be a sensitized
cell-specific marker for drug targeting and internalization. Recent studies have
demonstrated that paclitaxel-hyaluronan bio-conjugate exerts its cytotoxic effect
through the binding with CD44 on the bladder cancer cells (185, 186). This specific
interaction of bio-conjugate with bladder tumors not only facilitates the drug
delivery but also reduces toxicity towards the normal epithelium (186). These
warrants further testing of CD44 as a viable, specific target for bladder cancer

treatment.

Prevention

Suppression of CD44 expression may help to reduce cancer recurrences. Induction
of CD44 was found in the initiation state of transformation, and suggested that CD44
may trigger the transformation progress by promoting cell proliferation and triggered
signaling cascade that causes long-lasting, if not permanent, modification of the cell
behavior. Our stable CD44-knockdown clone also clearly marked the crucial role of
CD44 in cell proliferation. Hence, suppressing CD44 mRNA expression or directly
blocking the CD44 receptor on cell surface from ligand-binding, i.e. inactivation,
may serve as an effective mean to restrain the proliferation of cancer/sensitized cells.
However, CD44 may not be the only factor that controls the transformation process,

the effectiveness of this treatment needs to be carefully validated.

115



4.9 Limitations and further study

It should be stressed again that the proposed relationship between CD44 and tumor
initiation was established by the use of a cell line, HUC-PC, which may not
completely reflect the biological process in vivo. However, the result obtain provide
us an insight to study the epithelial cell with high CD44 expression from the bladder
cancer patient. With the establishment herein, the use of primary cultures derived
from bladder cancer patients are sufficiently justified to provide physiologically

relevant confirmation of the involvement of CD44 during transformation.

Clinically, non-invasive measurements, such as collection of exfoliated urothelial
cells in urine, can be used to monitor probable coincidence of recurrence and

alterations of CD44 expression in patients.

In parallel, studies were warranted to illustrate the mechanism for the induction of
CD44 for driving the tumorigenic process. Revealing the downstream pathways of

CD44 in tumorigenesis might benefit the prognosis and treatment of bladder cancer.
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Chapter 5  Conclusions

The present study suggests the existence of sensitized cell may be the cause of high
recurrence rate in bladder cancer. Microarray data pointed out the tumor neighboring
cells were genetically different from the normal population and suggests that tumor
neighboring tissue may have acquired certain degree of genetic changes that are not
sufficient to confer malignancy, but predispose (sensitized) the cells to

transformation.

The tumorigenic transformation process was visited in attempt to determine suitable
markers for cancer/recurrence detection and develop effective treatments for patient.
A well-established in vitro transformation model, HUC-PC, was employed to model
how sensitized cell transform into cancerous. The changes of CD44 expression and
the levels of its ligand, HA, during transformation were studied in details. CD44 was
induced during tumor initiation; while induction of HA soon followed. In spite of the
presumed importance of CD44 variants in tumorigenesis, CD44s, rather than
CD44v6, was modulated during the tumor initiation process. The interaction
between CD44 and HA may activate several proposed pathways that lead to cancer
development. With all the establishments made by this pilot study, further
investigation of specific roles of CD44 and discovering any associated intermediate
pathways/molecules involved in triggering bladder tumor recurrence is strong

yearned for.
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Appendices

Appendix I: Chemical, materials and reagents

1.1 Cell culture materials and reagents
Cryotubes Nunc™,

DMEM

DMSO (Tissue culture grade)

FBS, Certified

PBS (Calcium- and Magnesium-free)
0.25% (w/v) Trypsin/EDTA

0.4% (w/v) Trypan blue solution

1.2 Molecular biological materials and reagents

Acrylamide

Anti-CD44 antibodies (clone J.173)
Bio-Rad Protein Assay

BluePrint RT reagent kit

BSA

CD44-specific short hairpin RNA constructs
CellTiter® 96 AQueous One Solution Cell
Proliferation Assay

