University of

Faculty of Medicine, Dentistry and Life

Sciences

“Changes in selective biomarkers after transurethral resection
of the bladder tumour (TURBT), and their association with
Non-muscle invasive bladder cancer (NMIBC) recurrence and

progression”

Thesis submitted in accordance with the requirements of the University of

Chester for the degree of Doctor of Philosophy

By

Peter Amona Ella-Tongwiis

September 2019



Declaration

“The material being presented for examination is my own work and has not been
submitted for an award of this or another HEI except in minor particulars which are
explicitly noted in the body of the thesis. Where research pertaining to the thesis was
undertaken collaboratively, the nature and extent of my individual contribution has

been made explicit.”

Date: 16" September, 2019

Signature:



Acknowledgements

First, 1 would like to thank the lovely and courageous people who agreed to be recruited
into this research study. In the world of research, people like you continuously

contribute towards building a better world for us all.

| am also very grateful to all the staff within University of Chester and the Betsi
Cadwaladr University Health Board- North Wales who supported, helped and provided
professional input at various stages of this project especially staff at the arrivals ward-
Wrexham Maelor Hospital, urology registrars at Wrexham Maelor Hospital and “Little
Johnny” at histopathology department- Ysbyty Glan Clwyd.

I would like to acknowledge the tremendous help, advice and the many hours offered
by Alexander Makanga — specialist biomedical scientist in Charge of

immunohistochemistry at Ysbyty Glan Clwyd.

Thanks to Dr Gareth Elfred Jones for the making time to help and advice concerning

statistical analysis.

Special thanks to Professor Stephen Fon Hughes for the support over these years. Your
friendship and mentorship before and during this research are very much appreciated.
Special thanks also go to Professor Igbal Shergill- Consultant Urological surgeon for

the support and research opportunity within BCUHB.

Finally, I would like to thank my family for the continuous support and encouragement.
To my wife especially, thanks for putting up with me during this time.

ii|Page



Table of Contents

ADSTIACT. ... e v
THESIS CONTENTS. ... et e e v
LiSt Of taDIES. ... . IX
LSt OF fIQUIES. ..o X
ADDIEVIALIONS. ... . xiv

iii|Page



Abstract
Introduction

Bladder Cancer (BC) is the 10" most common cancer in the UK, with about 10,000 new cases
annually. It affects more men than women (ratio 3:1). Major risk factors include tobacco,
chemical carcinogens, schistosomiasis infection and age. About 75-85% of BC are non-muscle
invasive (NMIBC), which is associated with high recurrence and progression rates (50-60%
within 7-10 years). Currently, diagnosis, treatment and management of BC is via clinical
procedures such as transurethral resection of the bladder tumour (TURBT) and endoscopy.
Concerning laboratory investigations, there are no routine biomarkers currently available for
identifying BC patients at increased risk of developing recurrence and progression. By
monitoring changes in selective biomarkers post-TURBT, any sustained changes may be a
predictor of cancer recurrence or progression. The main-focus of this research study was to
evaluate changes in selective novel biomarkers and their association with recurrence and
progression in BC.

Materials & Methods

In this research, 40 patients (n=40) scheduled for TURBT at the Wrexham Maelor Hospital, North
Wales were recruited after written informed consent. Ethical approval for the project was granted
via IRAS (REC4: 14/WA/0033). Venous blood samples were taken at baseline (pre-operative) and
following TURBT surgery at 1, 3 and 6 months post-operatively. Bladder tumour samples were
also taken during TURBT according to standard procedure.

Selective biomarkers to assess inflammation, angiogenesis and tumour growth, were measured
using commercially available ELISA and BioPlex multiplex assay kits. Tissue immunoreactivity
of novel biomarkers were also assessed in BC tissues using immunohistochemistry, with clinical
outcome measures being recorded for all patients.

Results

Significant increases in serum Cluster of differentiation 31 (CD31) (p=0.003) and Stem Cell
Factor (SCF) (p=0.032) concentration, as well as trends of increasing concentration of serum
basic Fibroblast Growth Factor (bFGF) (p=0.14), Vascular Endothelial Growth Factor
Receptor-1 and 2 (VEGFR-1) (p=0.15), VEGFR-2 (p=0.15) and Follistatin (p=0.40) were
observed in BC patients up to 6 months post-operative.

There were also significant decreases in serum Macrophage Inflammatory Protein -2 (MIP-2)
(p=0.001), Platelet Derived Growth Factor (PDGF) (p=0.012), Matrix Metalloproteinase-9
(MMP-9) (p=0.002) and Vascular Endothelial Growth Factor C (VEGF-C) (p=0.04) serum
concentration. Trends of decreasing concentration in MMP-2 (p=0.79), MMP-3 (p=0.15),
interleukin-6 (IL-6) (p=0.26), interleukin-8 (IL-8) (p=0.15) and tumour necrosis factor-a. (TNF-a)
(p=0.69) were observed in BC patients up to 6 months post-operative.

There was significant immunoreactivity of CD31 (p< 0.001), CD34 (p< 0.001), Human
epidermal growth factor receptor-2 (HER-2) (p=0.032), S100P (p< 0.001), Cyclooxygenase-2
(COX-2) (p< 0.001), VEGFR-3 (p< 0.001), SOX-2 (p< 0.001) and thrombomodulin (p=0.010)
in bladder tumours. Although recurrence was significantly associated with cancer grade, there
was no association with antibody immunoreactivity.

Conclusion

Findings from the present study may indicate an alternative approach in the monitoring and
management of patients with BC. It is proposed that by allowing urological surgeons access to
laboratory markers such as MIP-2, MMP-9, PDGF, SCF, HER-2, Thrombomodulin and CD31
(biomarker profile), potentially, in the future, these biomarkers may be used in addition to, or
in combination with, currently used scoring systems to predict cancer recurrence and
progression. However, verification and validation of these biomarkers are needed using larger
cohorts.
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1.1 Overview

Bladder cancer (BC) is the eleventh most common cancer worldwide with an estimated 549,393
new diagnoses in 2018. Globally, it is also the fourth and thirteenth most common cancer in
men and women respectively (Ferlay et al., 2013, Wong et al., 2018).

According to the World Health Organisation (WHO), in the UK, there were 12,218 new BC
cases in 2018 and 6,101 BC related deaths whiles the 5-year prevalence was 40,146 (WHO,
2019).

Over ninety percent of all BC cases diagnosed in the UK are found in the transitional epithelium
and are classified as transitional cell carcinomas (TCC). It is estimated that about 80% of TCC
are non-muscle invasive (NMIBC) while about 20% may evade into the underlying detrusor
muscle and are classified as muscle invasive BC (MIBC). Using the current WHO guidelines,
BC is graded and staged depending on factors such as location of primary tumour, lymph node

involvement and ability to spread (Babjuk et al., 2017).

The current treatment/management protocols for BC involve patients undergoing endoscopy
techniques (cystoscopy) and transurethral resection of the bladder tumour (TURBT) surgery to
assess tumour growth and obtain biopsies for histological examination to aid diagnosis, staging
and grading of patients. Cystoscopy and TURBT are repeatedly performed on the same patient
during diagnosis, follow up and management. These measures are expensive, labour intensive

and expose patients to repeated painful and invasive techniques.

The focus of this research was to identify changes in biomarker levels or immunoreactivity in
various biological samples (serum, plasma and bladder tissues). The levels of these biomarkers
at baseline were compared with levels at various post-operative stages i.e. 1, 3 and 6 months.
After an assessment of the patient was made through current management protocols, the
correlation between biomarker changes and BC recurrence/progression was studied. This
research focussed on various markers of inflammation as well as markers of tumour growth and

angiogenesis.
1.2 Bladder cancer epidemiology
1.2.1 Incidence

According to the WHO, globally, an estimated 549,393 new BC cases were reported in 2018,

making BC the 11" most common cancer in the world. Geographically, differences in BC
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incidence and mortality rates have been observed with the majority of all cases (59%) occurring
in developed countries (Table 1.1).(Antoni et al., 2017; WHO, 2019).