Chondroitinase ABC

DNase

DNase-/RNase- free distilled water
Ethanol

FuGENE HD Transfection Reagent
Hot-star Taq polymerase

Hyaluronic acid

Thermo Fisher Scientific
Sigma-Aldrich

ditto

Gibco®, Invitrogen
Sigma-Aldrich

ditto

ditto

Sigma-Aldrich
Beckman Coulter
Bio-Rad Laboratories
TaKaRa
Sigma-Aldrich
Origene

Promega

Sigma-Aldrich
Promega
Gibco
Sigma-Aldrich
Promega

ditto
Sigma-Aldrich
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Kanamycin

LB agar

LB broth

Matrigel

Opti-MEM 1
Orthophosphoric acid
Primers

Papain enzyme

Propan-1-ol

Protease inhibitor cocktail
PureYield TM Plasmid minprep system
Puromycin

RNeasy mini kit

ROX reference dye

SDS

Streptomyces hyalurinidase
SYBR Green I dye

SYBR® Premix Ex TaqTM Il
Toluidine Blue

Tris (Tris(hydroxymethyl)aminomethane)
Tween-20

[-mercaptoethanol

1.3 Equipment

ABI PRISM 7500 System

Partisil SAX 5u (250x4.6-mm inner diameter)

column

Beckman Coulter Cytomics™ FC500 Flow

Cytometry Systems

Benchmark Plus™ Microplate Reader

ditto

ditto

ditto

BD Biosciences
Invitrogen

BDH Chemicals Ltd.
Invitrogen

Merck

Duksan
Sigma-Aldrich
Promega
InvivoGen
QIAGEN
Invitrogen
Sigma-Aldrich

ditto

Applied Biosystems
TaKaRa

BDH Chemicals Ltd.
USB Corporation
Sigma-Aldrich

ditto

Applied Biosystems

Alltech Associate, Inc.

Beckman Coulter, Inc.

Bio-Rad Laboratories
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GeneAmp PCR System 9700 Applied Biosystems

Leica DMI4000 B phase-contrast microscope Leica Microsystems
NanoDrop® ND-1000 spectrophotometer Thermo Fisher Scientific Inc.
DNA Speed Vac (DNA110) Savant

Waters 2695 HPLC system Waters

1.4 Recipes of reagent and buffers

For RTQ-TRAP

1 x CHAPS lysis buffer
10 mM Tris-HCL pH 7.5, 1 mM MgCl,, 1 mM EGTA, pH 8.0, 0.5% (v/v) CHAPS,
10% glycerol, (Add before use 0.1mM PMSF, 5 mM [-mercaptoethanol)

10 x TRAP buffer
200 mM Tris-HCI, pH 8.3, 630 mM KCl, 35 mM MgCl,, 10 mM EGTA, pH 8.0, 1
mg/ml BSA, 0.05% Tween 20

For HPLC

5% cetylpyridinium chloride in acetate buffer (CPC)
5% cetylpyridinium chloride dissolved in 0.025M sodium acetate buffer (pH 5.8)

Papain buffer (2X)
0.2M sodium dihydrogen phosphate, pH6.4, 0.01M disodium EDTA, 0.01M cysteine
hydrochloride, 0.3M sodium chloride

Papain suspension

Papain enzyme (10mg/ml) suspended in papain buffer (1X)

Streptomyces hyalurinidase enzyme
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Streptomyces hyalurinidase dissolved in 0.02M sodium acetate/ acetic acid buffer at
pH 6
Streptomyces hyalurinidase buffer

0.02M sodium acetate/ acetic acid buffer at pH 6, 0.15M sodium chloride

Chondroitinase-ABC enzyme

Chondroitinase-ABC dissolved in distilled water (10 units/ml)

Chondroitinase-ABC buffer
10mM disodium hydrogen phosphate/ sodium dihydrogen phosphate, pH 7

HPLC running buffer

5mM sodium dihydrogen orthophpsphate/orthophosphoric acid (pH 2.55)
50mM sodium dihydrogen orthophosphate/ orthophosphoric acid (pH 2.5)
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Appendix II: Primer efficiency of real-time PCR primers

A) The standard curves of RT-qPCR primers

CD44 total CDA44 standard CD44 v6
-3’.0 25 -;;1 D(Q-l1y)5 -1.0 -0.5 -3’.0 =25 -;;)1 o(Q—:y)S -1.0 -0.5 -3’.0 -25 -;;1 0(0-‘1”5 -1.0 -0.5
HAS1
w© HAS2 HAS3
o 2 -Z'L(z;g(Qt;is o s 30 25 20 15 10 05 n‘:3'.0 25 20 15 -10 05
log10(Qty) Log(Qty)
- Survivin TBP
%0 25 -kz:;w(o-t;f 10 05 e Pa—— tﬁg - ;)5 o s
B) Primer efficiency for RT-qPCR
Slope Efficiency
CD44 total -3.257 1.028
CD44 standard -3.382 0.976
CD44v6 -3.128 1.088
Survivin -3.329 0.997
HAS1 -3.300 1.009
HAS2 -3.365 0.982
HAS3 -3.319 1.001
TBP -3.464 0.944

PCR efficiency = ((10"-1/slope)-1)100%
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Appendix III: DE gene list report

328 out of 444 genes were labelled by DAVID IDs

ENTREZ_ Name
GENE_ID
79843 family with sequence similarity 124B
solute carrier family 7 (cationic amino acid transporter, y+ system),
57709
member 14
10562 olfactomedin 4
50632 calcyon neuron-specific vesicular protein
253559 cell adhesion molecule 2
9863 memt?rgne associated guanylate kinase, WW and PDZ domain
containing 2
6622 synuclein, alpha (non A4 component of amyloid precursor)
26289 adenylate kinase 5
1363 carboxypeptidase E
2823 glycoprotein M6A
80975 transmembrane protease, serine 5
79750 zinc finger protein 385D
2583 beta-1,4-N-acetyl-galactosaminyl transferase 1
6368 chemokine (C-C motif) ligand 23
9745 zinc finger protein 536
347 apolipoprotein D
5729 prostaglandin D2 receptor (DP)
2596 growth associated protein 43
9318 COP?9 constitutive photomorphogenic homolog subunit 2 (Arabidopsis)
10391 coronin, actin binding protein, 2B
399947 chromosome 11 open reading frame 87
8745 ADAM metallopeptidase domain 23
9378 neurexin 1
23345 spectrin repeat containing, nuclear envelope 1
2769 guanine nucleotide binding protein (G protein), alpha 15 (Gq class)
1496 catenin (cadherin-associated protein), alpha 2
286077 family with sequence similarity 83, member H
5126 proprotein convertase subtilisin/kexin type 2
5101 protocadherin 9
25789 transmembrane protein 59-like
133584 EGF-like, fibronectin type III and laminin G domains
642969 phosphoglycerate mutase 1 pseudogene
645001 similar to heterogeneous nuclear ribonucleoprotein Al
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22795
9079
4915
7857
5649
10699
10218
30061
56246
55228

647436

4983
55843
8321
4223
5179

388007

6900
6616
1776
57509
23118

123041

641654
2560
3897
644366
7356
116173
115827
6425
482
1136
8929
4978

730107

114815
10752

nidogen 2 (osteonidogen)

LIM domain binding 2

neurotrophic tyrosine kinase, receptor, type 2

secretogranin I (chromogranin C)

reelin

corin, serine peptidase

angiopoietin-like 7

solute carrier family 40 (iron-regulated transporter), member 1
melanocortin 2 receptor accessory protein