Table 1. 1 Estimated global incidence rates of BC by region in 2012.
Table shows high incidence rates in more developed regions of the world. ASR= age
standardised ratio (Antoni et al., 2017).

Area Men Women M:F ASR ratio

World 330,380 99,413 4.1
Africa 17,685 6,752 3.0
Central/South America/Caribbean | 17,610 7,234 3.1
North America 58,089 18,660 38
Asia 115,646 32,922 3.9
Europe 118,365 32,932 5.1
Oceania 2,985 913 3.9

In the UK, BC was the 9" most common cancer in the entire population in 2018. Statistically,
there were 12,218 new BC cases, with 8,826 reported in men and 3,392 cases reported in
women. The 5 year prevalence for the years up to 2018 was 20,146 (Antoni et al., 2017, WHO,
2019).

Age is strongly associated with BC with most cases occurring in people over the age of 50.
Burger et al. (2013) indicated that about 54% of all cases are found in people above 75 years,

increasing to 90% in people aged above 60 years.

1.2.2 Mortality/Survival

Globally, about 123,000 men and 42,000 women died of BC in 2012 according to the WHO
(Table 1.2). Most studies have highlighted factors such as environment, socioeconomic status,
race and gender as significant contributory factors in BC mortality or survivability (Antoni et
al., 2017; Burger et al., 2013; Ferlay et al., 2013).

Table 1. 2 Estimated global mortality rates of BC by region.
Table shows high mortality rates in more developed regions of the world. ASR= age
standardised ratio (Antoni et al., 2017)
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Area Men Women M:F ASR ratio
World 123,051 42,033 3.6
Africa 9,362 3,906 2.9
Central/South America/Caribbean 7,078 3,069 3.0
North America 13,285 5,307 3.3
Asia 52,816 16,478 4.2
Europe 39,522 12,889 4.7
Oceania 988 384 3.2

According to the Office of national statistics (ONS), for the period 2012- 2017, the age
standardised 1-year and 5-year net survival rates for men in England are 78.4% and 58.6%
respectively. In the same period, the 1-year and 5-year net survival rates for women in England
are 65.7% and 46.0% respectively (ONS, 2019)

For the 2007-2011 in Wales, 1-year survival rates were 77% (men) and 63% (women). These
rates declined for five year rates to about 58% (men) and 50% (women) (Huddart, Jones, &
Choudhury, 2015).

In the United States, a recent study reported significant associations between risk of BC death
and a person’s gender, ethnicity and environmental location. Tobacco use, employment status,
access to portable water, house location and involvement in mining presented a significant risk
of BC death (p<0.05) (Smith et al., 2016).

1.2.3 Recurrence

In terms of quality of life and cost of treatment, recurrence plays a major role in BC. The
National Cancer Institute defines recurrence as “Cancer that has recurred (come back), usually

after a period of time during which the cancer could not be detected”.

Recurrence rates in BC may vary according to the type, stage or grade of the cancer. In a large
study of 7,410 subjects with high grade NMIBC, recurrence occurred in 2897 subjects while
2449 observed a cancer progression to advanced stages (Chamie et al., 2013). Out of the 2449
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cases, 981 died of BC related complications. Upon further analysis, the researchers reported an
increased recurrence rate in women, people of black origin and BC stage T1. Furthermore,
follow up data from the same study showed a 74.3% recurrence rate in 10 years in people with
high grade NMIBC. In that same group, a 33.3% progression rate and a 12.3% BC related death
rate were reported (Chamie et al., 2013). This important study therefore highlights a complex

association between BC recurrence and outcome.

1.3 Risk Factors in BC

Risk factors identified in BC include tobacco, exposure to chemical carcinogens (Table 1.3),
chronic inflammatory infections, genetic modification, and lifestyle choices (Burger et al.,
2013; Cumberbatch et al., 2018). Overall, an estimated 42% of all BC cases are attributed to
lifestyle choices. More importantly, tobacco plays a significant role in up to 47% of all BC
cases in the UK (Ng et al., 2013; Burger et al., 2013).

Table 1. 3 Risk factors associated with BC.

Risk factors are grouped based on levels of evidence (convincing versus limited) based on data
produced from various studies. (Adapted from the International Agency for Research on Cancer
(IARC) and World Cancer Research Fund/American Institute for Cancer Research
(WCRF/AICR) classifications, 2018).

Evidence Risk factors

Aluminium production
‘Sufficient’ or 'Convincing' evidence 4-Aminobiphenyl
Arsenic/inorganic arsenic compounds
Auramine production
Benzidine

Chlornaphazine
Cyclophosphamide

Magenta production
2-Naphthylamine

Painting

Rubber production industry
Schistosoma haematobium
Tobacco smoking
ortho-Toluidine

X-radiation, gamma-radiation
4-Chloro-ortho-toluidine
‘Limited’ or ‘probable’ evidence Coal-tar pitch

Dry cleaning

Engine exhaust, diesel
Hairdressers and barbers, occupational exposure
2-mercaptobenzothiazole
Pioglitazone

Printing processes

Soot

Textile manufacturing
Tetrachloroethylene

5|Page



General introduction Chapter one

1.3.1 Tobacco

Chemical residues present in tobacco are filtered through urine and deposited in the bladder
and may act as carcinogens for BC. Tobacco has been implicated as the most significant risk
factor in the development of BC (Burger et al., 2013), accounting for almost 37% of UK cases
in 2010 (Parkin, 2011).

Several comprehensive Surgeon General’s reports have concluded that there is a causal
relationship between smoking and cancers in various organ systems (Health & Services, 2004;
Health & Services, 2014; Smith et al., 2016). Most of these cancers develop through a series of
complex mechanisms such as gene mutation, activation of oncogenes and suppression of

tumour suppressor genes as shown in Figure 1.1.

Cancer

Protein
Receptor _ | kinase A, B, and C
binding | activation and
other changes
Iniltiati(m Regular Mutations in Loss of
of cigarette cigarette | Uptakeof | Metabolic | DNA | Persistence oncogenes normal
smokmg/ - > carcinogens —> adducts oodi » and tumor- > growth >
nicotine | ™ king activation miscoding Suppressor control
addiction , genes mechanisms
Metabolic Repair
detoxification
Apoptosis
Excretion Normal DNA
Uptake of cocarcinogens Tumor-suppressor
and tumor promoters ———| dene inactivation
Gene promoter hypermethylation and other changes

Figure 1. 1 Smoking-associated mechanisms in Cancer (Adapted from the US department
of Health and Human Services, 2014).

Several studies have observed higher BC risk in smokers compared to non-smokers (Alberg et
al., 2007; McCormack et al., 2010; van Osch et al., 2018). This risk is also directly associated
with quantity and duration of smoking (Ditre et al., 2011; Freedman, Silverman, Hollenbeck,
Schatzkin, & Abnet, 2011). Tobacco use was estimated to be a risk factor in up to 50% of the
BC cases. Both former smokers (HR, 2.22; 95% confidence interval [CI], 2.03-2.44) and
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current smokers (HR, 4.06; 95% CI, 3.66-4.50) were observed to have a significantly higher
BC risk compared to those who had never smoked (Freedman et al., 2011).

A recent study by Liss et al (2016) using a large sample size (N=222,163) implicated tobacco
in BC specific deaths. In that study, there was an increased chance of BC specific death for
active smokers (4-fold) and former smokers (3-fold) when compared to people who had never
smoked. This study however did not make a stage by stage or grade by grade analysis of the
BC (Liss, White, Natarajan, & Parsons, 2016).

In a systematic review of 14 research studies (n=5990), Crivelli et al. (2014) analysed the
relationship between smoking status/exposure and various urological malignancies and
conditions such as urothelial carcinoma, upper tract urothelial carcinoma (UTUC) treated with
TURBT, radical cystectomy (RC), or radical nephroureterectomy (RNU). They reported a
significant association between smoking and disease recurrence whilst some studies provided

a link between smoking cessation and good prognosis.

In the UK, as part of BC management protocols, services are offered to BC patients who smoke
to encourage smoking cessation. This recommendation, supported by the NICE guidelines, is
aimed at reducing the harmful effects of tobacco, which has been well documented to play an
integral role in the pathogenesis of BC.