PNMA-like 1

ribosomal protein L5 pseudogene 34; ribosomal protein L5 pseudogene
1; ribosomal protein L5

oligophrenin 1

Rho GTPase activating protein 15

frizzled homolog 1 (Drosophila)

mesenchyme homeobox 2

proenkephalin

serpin peptidase inhibitor, clade A (alpha-1 antiproteinase, antitrypsin),
member 13 (pseudogene)

contactin 2 (axonal)

synaptosomal-associated protein, 25kDa

deoxyribonuclease I-like 3

mitochondrial tumor suppressor 1

mitogen-activated protein kinase kinase kinase 7 interacting protein 2

solute carrier family 24 (sodium/potassium/calcium exchanger),
member 4

hepatocyte cell adhesion molecule; HEPACAM opposite strand 1
gamma-aminobutyric acid (GABA) A receptor, beta 1

L1 cell adhesion molecule

hypothetical LOC644366

secretoglobin, family 1A, member 1 (uteroglobin)

CKLF-like MARVEL transmembrane domain containing 5

RAB3C, member RAS oncogene family

secreted frizzled-related protein 5

ATPase, Nat/K+ transporting, beta 2 polypeptide

cholinergic receptor, nicotinic, alpha 3

paired-like homeobox 2b

opioid binding protein/cell adhesion molecule-like

similar to Glycine cleavage system H protein, mitochondrial precursor;
glycine cleavage system protein H (aminomethyl carrier); similar to
Glycine cleavage system H protein, mitochondrial

sortilin-related VPS10 domain containing receptor 1

cell adhesion molecule with homology to LICAM (close homolog of
L1)
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55620
1446
1999
1910
27233
1969
54039
216
3038
286297
91074
645832
55553
286753
399694
9211
443
2151

117248

7482
163175
2250
23037
2785
3856
83872
5010
79614
55102
4023
8190
222865
7096
51705
113612
5354
153642
642938
2810
11126
5017

signal transducing adaptor family member 2
casein alpha s1

E74-like factor 3 (ets domain transcription factor, epithelial-specific )

endothelin receptor type B

sulfotransferase family, cytosolic, 1C, member 4

EPH receptor A2

poly(rC) binding protein 3

aldehyde dehydrogenase 1 family, member A1l
hyaluronan synthase 3

hypothetical protein LOC286297

ankyrin repeat domain 30A

SEBOX homeobox

SRY (sex determining region Y)-box 6

tumor suppressor candidate 5

SHC (Src homology 2 domain containing) family, member 4
leucine-rich, glioma inactivated 1

aspartoacylase (Canavan disease)

coagulation factor II (thrombin) receptor-like 2
UDP-N-acetyl-alpha-D-galactosamine:polypeptide
N-acetylgalactosaminyltransferase-like 2

wingless-type MMTYV integration site family, member 2B
leucine-rich repeat LGI family, member 4

fibroblast growth factor 5

PDZ domain containing 2

guanine nucleotide binding protein (G protein), gamma 3
keratin 8 pseudogene 9; similar to keratin 8; keratin 8
hemicentin 1

claudin 11

chromosome 5 open reading frame 23

ATQG?2 autophagy related 2 homolog B (S. cerevisiae)
lipoprotein lipase

melanoma inhibitory activity

transmembrane protein 130

toll-like receptor 1

endomucin

cytochrome P450, family 2, subfamily U, polypeptide 1
proteolipid protein 1

arylsulfatase family, member K

chromosome 10 open reading frame 141

stratifin

CD160 molecule

ovo-like 1(Drosophila)
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3880
78986
57088
1268
167465
51327
2202
59345
29114

1996

10439
387856
4804

5730

7432
5806

80031

6286
23683
2676
284801
114786
56127
5364
9514
26045
1745

125

23284
10490

23768
1271
6860
5348
4504
51617
5798
89795

keratin 19

dual specificity phosphatase 26 (putative)

phospholipid scramblase 4

cannabinoid receptor 1 (brain)

zinc finger protein 366

erythroid associated factor

EGF-containing fibulin-like extracellular matrix protein 1

guanine nucleotide binding protein (G protein), beta polypeptide 4
transgelin 3

ELAV (embryonic lethal, abnormal vision, Drosophila)-like 4 (Hu
antigen D)