1.3.2 Genetic Influence

There is limited evidence linking BC to inherited genetic variations. Currently, there is
heightened interest in molecular genetics to understand the role of mutations in the development
of BC (Kwan et al., 2019; Zhang et al., 2018a).

In many patients, mutations in the fibroblast growth factor receptor-3 (FBFR3), retinoblastoma
protein (RB), HRAS and TP53 genes have been shown to increase BC risk (Apollo et al., 2019;
Zhang et al., 2018a). These genes and proteins play specific functions in regulating cell cycle
and growth. The resulting mutants have diminished capacity and therefore results in

uncontrolled cell growth.

In an epidemiological study of microRNA variants, researchers reported a significant link
between people who possessed these microRNAs and BC development (Yang et al., 2008). The
researchers included 746 Caucasians who had BC and a further 746 controls and studied 41
single-nucleotide polymorphisms in each group. They observed that a variant genotype of a
gene called GEMINS3 presented a significantly higher risk of developing BC (OR = 2.40; 95%
Cl = 1.04 -5.56). Furthermore, using haplotype analysis, it was observed that the GEMIN4
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gene also presented a higher chance of developing BC (OR= 1.25; 95% CIl=1.01-1.54). Even
though this was an experimental study, together with other recent studies (Lee et al., 2018;
Mazoochi, Karimian, Ehteram, & Karimian, 2019) they highlight the suspected link between
gene variants and BC.

1.3.3 Occupational Environment

Work exposure to several chemicals can significantly increase the risk of BC (Table 1.3) with
some studies putting the risk at 5-6% (Parkin, 2011). In the dye industry, chemicals like 4-
Aminobiphenyl, 2-Naphthylamine and benzene are routinely used and have been implicated in
BC (Brown, Slack, Rushton, & Group, 2012). Some aromatic amines present in textiles, rubber
and pesticides are carcinogenic and expose workers in those industries to BC. In the rubber
industry alone, workers risk for BC is 29% maore than the rest of the population (Reulen, Kellen,
Buntinx, Brinkman, & Zeegers, 2008).

In a prospective study of 57,310 people who use pesticides, Koutros et al. (2016) have reported
an elevated BC risk. Using Poisson regression analyses, a higher BC risk was found in people
who had used bentazon (RR= 1.55, 95% Cl= 1.10, 2.19), Bromoxynil (RR= 1.51, 95% Cl=
1.04, 2.20), Chloramben (RR=1.56, 95% CIl=1.10, 2.22) and diclofob-methyl (RR=1.85, 95%
Cl= 101, 3.42) at least once. There was also a positive link between
dichlorodipheyltrichloroethane (DDT) (RR= 1.40, 95% CIl= 1.10, 1.80) and heptachlor (RR=
1.30, 95% CI= 0.98, 1.74) and BC. From this study Koutros et al. (2016) successfully

established the relationship between various aromatic amines.

A recent study in two Italian case cohorts observed that prolonged exposure to carcinogens
such as cadmium and trichloroethylene were associated with BC. They also observed an
increased association between occupations such as chemical engineering and postal services
and BC (Sciannameo et al., 2018).

1.3.4 Medications/Conditions

Some medical conditions have been implicated in BC as either a primary factor or secondary
to the carcinogenic influence of drug treatment. Conditions like urine retention may
significantly increase the risk of BC (Jiang, 2007). In certain regions like North Africa and
Asia, the high cases of a parasitic infection known as schistosomiasis, which causes

inflammation in the urinary system, may be an etiologic factor in BC (Burger et al., 2013).

BC is reported to be the most common in Egypt primarily due to the prevalence of an infection;

schistosomiasis (Burger et al., 2013). Schistosomiasis is an infection caused by a parasite
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known as Schistosoma haematobium. It is characterised by chronic inflammation of the bladder
and other components of the urinary tract and very common in Egypt and other countries in the
Mediterranean (Parkin et al., 2008). BC arising from Schistosomiasis are usually squamous
cell carcinomas (SCC). Even though over 90% of all BC are TCC Babjuk et al. (2013),
relatively rare forms such as SCC may also occur.

1.4 Structure of the bladder, Staging, Grading and Risk stratification in BC

1.4.1 Structure of the bladder

The urinary bladder is surrounded by layers of adipose and connective tissues. Females possess
a slightly smaller bladder due to the presence of the uterus which sits directly above and slightly
towards the back of the bladder and increases in size during pregnancy and therefore reduces
the storage capacity of the bladder (Dixon & Gosling, 1983).

The bladder may be divided into two parts (Figure 1.2). The “body” is found superior to the
ureteral openings whilst the base is found superior to the urethral opening and made up of the
trigone, deep detrusor and urethrovesical wall (Andersson & Arner, 2004).

-] Smooth muscle

Uretero-vesical
junction

Figure 1. 2 Layers of the Urinary Bladder. Adapted from (Andersson & Arner, 2004)

Anatomically, the bladder consists of 3-6 layers, all of which play significant roles in tumour

classification and staging.

The mucosa makes up the topmost layer of the bladder. This mucosa is different from those

found in other parts of the body by its ability to stretch and hold large quantities of urine. The
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epithelium covers the mucosa and is the layer usually in contact with urine. It may also be called
the urothelium or transitional epithelium. This transitional epithelium is distinct as it contains
multiple layers of cells (Figure 1.3). It has an innermost layer, about 2-5 middle layers and a
topmost (superficial) layer (Jost, Gosling, & Dixon, 1989). The various layers contain different
cell sizes and nuclei content, with innermost and intermediate layers showing distinctly thicker

nuclei, stains more intently and varying cell sizes (Jost et al., 1989).

Most BC arise from cells in the epithelium. Other components of the urinary system contain
similar epithelial cells and may therefore develop similar cancers as the bladder (Guo, Liu, &
Teng, 2016; Humphrey et al., 2016; Mostofi, Sobin, Torloni, & Organization, 1973).

Located immediately beneath the epithelium is the lamina propria consisting of connective
tissue and blood vessels. The lamina propria also contains a layer of smooth muscle known as
muscularis mucosae. This is usually a monolayer and different in structure from the main
muscular tissue of the bladder (Humphrey et al., 2016; Jost et al., 1989).

The muscularis propria also known as detrusor muscle makes up the inner wall of the bladder.
It is primarily made of smooth muscle and is important for determining cancer grade and stage.
The deepest bladder tissue layer is the perivesical tissue and usually comprises blood vessels,
fat layers and fibrous tissue (Humphrey et al., 2016; Jost et al., 1989).
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Transitional epithelium

Figure 1. 3 Histological structure of the urinary bladder

H&E staining showing histological distinctions of the urinary bladder. Top most layer consist
of multiple layers of epithelial cells (transitional epithelium). Lamina propria contains
connective tissue and vascular network. Underlying muscularis (also called detrusor muscle)
lies below the lamina propria and contains blood vessels and smooth muscle cells (Humphrey,
Moch, Cubilla, Ulbright, & Reuter, 2016).

1.4.2 Staging

Staging is one of the classification techniques employed for the treatment and management of
BC. The most important staging system is known as Tumour Node Metastasis (TNM)
classification. It uses tumour information, lymph node involvement and metastatic ability to
classify Bladder tumours (Figure 1.4).

Majority of BC cases develop in the superficial layers of the transitional epithelium and lamina
propria and have been termed superficial or non-muscle invasive BC (NMIBC). It occurs
mostly in the mucosa and submucosal layer (Ta, T1 or CIS) (Babjuk et al., 2013). An estimated
75-85% of all BC cases are NMIBC. Specifically, stage Ta is responsible for about 80% of
NMIBC, whiles muscle invasive BC (MIBC) accounts for 20% (Colquhoun & Mellon, 2002).
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Muscle

Bladder
lining

7 Connective
tissue

Figure 1. 4 Staging of BC

Staging BC is based on location of the tumours. CIS and Ta are located on the urothelium
whilst T1 is located epithelium and lamina propria (Reproduced from Macmillan Cancer
support, 2019)

The TNM classification is used to categorise BC depending on three main factors; Tumour,
lymph node involvement and ability to metastasize (Tablel.4 and Figure 1.4). Stage Ta are
localised in the epithelium and does not spread to the underlying tissues like the lamina propria.
Progression rate is low even though most tumours recur after treatment. Stage Ta tumours are

also mostly low grade, however, 3-18% present as high grade (Sylvester et al., 2005).

Stage T1 BCs usually arise from the epithelium but spread into the lamina propria. They
however do not penetrate enough to reach the detrusor muscle. (Stein et al., 2001) reports that
about 30% of stage T1 tumours were re-classified as muscle invasive even though there were
initially reported as NMIBC.

CIS tumours occur only in the epithelium, are usually high grade and may appear as little
reddish projections even though some are not detected easily. They are also usually associated
with advanced grade invasive lesions. When treatment is not initiated, a high number of CIS
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cases (40-80%) usually spread into muscle tissues. Patients diagnosed with both CIS and T1
cancers are reported to have severe outcomes than those presenting with other stages of NMIBC
(Losa, Hurle, & Lembo, 2000).

With respect to this thesis, patients diagnosed with NMIBC will be the focus by investigating
the role of novel biological biomarkers that may be able to predict cancer recurrence and
progression.

Table 1. 4 TNM BC classification 2009 (Babjuk et al., 2013)

T Primary tumour
Ta | Non-invasive papillary carcinoma
Tis | Tumour in situ (carcinoma in situ)
T1 | Tumour invades sub-epithelial connective tissue
tumour invades muscularis
T2 | a: superficial muscle (inner half)
b: deep muscle (outer half)
Tumour invades perivesical tissue (beyond muscularis)
T3 | a: microscopically
b: macroscopically (extravesical mass)
Tumour invades any of the following: prostate, uterus, vagina, pelvic wall, abdominal wall
T4 | a: Prostate, uterus, vagina
b: Pelvic wall, abdominal wall
N Lymph nodes
Nx | Regional lymph nodes cannot be assessed
NO | No regional lymph nodes metastases
N1 Metastasis in a single lymph node in the true pelvis (hypogastric, obturator, external iliac or
presacral)
N2 | Metastasis in multiple lymph nodes in the true pelvis
N3 | Metastasis in common iliac lymph node
M | Distant metastasis
MO | No distant metastasis
M1 | Distant metastasis

1.4.3 Grading and risk stratification

Grading classification of BC is important in the management of BC and used as an effective
tool in prognosis. The WHO classified BC into 3 grades in 1973; grades 1-3 based on cellular

anaplasia ie alterations in differentiation (Table 1.5) (Mostofi et al., 1973).

A histological form of grading NMIBC initially proposed by the WHO in 1973 was later
updated in 2004 (Table 1.5) (Epstein, Amin, Reuter, Mostofi, & Committee, 1998; Sauter et
al., 2004). Even though both have been successfully used to grade patients and improved

prognosis, patient stratification continue to overlap in both systems and opinion among
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researchers and clinicians is divided concerning universal usage and integration into clinical
trials (Babjuk et al., 2013).

In subsequent reviews, the WHO introduced the 2004 grading system for non-invasive
urothelial tumours based on tissue architecture and cytological features (Eble, Sauter, Epstein,
& Sesterhenn, 2004; Lopez-Beltran & Montironi, 2004). This grading system gives clearer
definitions of tumours and distinguishes between malignancies and lesions with low malignant

potential.

The high recurrence rates in NMIBC has highlighted the need to adopt models to aid in the
prediction of recurrence and progression. Even though an exact risk classification template is
not currently available, some generally accepted guidelines have been formulated. In this
regard, the European association of Urology (EAU), European Organization for Research and
Treatment of Cancer (EORTC) and the Spanish Club Uroldgico Espafiol de Tratamiento
Oncolégico (CUETO) are important institutions that have developed models for risk
stratification. In terms of disease progression, cancer grade is considered a higher risk factor
than cancer stage. This observation is due to the fact that similar disease progression rates have
been reported in BC patients who presented with high grade T1 or Ta (Millan-Rodriguez,
Chechile-Toniolo, Salvador-Bayarri, Palou, & Vicente-Rodriguez, 2000).

Table 1. 5 Risk stratification in NMIBC.
This model was developed based on evidence review and clinical opinion and places BC
cases in 3 risk groups based on stage, grade and clinical history (Huddart & Choudhury, 2015).

Low Risk NMIBC

Intermediate Risk NMIBC

High Risk NMIBC

= Solitary pTaG1 <3cm

= Solitary pTaG2 (low
grade) <3cm

= Any PUNLMP

= Solitary pTaG1 >3cm

= Multifocal pTaG1

= Solitary pTaG2 (low grade)
>3cm

= Multifocal pTaG2 (low
grade)

= pTaG2 (high grade)

= Any pTaG2 (grade not
further specified)

= Any low risk recurring
within 12 months from last
tumour occurrence

=pTaG3

"pT1G2

"pT1G3

= pTis (Cis)

= aggressive variants of
urothelial carcinoma, for
example micropapillary or
nested variants
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Table 1. 6 1973 and 2004 WHO histological grading of BC (Mostofi et al., 1973 Sauter et
al., 2004

1973 WHO grading

Urothelial papilloma

Grade 1; well differentiated

Grade 2; moderately differentiated

Grade 3; poorly differentiated
2004 WHO grading

Flat lesions

Hyperplasia (flat lesion without atypia or papillary)

Reactive atypia (flat lesion with atypia)

Atypia of unknown significance

Urothelial dysplasia

Urothelial carcinoma in situ

Papillary lesions

Urothelial papilloma (which is a completely benign lesion)

Papillary urothelial neoplasm of low malignant potential (PUNLMP)

Low-grade papillary urothelial carcinoma

High-grade papillary urothelial carcinoma

The NICE guidelines identify three risk categories for patients with NMIBC; low risk,
intermediate risk and high risk (Table 1.6). In risk stratification and treatment, all BC
management guidelines encourage clinicians to take into consideration patients’ previous
recurrence information, size/number of tumours, stage/grade, CIS presence and invasion of the
lymph nodes (Huddart & Choudhury, 2015). This stratification, suggested by the NICE were
based on analysis of EORTC tables as well as other research studies (Lammers et al., 2014;
Sylvester et al., 2006).

1.5 Clinical techniques for the management of BC

Currently, there is no approved/recommended and widely used laboratory-based diagnostic
technique specifically developed for the diagnosis of BC. Non-specific symptoms of BC, which
includes blood in the urine (haematuria), lower abdominal pain and fatigue, are most often

associated with other conditions.
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The diagnosis and subsequent management/monitoring of BC cases therefore require a
combination of several laboratory-based, clinical and technological techniques for effective
treatment and management. These include imaging and surgical techniques, laboratory
examination of biological samples, radiotherapy and immunotherapy.

1.5.1 Imaging Techniques

Flexible or rigid cystoscopy, performed under local or general anaesthesia are important
imaging techniques used in the assessment, treatment and management of bladder conditions
(Figure 1.5). The most common form is conducted using white light (known as white light
cystoscopy (WLC)) even though different light sources are available and are being used with
varying results (Grossman et al., 2007; Herr & Donat, 2008). Variations in the detection of
recurrences in low risk patients have been observed in some types of cystoscopy (Chou et al.,
2017). Marginal differences between WLC and Narrow Band Imaging has recently been
reported (Drejer et al., 2017). There has also been reports of low sensitivity in cystoscopy
compared to other imaging techniques (Mowatt et al., 2010). These observations further
highlight the need to investigate novel biomarkers capable of identifying recurrence and

progression in BC.

Urethra Prostate

Bladder

Cystoscope

iZancer Research LK

Figure 1. 5 Cystoscopy in Men. [Adapted from CRUK, 2016)].
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1.5.2 Transurethral Resection of a Bladder tumour (TURBT)

TURBT is a fundamental treatment option for BC and is usually done after a diagnosis of
NMIBC has been made using imaging, cytological and histological techniques. Before a
TURBT session however, flexible cystoscopy (together with CT scan or MRI in patients with
suspected MIBC) is conducted to assess the size and location of the tumour (Huddart &
Choudhury, 2015).