olfactomedin 1

chromosome 12 open reading frame 68

nerve growth factor receptor (TNFR superfamily, member 16)
prostaglandin D2 synthase, hematopoietic; prostaglandin D2 synthase
21kDa (brain)

vasoactive intestinal peptide

pentraxin-related gene, rapidly induced by IL-1 beta

sema domain, transmembrane domain (TM), and cytoplasmic domain,
(semaphorin) 6D

S100 calcium binding protein P

protein kinase D3

GDNF family receptor alpha 3

hypothetical protein LOC284801; hypothetical LOC649159

XK, Kell blood group complex subunit-related family, member 4
protocadherin beta 10; protocadherin beta 9

plexin B1

galactose-3-O-sulfotransferase 1

leucine rich repeat transmembrane neuronal 2

distal-less homeobox 1

alcohol dehydrogenase 1B (class I), beta polypeptide; alcohol
dehydrogenase 1A (class I), alpha polypeptide;

alcohol dehydrogenase 1C (class I), gamma polypeptide

latrophilin 3

vesicle transport through interaction with t-SNAREs homolog 1B

(yeast)
fibronectin leucine rich transmembrane protein 2

ciliary neurotrophic factor receptor

synaptotagmin [V

FXYD domain containing ion transport regulator 1
metallothionein 3

HMP19 protein

protein tyrosine phosphatase, receptor type, N
neuron navigator 3; similar to neuron navigator 3

126



7430
9324
54360
283682
84631
28513
1435
5577
283420
83959
5803
84820
85444
10216
57111
10107
26050
10402

5104

80864
1901
641700
4858
7373
11075
9506
596
534
5027
5193
351
8522
10516
5346
6358
9452
442064
64641
6663
256130
50509

hypothetical protein LOC100129652; ezrin

high mobility group nucleosomal binding domain 3

cytokine-like 1

hypothetical protein LOC283682

similar to CXorf2 protein; SLIT and NTRK-like family, member 2
cadherin 19, type 2

colony stimulating factor 1 (macrophage)

protein kinase, cAMP-dependent, regulatory, type II, beta

C-type lectin domain family 9, member A

solute carrier family 4, sodium borate transporter, member 11
protein tyrosine phosphatase, receptor-type, Z polypeptide 1
polymerase (RNA) II (DNA directed) polypeptide J4, pseudogene
leucine rich repeat and coiled-coil domain containing 1
proteoglycan 4

RAB25, member RAS oncogene family

tripartite motif-containing 10

SLIT and NTRK-like family, member 5

ST3 beta-galactoside alpha-2,3-sialyltransferase 6

serpin peptidase inhibitor, clade A (alpha-1 antiproteinase, antitrypsin),

member 5

EGF-like-domain, multiple 8

sphingosine-1-phosphate receptor 1

endothelial cell-specific chemotaxis regulator
neuro-oncological ventral antigen 2

collagen, type XIV, alpha 1

stathmin-like 2

P antigen family, member 4 (prostate associated)

B-cell CLL/lymphoma 2

ATPase, H+ transporting, lysosomal 13kDa, V1 subunit G2
purinergic receptor P2X, ligand-gated ion channel, 7
peroxisomal biogenesis factor 12

amyloid beta (A4) precursor protein

growth arrest-specific 7

fibulin 5

perilipin

chemokine (C-C motif) ligand 14; chemokine (C-C motif) ligand 15
integral membrane protein 2A

phosphatidylinositol glycan anchor biosynthesis, class Y pseudogene
early B-cell factor 2

SRY (sex determining region Y)-box 10

transmembrane protein 196

collagen, type V, alpha 3
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2134

11041

5627
4359
11189
54331
10888
116

643033

797
26084
56776
1267
3696
3043
23302
1123
9353
6844
3952
577
9626
4499
6258
64102
80149
158062
151242
57687
646981
57863
9244
9625
222553
6285
1040
5420