There is evidence to suggest that, patients whose Bladder tumours were resected without
removing detrusor muscle, have an increased risk of early recurrence (Mariappan, Zachou, &
Grigor, 2010). This later research highlights the findings of (Brausi et al., 2002) on the quality
and accuracy of bladder samples for histology. In the latest NICE guidelines however, more
high quality research using higher samples sizes, is encouraged to assess the relationship
between TURBT and outcomes in new and recurrent BC (Huddart & Choudhury, 2015).

These undesirable outcomes of TURBT, which is currently the gold standard for the diagnosis
and treatment of BC, highlights the need for more research into identifying biomarkers in BC,

which is a focus of our present study.

1.6 Role of the laboratory in BC Management

There are currently no routinely used blood or tissue-base biomarkers for the management of
BC. Diagnosis and management of BC are currently done by examining haematoxylin and eosin

(H&E) stained microscope slides of bladder biopsies.

1.6.1 Urine cytology and molecular markers

Urine cytology has been used for several years as a screening tool to identify BC in high-risk
individuals, i.e. people with haematuria, the aged and people with a previous history of BC.
The utility of cytology however is questionable since it has low sensitivity in low grade tumours
and is prone to variations such as experience of the scientist examining the specimen (Lotan &
Roehrborn, 2002).

For patients with high grade TCC or carcinoma in situ (CIS), examination of voided urine
through urine cytology is reported to be useful in diagnosis. Sensitivity of urine cytology in
high grade TCC and CIS has been estimated to be as high as 90-100% in some cases. In low
grade TCC however, low sensitivities have been reported (Yafi et al., 2015). High false
negative rates due to infections, inflammation, chemotherapy surgery and stones have been
associated with urine cytology (Gupta et al., 2019). These factors, together with initial high
cost, reduce the utility of urine cytology for the routine management of BC.

17|Page



General introduction Chapter one

Urine based molecular biomarkers, such as Bladder tumour antigen (BTA) and Nuclear Matrix
Protein 22 (NMP22) have been developed based on ELISA techniques (Table 1.7). These
tumour specific biomarkers identified in Bladder tumours present with higher sensitivities (Yafi
etal., 2015).

Table 1. 7 Urinary Molecular markers for BC diagnosis/management.

Table represents current urine-based markers in BC and highlights variations in both sensitivity
and specificity for all BC and high-grade tumours. Some markers have been approved by FDA
for clinical use; however, none is currently routinely used in BC management. Adapted from
Babjuk et al., 2017). BT A= Bladder specific antigen.

Biomarkers/Test Overall Sensitivity  Overall Specificity  Sensitivity for high-
(%) (%) grade tumours (%)

UroVysion (FISH) 30-86 63-95 66-70
Microsatellite analysis 58-92 73-100 90-92
Immunocyt/uCyt + 52-100 63-79 62-92

Nuclear matrix Protein 22 | 47-100 55-98 75-92

BTA stat 29-83 56-86 62-91

BTA TRAK 53-91 28-83 74-77

Cytokeratin 12-88 73-95 33-100

According to the NICE guidelines (Huddart & Choudhury, 2015), urinary biomarkers should
not be exclusively used for the investigation of suspected BC cases or for monitoring BC
patients post-treatment. The use of urine biomarkers in the diagnosis or monitoring of BC

treatment could however be encouraged in exceptional cases such as clinical research studies.

1.6.2 Haematoxylin & Eosin examination

In histopathology, the haematoxylin and Eosin (H&E) stain is one of the most widely used tools
for the evaluation and confirmation of pathological conditions. It is routinely performed on
tissue sections that have been adequately processed and sectioned. Currently, H&E is the gold
standard for the confirmation of most cancers, including BC.

The fundamental element in H&E staining in histology is the use of two or more stains to colour
different cell or tissue components. In pathological conditions, due to changes or divisions in
the nucleus, the H&E stain is used to highlight these changes and helps in decision-making.
Haematoxylin, a component of the H&E stain, is purple dye that stains the nuclear material in

the nucleus whiles the Eosin component stains the cytoplasmic material.

In the diagnosis and management of BC, pathologists routinely use H&E stained tissue slides.

Indeed, all BC grading systems are based on the examination of H&E slides (Gupta et al.,
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2019). Interpretation of H&E slides must therefore be done by trained histologists and
pathologists, taking into account patient history, clinical presentation and other laboratory

investigations.

1.6.3 Immunohistochemistry (IHC)

In histology, IHC is an immunoassay used to explore antigen (protein) presence in tissue
sections using specific antibodies. The principle is based on the interaction between antigens
and antibodies and ability to detect these interactions using various detection systems. IHC is a
multi-step process (Figure 1.6) starting from the theatre/clinic (sample collection) to the
laboratory and may therefore be influenced by several factors.

Tissue processing

Sample taken Tissue cut

d embedding 5 3
. oy up/gross o w Sectioning
in theatre/clinic 1 -~ w (e.g. Paraffin

embedding)

Validation, SlRNG
_ interpretation, follow up Routine H& E
Reporting h test requests, slide Special stains
archiving Immunohistochemistry

Figure 1. 6 Workflow in a typical histopathology laboratory.

The multi-step process begins with sample preservation (using formalin for example) and ends
with the release of a laboratory report for the requesting physician. Prepared slides can be re-
sectioned in cases where there is poor staining or for follow up test requests.

IHC evaluation of cancer tissue samples has led to development of treatment therapies in some
cancers. In breast cancer treatment and management, immunoreactivity of a panel of antibodies
(estrogen receptor, progesterone receptor, and human epidermal growth factor receptor 2) is

valuable in deciding treatment options (Dede et al., 2013; Xu, Guo, Jing, & Sun, 2018).
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A study of 93 BC patients have identified IHC as a potential tool for sub-classifying T1 tumours
(Mhawech, Iselin, & Pelte, 2002). Another has highlighted the immunohistochemical
characteristics in various disorders of the bladder (Rajcani et al., 2013).

1.7 Hallmarks of Cancer

A depth of knowledge, gained through intense research using tissue culture, animal models and
human tissues, has increased our understanding of tumourigenesis, treatment and subsequent

management of several human tumours.

Previous research has shown that tumourigenesis is a complex multi-step process of molecular
and genetic changes resulting in the conversion of normal tissue cells into malignant tumour
cells (Foulds, 1954; Nowell, 1976). Most of these tumour cells in humans have also been shown
to be traditionally linked with several rate limiting reactions or events (Balmain, Barrett, Moses,
& Renan, 1993).

Hanahan & Weinberg (2000) proposed a framework upon which the complex properties of
cancer could be clearly organised. This framework grouped cancer features into six broad
hallmarks (Figure 1.7);
> The ability of cancer cells to be self-sufficient in producing growth signals,
The ability to evade programmed self-death
Insensitivity to signals regulating cell growth

>

>

» Unlimited cell growth

» The ability of cancer cells to invade near and distant tissues and metastasis
>

Uncontrolled blood vessels production (angiogenesis) (Hanahan & Weinberg, 2000).

This research focussed on the role inflammation and angiogenesis play in BC recurrence and
progression and will be discussed in the next section (Hanahan & Weinberg, 2011; Mantovani,
2009).
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Evading Insensitivity to
apoptosis anti-growth signals

Sustained Tissue invasion
angiogenesis & metastasis

Figure 1. 7 Hallmarks of cancer.

The six initial hallmarks of cancer proposed by Hanahan and Weinberg are cells’ ability to
evade programmed death, uncontrolled angiogenesis, unlimited replicative potential, tumour
cells ability to invade underlying tissues and metastasis, ability to evade anti-growth signals
and ability to continuously produce growth signals. These complex multi-step processes are
exhibited by most tumour cells. Adapted from (Hanahan & Weinberg, 2000).

1.7.1 Sustained Angiogenesis

Angiogenesis (also loosely called angiopoiesis) refers to the production of new blood vessels
(Risau, 1997; Simons et al., 2018). It is an essential feature in organ formation and growth as
it ensures adequate distribution of nutrients and oxygen to all cells or tissues (Potente &
Carmeliet, 2017).

There is evidence, from earlier research, that normal endothelial cells lack the ability (they are
quiescent) whereas early cancer cells acquire the ability to induce angiogenesis (Bouck,
Stellmach, & Hsu, 1996). In conditions such as diabetic retinopathy, psoriasis and rheumatoid
arthritis, increased angiogenesis has been implicated in disease development and severity
(Colville-Nash & Scott, 1992).
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In tumour pathology, angiogenesis is an essential hallmark for tumour growth in which tumour
cells are unable to grow in the absence of new blood vessels (Folkman, 1971; Potente &
Carmeliet, 2017).

The so called ‘angiogenic switch’, which refers to positive and negative angiogenic signals has
been extensively discussed in a bid to explain angiogenesis (Baeriswyl & Christofori, 2009;
Huijbers et al., 2016). Angiogenic signals may be initiated by soluble factors or receptors
located on the surfaces of endothelial cells resulting in the deregulation of cell-cell and cell-
matrix interactions. Examples of positive angiogenic signals are VEGF, FGF and MMP which
may interact with receptor tyrosine kinases found on the surfaces of endothelial cells
(Kessenbrock, Wang, & Werb, 2015; Liang & Ferrara, 2016). Angiogenesis can also be
inhibited or stopped in the presence or through the activities of several negative factors or

inhibitors, such as thrombospondin-1 (Moens, Goveia, Stapor, Cantelmo, & Carmeliet, 2014).

With regards to angiogenesis and vascular permeability, VEGF-A, together with receptor
tyrosine kinases (VEGFR-1 and VEGFR-2) are the most prominent and have been extensive
studied (De Palma, Biziato, & Petrova, 2017). VEGF-A has been shown to induce angiogenesis,
vascular permeability and cell migration by activating VEGFR-1 and VEGFR-2 (Shibuya &
Claesson, 2006) (Hanahan & Weinberg, 2011).

There is also a strong association between VEGF and the extracellular matrix. Indeed
Hardbower, de Sablet, Chaturvedi, & Wilson (2013) have observed that inactive forms of
VEGF ligands located within the ECM may be activated by collagenases such MMP-9. This
link between ECM degradation and VEGF signalling further highlights the role angiogenesis

plays in tumour progression.

Another important proangiogenic factor that plays an important role in tumour development
and progression is FGF and its receptors. These factors and receptors sustain angiogenesis in

tumours through positive angiogenic signalling (Baeriswyl & Christofori, 2009).

The activities of anti-angiogenic proteins in the behaviour of malignant cells have been
identified as an opportunity to develop treatment therapies. In genetically altered mice deficient
in tumstatin (an anti-angiogenic protein), there was an exponential growth in tumour size of
300% and a markedly increased microvessel density. Subsequent adjustment of tumstatin to

normal physiologic levels resulted in reduced tumour growth (Maeshima et al., 2000).

The significant links identified between angiogenesis and cancer have highlighted the need to
identify angiogenesis-associated biomarkers that can be used for managing human cancers.

With respect to BC, any identification of a potential biomarker that can be utilised for
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management or monitoring initial treatment outcome, can enhance patient care since there are

currently no routinely used biomarkers for that purpose.

1.7.2 Inflammation

An inflammatory response may be initiated by external influences such as microbes or toxins
and internal influences such as necrotic tissues. These influences initially result in dilation of
blood vessels, increased vascular permeability and recruitment of host defence mediators and
cells such as dendritic cells, macrophages and mast cells, to the site of inflammation (Balkwill
& Mantovani, 2012).

Due to advances in technology, most of the principal characteristics of inflammation can now
be explained. For example, during tissue injury or microbial infection, activation of
inflammatory molecules such as cytokines, enzymes, nitric oxide and TNF eventually lead to
dilation of blood vessels. This fundamental change is believed to be the cause of redness, heat
and swelling of inflamed tissues (Munn, 2017). Table 1.8 lists some mediators of inflammation,
their sources of production as well as their functions.

Table 1. 8 Mediators of Inflammation.
(Barden et al., 2018; Dmitrieva, Shilovskiy, Khaitov, & Grivennikov, 2016).

Mediators Source Effect on inflammation
. . Mast cells, basophils, Vasodilation, increased permeability,
Histamine . .
platelets endothelial action
Prostaglandins Mast cells, leucocytes Vasodilation, pain, fever

Increased permeability, chemotaxis,

s it ol VB leucocyte adhesion, leucocyte activation

Cytokines (TNF, IL- | Macrophages, endothelial Endothelial activation (immunoreactivity of

1, IL-6) cells, mast cells adhesion

Chemokines Leucocytes, mast cells Chemotaxis, leucocyte activation

Platelet activation Vasodilation, increased permeability,
Leucocyte, mast cells .

factor leucocyte adhesion,

Complement Plasma chemotaxis and activation

Direct target killing, vasodilation, leucocyte

Ever since the relationship between inflammation and cancer was identified in 1863 by Rudolf
Virchow, researchers have frequently located inflammatory cells within tumour biopsies
(Figure 1.8) and observed that a high number of tumours occurred in areas associated with
chronic inflammation (Balkwill & Mantovani, 2001). Furthermore, increased presence of
microRNAS, cytokines, prostaglandins and other molecules are known to cause angiogenesis,

genetic mutations and cell proliferation (Munn, 2017; Schetter, Heegaard, & Harris, 2009).

Importantly, inflammation has been shown to enhance several other cancer hallmarks. For

example, inflammation can enhance the function of growth factors involved in proliferative
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signalling, whilst in other instances, it can stimulate the production or secretion of positive
angiogenic signals leading to increased tumour growth, invasion and metastasis (Li et al., 2019;
Presta, Foglio, Churruca Schuind, & Ronca, 2018; Savant, Sriramkumar, & O'Hagan, 2018).

Indeed some estimates indicate that infections and inflammatory responses account for about
15-20% of cancer mortalities worldwide (Aggarwal, Vijayalekshmi, & Sung, 2009; Parkin,
2008).

During chronic inflammation, several initiators have been implicated in the development of
cancer. For example, chronic inflammation arising from a Helicobacter pylori microbial
infection has been implicated in gastric cancer (Hardbower et al., 2013) whilst prostatitis, an
inflammatory condition increases the risk of prostate cancer (Doat et al., 2018; Perletti et al.,
2017).

Even though most research into inflammation-related cancer has focussed on the tissue
microenvironment and tissue immunoreactivity of inflammatory proteins, there is renewed
effort to identify serum-based inflammatory markers. In this approach, presence of CRP,
CXCL9/MIG, CRP and serum amyloid A have been associated with an increased risk of lung
cancer (Shiels et al., 2015). In ovarian cancer, an assessment of prognostic inflammation score
can be evaluated using serum albumin, lymphocyte and neutrophil concentration (Wang et al.,
2016a).

This research will assess the importance of various serum and tissue-based inflammatory

markers in identifying BC recurrence and progression.
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Chronic inflammation,
infection and
autoimmunity

Figure 1. 8 Types of Inflammation in tumour development.

Presence of inflammatory cells within tumour microenvironment may be caused by different
types of inflammation. Chronic inflammation (potentially due to infection or autoimmunity)
has downstream effects such as angiogenesis, genetic instability etc. other types of
inflammation such as tumour-associated inflammation, therapy-associated inflammation and
inflammation due to diet and other environmental factors may lead to angiogenesis, promote
tumour growth and genetic instability. Adapted from (Balkwill & Mantovani, 2001; Coussens
& Werb, 2002; Mantovani, Allavena, Sica, & Balkwill, 2008)

1.8 Biomarkers in BC

The identification and utility of any Biomarker for the diagnosis or management of any
pathological condition relies on intense research, optimisation and validation of the biomarker.
Figure 1.9 highlights some of the steps involved in biomarker discovery.
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» RELEVANT REGULATORY
GUIDELINES

Figure 1. 9 Processes involved in Biomarker discovery

Biomarker discovery is a multistep process beginning with research, validation, approval,
regulation and utility.