256435

exostoses (multiple)-like 1

UDP-GIcNAc:betaGal  beta-1,3-N-acetylglucosaminyltransferase  1;
UDP-GIcNAc:betaGal

beta-1,3-N-acetylglucosaminyltransferase 2

protein S (alpha)

myelin protein zero

trinucleotide repeat containing 4

guanine nucleotide binding protein (G protein), gamma 2

G protein-coupled receptor 83

adenylate cyclase activating polypeptide 1 (pituitary)

similar to Heterogeneous nuclear ribonucleoprotein Al (Helix-
destabilizing protein) (Single-strand binding protein) (hnRNP core
protein A1) (HDP-1) (Topoisomerase-inhibitor suppressed)
calcitonin-related polypeptide beta

Src homology 3 domain-containing guanine nucleotide exchange factor
formin 2

2'3'-cyclic nucleotide 3' phosphodiesterase

integrin, beta 8

hemoglobin, beta

WSC domain containing 1

chimerin (chimaerin) 1

slit homolog 2 (Drosophila)

vesicle-associated membrane protein 2 (synaptobrevin 2)

leptin

brain-specific angiogenesis inhibitor 3

guanylate cyclase activator 1C

metallothionein 1M

retinoid X receptor, gamma

tenomodulin

zinc finger CCCH-type containing 12A

lipocalin 6

protein phosphatase 1, regulatory (inhibitor) subunit 1C

vesicle amine transport protein 1 homolog (T. californica)-like
protein tyrosine phosphatase, non-receptor type-like pseudogene
cell adhesion molecule 3

cytokine receptor-like factor 1

apoptosis-associated tyrosine kinase

solute carrier family 35, member F1

S100 calcium binding protein B

CDP-diacylglycerol synthase (phosphatidate cytidylyltransferase) 1
podocalyxin-like
ST6(alpha-N-acetyl-neuraminyl-2,3-beta-galactosyl-1,3)-N-
acetylgalactosaminide alpha-2,6-sialyltransferase 3

128



7025
80704
114897
9890
5375
255426
6855
3050
6252
3977
4685
4747
50846
63976
80059
114800
7078
92293
10124
8707
56884
146433
5950
132332
9618
114795
794

1995

644063

149461
2555
5063
167359
51143
28954
3872
183
81847
11096
30820

nuclear receptor subfamily 2, group F, member 1
solute carrier family 19, member 3

C1q and tumor necrosis factor related protein 1
plasticity related gene 1

peripheral myelin protein 2

RasGEF domain family, member 1C
synaptophysin

hemoglobin, zeta

reticulon 1

leukemia inhibitory factor receptor alpha

neural cell adhesion molecule 2

neurofilament, light polypeptide

desert hedgehog homolog (Drosophila)

PR domain containing 16

leucine rich repeat transmembrane neuronal 4
coiled-coil domain containing 85A

TIMP metallopeptidase inhibitor 3
transmembrane protein 132C

ADP-ribosylation factor-like 4A
UDP-Gal:betaGIcNAc beta 1,3-galactosyltransferase, polypeptide 2
follistatin-like 5

interleukin 34

retinol binding protein 4, plasma

transmembrane protein 155

TNF receptor-associated factor 4
transmembrane protein 132B; hypothetical LOC121296
calbindin 2

ELAV (embryonic lethal, abnormal vision, Drosophila)-like 3 (Hu
antigen C)

heterogeneous nuclear ribonucleoprotein K; similar to heterogeneous
nuclear ribonucleoprotein K

claudin 19

gamma-aminobutyric acid (GABA) A receptor, alpha 2

p21 protein (Cdc42/Rac)-activated kinase 3
serine/threonine-protein kinase NIM1

dynein, cytoplasmic 1, light intermediate chain 1

RAS (RAD and GEM)-like GTP-binding 1

keratin 17; keratin 17 pseudogene 3

angiotensinogen (serpin peptidase inhibitor, clade A, member 8)
ring finger protein 146

ADAM metallopeptidase with thrombospondin type 1 motif, 5
Kv channel interacting protein 1
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1524
84504
10382
7412
57689
51560
201134
7439
2262
8618
55026
146894
23017
56603
285533
163782
8325
796
5122
2824
158763
23504
55900
55022
3547
50863
55312

50614

5630
81551
114
54463
6327
54413
64581
7010
7092
1366

3188

3898

chemokine (C-X3-C motif) receptor 1

NK6 homeobox 2

tubulin, beta 4

vascular cell adhesion molecule 1

leucine rich repeat containing 4C

RABG6B, member RAS oncogene family
coiled-coil domain containing 46

bestrophin 1

glypican 5

Cat+-dependent secretion activator

family with sequence similarity 70, member A
CD300 molecule-like family member g

Fas apoptotic inhibitory molecule 2

cytochrome P450, family 26, subfamily B, polypeptide 1
ring finger protein 175

KN motif and ankyrin repeat domains 4

frizzled homolog 8 (Drosophila)
calcitonin-related polypeptide alpha

proprotein convertase subtilisin/kexin type 1
glycoprotein M6B

hypothetical protein FLJ30058

RIMS binding protein 2

zinc finger protein 302

phosphotyrosine interaction domain containing 1
immunoglobulin superfamily, member 1
neurotrimin

riboflavin kinase
UDP-N-acetyl-alpha-D-galactosamine:polypeptide
N-acetylgalactosaminyltransferase 9 (GalNAc-T9)
peripherin

stathmin-like 4

adenylate cyclase 8 (brain)

family with sequence similarity 134, member B
sodium channel, voltage-gated, type Il, beta
neuroligin 3

C-type lectin domain family 7, member A

TEK tyrosine kinase, endothelial

tolloid-like 1

claudin 7

ribosomal protein L36a pseudogene 51; ribosomal protein L36a
pseudogene 37; ribosomal protein L36a pseudogene 49; heterogeneous
nuclear ribonucleoprotein H2 (H'); ribosomal protein L36a

ladinin 1
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27022
26052
2352
5167
3426
6857
5373
10351
23644
2986

25817

3572
148753
170575
1113
387755
9283
51313
23671

forkhead box D3

dynamin 3

folate receptor 3 (gamma)

ectonucleotide pyrophosphatase/phosphodiesterase 1
complement factor I

synaptotagmin [

phosphomannomutase 2

ATP-binding cassette, sub-family A (ABC1), member 8
enhancer of mRNA decapping 4

guanylate cyclase 2F, retinal

family with sequence similarity 19 (chemokine (C-C motif)-like),
member A5

interleukin 6 signal transducer (gp130, oncostatin M receptor)

family with sequence similarity 163, member A

GTPase, IMAP family member 1

chromogranin A (parathyroid secretory protein 1)

inscuteable homolog (Drosophila)

G protein-coupled receptor 37 like 1

chromosome 4 open reading frame 18

transmembrane protein with EGF-like and two follistatin-like domains 2
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Appendix I'V: Biological functions of DE transcripts

Annotation Cluster 1 Enrichment Score: 11.01 Count P_Value Benjamini
signal peptide —— 126 9.6E-22 1.1E-18
signal — 126 1.1E-21 3.7E-19
glycoprotein ——— 146 4.8E-20 8.5E-18
glycosylation site:N-linked (GlcNAc...) — 137 8.0E-18 4.6E-15
disulfide bond — 100 2.6E-13 3.1E-11
disulfide bond — 96 1.1E-12 4.3E-10
Secreted S 68 1.2E-11 1.1E-9
membrane —— 162 2.1E-11 1.5E-9
topological domain:Cytoplasmic — 103 2.3E-10 6.6E-8
extracellular region — 79 8.3E-10 2.1E-7
transmembrane region — 128 1.1E-8 2.5E-6
transmembrane — 128 1.9E-8 1.1E-6
topological domain:Extracellular — 83 2.5E-8 4 8E-6
extracellular region part — 47 4.2E-8 3.6E-6
extracellular space — 34 4.5E-6 2.3E-4
intrinsic to membrane — 141 5.1E-5 1.3E-3
integral to membrane — 134 2.4E-4 5.5E-3
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http://www.uniprot.org/keywords/?query=glycoprotein
http://www.uniprot.org/keywords/?query=disulfide%20bond
http://www.uniprot.org/keywords/?query=Secreted
http://www.uniprot.org/keywords/?query=membrane
http://www.ebi.ac.uk/ego/DisplayGoTerm?id=GO:0005576
http://www.uniprot.org/keywords/?query=transmembrane
http://www.ebi.ac.uk/ego/DisplayGoTerm?id=GO:0044421
http://www.ebi.ac.uk/ego/DisplayGoTerm?id=GO:0005615
http://www.ebi.ac.uk/ego/DisplayGoTerm?id=GO:0031224
http://www.ebi.ac.uk/ego/DisplayGoTerm?id=GO:0016021