Anti-cancer mechanisms have been developed by studying the various hallmarks possessed by
cancer cells (Hanahan & Weinberg, 2000). This approach may also be used to develop methods

for the screening, diagnosis, prognosis and management of BC.

In the absence of an ideal biomarker for BC diagnosis, a combination of urine cytology,
histological observation and imaging techniques are being employed to diagnose BC.
Cytological/histological examination is also used in monitoring recurrence and reaction to

treatment but only as a supplement to cystoscopy (Babjuk et al., 2017).

1.8.1 Inflammatory biomarkers in BC

Even though the roles of inflammation in various cancers have been extensively researched,
understanding of its role in NMIBC development, recurrence prediction or progression is not
as vast. Several inflammatory biomarkers of interest to this research will be discussed. These

will include novel serum and tissue-based biomarkers undergoing research and validation.

1.8.1.1 Interleukin 6 (IL-6), Interleukin 8 (IL-8) and Tumour Necrosis Factor-a (TNF-a)

Cytokines are low molecular weight proteins usually released by white blood cells in response
to stimuli. Even though their roles vary, their main function is to help build up host defence to
infection or disease. Various proteins such as chemokines, interferons, interleukins, growth
factors and tumour necrosis factors make up cytokines (Bridge, Lee, Daud, Wells, & Bluestone,
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2018). Depending on their function, some may be classified as proinflammatory (e.g. they
activate/sustain inflammation) or anti-inflammatory (e.g. they deregulate cells that promote
inflammation) (Sathishkumar et al., 2016; Zhu, Miao, Zhu, Wang, & Zhou, 2017b).

IL-6 is a proinflammatory cytokine that may be produced in response to inflammation, immune
response or malignancy (Bridge et al., 2018; Gasche, Hoffmann, Boland, & Goel, 2011). Its
proinflammatory functions include promotion of the JAKL/STAT3, MAPK and PI3K pathways
(Colomiere et al., 2009; Coquet, Rausch, & Borst, 2015; Wang et al., 2015). It plays a
significant role in regulating CRP levels and bone metabolism and is located on the long arm

of chromosome 7 and contains 184 amino acids (Bowcock et al., 1988).

Interactions between IL-6 and its receptor (IL-6Ra) in the tumour microenvironment, leads to
activation of signalling pathways such as JAK/STAT3 (Colomiere et al., 2009). Through a
complex series of reactions, this activation results in increased cell proliferation, cell migration,

angiogenesis and tumour cell survival (Abubaker et al., 2014; Wang et al., 2012b).

An important proinflammatory role of IL-8 is activation of G proteins involved in signalling
pathways. One of these pathways is the mitogen-activated protein kinase (MAPK) which
imparts on cancer cells, the ability to multiply and spread into other tissues (Karashima et al.,
2003).

The gene encoding TNF-a is located on chromosome 6 and has sometimes been called a
tumour-promoting agent due to its role in cell survival (Balkwill, 2002). When activated
through Toll-like receptors, TNF-o initiates an inflammatory process leading to the

release/arrival of other inflammatory markers at the source of stimuli (Beutler, 1999).

The prevalence of inflammation at the site of the tumour could initiate angiogenesis since
proinflammatory cells as well as growth and angiogenetic factors will be activated (Colomiere
et al., 2009). In BC tissues, some researchers have observed an increased presence of
inflammatory infiltrates compared with normal bladder control tissues (Cresswell, Robertson,
Neal, Griffiths, & Kirby, 2001).

There is currently a heightened interest to identify biomarkers for the management of BC with
many studies being published. However, there is a difficulty in translating research into useful
clinical value, hence the continuous reliance of imaging techniques such as cytology. Promising
results have been observed in serum and genetic examinations of CRP and other inflammatory

markers in MIBC. Similar results are however lacking in NMIBC patients undergoing TURBT.
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1.8.1.2 Cyclooxygenase 2 (COX-2)

Cyclooxygenase-2 (COX-2) also known as prostaglandin-endoperoxide synthase 2 (PTGS2) is
an enzyme homodimer (70kda each) which plays important roles in the inflammatory response
(Yu & Kim, 2010). It is an important enzyme involved in the production of prostaglandins
through the conversion of arachidonic acid. This pathway of conversion leads to the formation
of several prostaglandins which are involved in many physiological as well as pathologic
processes in humans (Mead, Alfin-Slater, Howton, & Popjak, 1986).

One of the earliest prominent studies linking COX-2 with inflammation were murine studies in
which elevated COX-2 immunoreactivity resulted in higher PG levels in inflamed joint tissues
(Anderson et al., 1996).

In cell culture, proinflammatory activities of COX-2 have been reported. Specifically,
proinflammatory factors such as IL-1, LPS and TNF-a can induce COX-2 immunoreactivity
whilst its levels are reduced in the presence of anti-inflammatory factors like 1L-4 and IL-13
(Crofford, 1997).

Inhibition of COX-2 activities have been exploited for the development of therapeutic
interventions in BC. In this regard, many large studies have reported a significant reduction
(40-50%) in colorectal cancer risks due to aspirin and NSAID use (Giovannucci et al., 1995;
Giovannucci et al., 1994). Aspirin and NSAID are drugs, which inhibit inflammation by
controlling COX-2 activities.

In a study of 40 tissue samples from patients with BC, significantly higher COX-2
immunoreactivity rates were reported in both MIBC (86%) and NMIBC (78%) (Mohammed et
al., 1999).

In a recent study, the immunoreactivity of COX-2 was evaluated in 40 patients with colorectal
cancer. In comparison to normal tissues, they observed significantly higher COX-2
immunoreactivity in colonic adenocarcinoma sample tissues. Furthermore, high stage and high
grade patients presented with high staining intensity and percentage of tumour cells (Hedaya,
Helmy, Ezzat, & Hammam, 2015).

In another study, COX-2 immunoreactivity was studied in a retrospective study of 183 patients
with endometrial carcinoma. In 68% of the patients, COX-2 immunoreactivity was increased
and this was also associated with tissue differentiation, stage and myometrial invasion depth
(p< 0.05)(Cai, Zhang, Han, & Ding, 2017)
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1.8.1.3 Macrophage Inflammatory Protein-2 (MIP-2)

The macrophage inflammatory protein 2 (MIP-2) is also know by several names such as
chemokine (C-X-C motif) ligand 2 (CXCL-2), growth regulated protein beta or gro-oncogene
2. MIP-2 belongs to the CXC chemokine ligand family and thus play various important
functions in inflammation, angiogenesis, leucocyte migration, and tumourigenesis (Kollmar,
Menger, & Schilling, 2006; Luster, 1998). It is released by monocytes, macrophages, epithelial
cells and stem cells (David et al., 2017; Ohtsuka, Lee, Stamm, & Sanderson, 2001a).

During inflammation and in the presence of the right stimuli (such as IL-1a), epithelial cells
release MIP-2. The presence of MIP-2 creates an environment for the recruitment/activation of
neutrophils to the site of inflammation (Proudfoot et al., 2003). Leucocyte activation is thought
to occur when bound to G protein-coupled transmembrane receptors (CXCR). This binding of
a chemokine to CXCR causes leucocytes to move towards the site of inflammation (Rot &
Andrian, 2004).

Using Murine studies Ohtsuka, Lee, Stamm, & Sanderson (2001b) observed a significant link
between the release of MIP-2 by intestinal epithelial cells and an enhanced recruitment of
neutrophils. This study, demonstrated a clearer insight into the role of intestinal epithelial cells

in immune regulation of the mucosa.

A recent study investigated the relationship between myeloid-derived suppressor cells and BC
prognosis (Zhang et al., 2017). They observed that, in BC cells with high MIP-2
immunoreactivity levels, there was an associated increase in CD33+ myeloid-derived
suppressor cells. Furthermore, patients with tumour-associated myeloid-derive suppressor cells
presented with high circulating MIP-2 levels compared with healthy controls (Zhang et al.,
2017).