Annotation Cluster 2 Enrichment Score: 8.6 Count P_Value Benjamini

neuron differentiation — 35 2.5E-12 5.2E-9
neuron projection morphogenesis - 24 1.6E-11 1.7E-8
neuron development f— 29 5.9E-11 4.1E-8
axonogenesis - 22 1.1E-10 5.7E-8
cell projection morphogenesis - 24 2.7E-10 1.1E-7
cell morphogenesis involved in neuron differentiation - by 4.8E-10 1.7E-7
neuron projection development f— 24 6.5E-10 1.9E-7
cell part morphogenesis - 24 6.5E-10 1.9E-7
cell morphogenesis f— 28 8.9E-10 2.3E-7
cellular component morphogenesis — 29 2.0E-9 4.6E-7
cell morphogenesis involved in differentiation 27 8.1E-9 1.2E-6
cell projection organization — 26 3.5E-8 4.6E-6
axon guidance - 10 2.0E-4 1.3E-2
cell motion - 22 3.0E-4 1.6E-2
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http://www.ebi.ac.uk/ego/DisplayGoTerm?id=GO:0030182
http://www.ebi.ac.uk/ego/DisplayGoTerm?id=GO:0048812
http://www.ebi.ac.uk/ego/DisplayGoTerm?id=GO:0048666
http://www.ebi.ac.uk/ego/DisplayGoTerm?id=GO:0007409
http://www.ebi.ac.uk/ego/DisplayGoTerm?id=GO:0048858
http://www.ebi.ac.uk/ego/DisplayGoTerm?id=GO:0048667
http://www.ebi.ac.uk/ego/DisplayGoTerm?id=GO:0031175
http://www.ebi.ac.uk/ego/DisplayGoTerm?id=GO:0032990
http://www.ebi.ac.uk/ego/DisplayGoTerm?id=GO:0000902
http://www.ebi.ac.uk/ego/DisplayGoTerm?id=GO:0032989
http://www.ebi.ac.uk/ego/DisplayGoTerm?id=GO:0000904
http://www.ebi.ac.uk/ego/DisplayGoTerm?id=GO:0030030
http://www.ebi.ac.uk/ego/DisplayGoTerm?id=GO:0007411
http://www.ebi.ac.uk/ego/DisplayGoTerm?id=GO:0006928

Annotation Cluster 3 Enrichment Score: 7.04 Count P_Value Benjamini

cell adhesion — 39 3.3E-9 5.7E-7
biological adhesion — 39 3.4E-9 5.5E-7
cell adhesion - 25 3.0E-7 1.5E-5
cell-cell adhesion — 18 2.1E-5 1.8E-3

157 out of 444DE transcripts between normal and tumor surrounding tissue were annotated into 114 functional clusters and the top 3
clusters were enclosed for reference. The first cluster indicated that the DE genes are cell membrane related. The second and third

clusters demonstrated that these genes are commonly classified for cell movement and adhesion. The data was generated by using

DAVID bioinformatics database.
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http://www.ebi.ac.uk/ego/DisplayGoTerm?id=GO:0007155
http://www.ebi.ac.uk/ego/DisplayGoTerm?id=GO:0022610
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