In another study, tumour cells and tumour-associated fibroblasts in breast carcinoma cell lines
secreted higher MIP-2 levels whiles increased immunoreactivity of CXCR-2 (which possesses
anti-proliferative properties), resulted in low MIP-2 secretion (Erin, Nizam, Tanriover, &
Koksoy, 2015).

With regards to BC, there is limited research highlighting the role MIP-2 plays in cancer
recurrence and progression. Although a large body of evidence exists which links MIP-2 to
tumour-associated angiogenesis, most of this information was obtained from animal models
and cell culture techniques. This present study therefore seeks to provide more information by
identifying changing levels of serum MIP-2 in patients undergoing TURBT for the treatment
of BC.
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1.8.1.4 Thrombomodulin

Thrombomodulin as a 74kDa membrane receptor expressed on endothelial cells with important
roles in physiological coagulation (Esmon, Owen, & Esmon, 1982; Greineder et al., 2017).
Thrombomodulin also plays several essential roles in inflammation and cancer promotion
(Greineder et al., 2017; Song et al., 2018).

The effects of Thrombomodulin activity in cancer have been linked to its roles in
anticoagulation, anti-inflammation and tissue adhesion and proliferation (Figure 1.10) (Wu,
Chang, Lin, Chen, & Chen, 2014).

Several research studies using cell lines, animals and human tissue samples, have highlighted
a link between Thrombomodulin and cancer (Chang et al., 2016; Shirai et al., 2017; Wu et al.,
2014; Yang, Cheng, & Lu, 2017). In a recent research study using lung cancer cell lines (95D
& SPC-A-1), an increased immunoreactivity of Thrombomodulin was observed. This high
immunoreactivity of Thrombomodulin resulted in a lower tumourigenic potential of the lung
cells as well as a reduced colony forming potential. The researchers further reported a reduction
in cell invasion and migration in cells that had high Thrombomodulin immunoreactivity (Zheng
etal., 2016).
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Figure 1. 10 Role of Thrombomodulin and its association with BC. (Adapted from Wu et
al., 2014)

In a research study of 100 patients (60 with MIBC and 40 with NMIBC) and 4 BC cell lines
(HT1376, HT1197, T24 & J82), (Wu et al., 2014) reported an inverse relationship between
Thrombomodulin immunoreactivity and cell invasion in vitro. When Thrombomodulin
silencing vector was introduced in to HT1376 and HT1197 cell lines, which traditionally have
a high Thrombomodulin rates, higher rates of cancer invasion were observed in vivo. In mice,
higher tumour implantation rates and bigger tumour sizes were observed when a similar

silencing vector was introduced (Wu et al., 2014).

These studies demonstrate an association between thrombomodulin and cancer and warrants

further investigation.

1.8.1.5 S100 Calcium binding protein P (S100P)

The S100 proteins are associated with roles in cellular processes like regulation of cell cycle,
growth, transcription and differentiation (Jiang et al., 2016). These proteins may be localised

in different cellular compartments and are activated and relocated through calcium activation.
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The S100P is a 10 kDa protein which was initially purified from placenta tissue (Emoto,
Kobayashi, Akatsuka, & Hidaka, 1992).

It is thought that, when secreted, S100P may have paracrine or autocrine signalling effects
(Gibadulinova, Tothova, Pastorek, & Pastorekova, 2011) while cellular immunoreactivity of
S100P may interact with growth factors, receptors leading to several effects such as
proliferation (Jiang et al., 2016)

The association between S100P and cellular processes such as cell survival, proliferation,
tumour invasion and angiogenesis have been studied by various researchers (Guo et al., 2014a;
Jiang et al., 2016; Liu et al., 2017; Tabrizi et al., 2018).

Several experimental studies showed that S100P, involved in processes of proliferation,
survival, angiogenesis and metastasis, may contribute to development of a malignant phenotype
(Wang et al., 2006; Surowiak et al., 2007).

In a study of 68 patients with transitional cell carcinoma (TCC), S100A8 was significantly
immunoreactive in TCC tissues than normal tissues (P=0.05). Comparing the various stages,
there was 78.9% immunoreactivity in pT2-pT4, 46.9% in pTa-pT1, 29.2% in low grade
PUNLMP and 70.5% in high grade PUNLMP. Immunoreactivity also correlated with
increasing stage and grade (Cui, Shi, & Xu, 2012).

Another study using a sample size of 90 employed two dimensional electrophoresis, mass
spectrometry, western blots and ELISA and reported a significant difference between
S100A8/S100A9 levels in low grade and high grade bladder tumours (Bansal, Gupta,
Sankhwar, & Mahdi, 2014).

1.8.1.6 sCD40L

CD40 ligand (CD40L) is a 33kDa transmembrane protein member of the larger TNF
superfamily and usually located on the surfaces of platelets, activated B and T cells (van Kooten
& Banchereau, 2000). Under certain conditions, such as inflammatory response during immune
activation, it may also be expressed on the surfaces of basophils, mast cells and NK cells
(Blumberg, Gettings, Turner, Heal, & Phipps, 2006).

As a costimulatory molecule, CD40L interaction with CD40, has been shown stimulate the
functions of endothelial cells, B cells and other cells located within the vascular network
(Blumberg et al., 2006). Indeed it has been suggested that the CD40/CD40L network may
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contribute to endothelial cell and germinal cell B cell survival in both physiological and

inflammatory conditions (Bishop, Moore, Xie, Stunz, & Kraus, 2007)

Through induction of the so-called Tumour necrosis factor receptor-associated factors
(TRAFs), the CD40/CD40L complex plays further downstream roles in various pathways such
as the MAPK pathway and the phosphoinositide 3-kinase (PI3K) pathway (Bishop et al., 2007;
Séemann et al., 2003).

In tumour pathology, CD40/CD40L-associated regulation of tissue factor on endothelial cells
is one of the fundamental associations between CD40L and potential cancer growth and
metastasis. In this regard, (Miller, Yaron, & Yellin, 1998) have reported that, CD40L-related
activities resulted in increased immunoreactivity of tissue factor in human umbilical vein

endothelial cells.

In a study of 139 patients with hepatocellular carcinoma undergoing liver transplantation,
higher pre-operative SCD40L serum levels were associated with patients who did not survive

following transplantation (Lorente et al., 2018).

1.8.1.7 Angiopoietin-2

Angiopoietin-2 is an angiogenic mediator expressed on the surfaces of endothelial cells and on
monocytes (Lefere et al., 2018). Angiopoietin-2 activity may be influenced by the presence of
VEGF through tissue remodelling and increased vascular vessel diameter. Indeed, it has been
demonstrated that when VEGF is absent, angiopoietin-2 causes cell death and suppressed breast

cancer proliferation (Liang, Li, & Chung, 2017).

Through its receptor (TIE-2), it has been suggested that angiopoietin-2 initiates angiogenesis
by enhancing growth and proliferation of endothelial cells (Ju et al., 2014). Due to their roles
in inflammation, high serum levels of both angiopoietin-2 and TIE-2 have been observed in

several inflammation related conditions (van Sleen et al., 2019; Yang et al., 2018b).

In a study of 117 BC patients and 64 healthy controls, preoperative serum angiopoietin-2 and
TIE-2 were analysed. Even though there was no correlation between serum angiopoietin-2
levels and tumour stage or grade, serum TIE-2 levels were significantly higher in NMIBC
compared to patients with MIBC. Furthermore, angiopoietin-2 and TIE-2 levels were lower in

BC patients compared to healthy controls (Szarvas et al., 2008).

It can therefore be appreciated that, even though angiopoietin-2 also has inflammatory

functions, its role in potential tumour growth is of interest to this present study.
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1.8.1.8 Osteopontin

Initial isolation and characterisation of Osteopontin was performed by studying secreted
proteins from malignant mammalian cells (Senger, Wirth, & Hynes, 1979). When initially
secreted, it occurs as a 34kDa glycoprotein before undergoing transformation into a 40 to 75
kDa protein in various cells (Wei, Wong, & Kwok, 2017). Although Osteopontin plays a key
role in biomineralization when highly immunoreactive in osteoblasts (Giachelli & Steitz, 2000),
it has also been involved in chronic inflammation (Lund, Giachelli, & Scatena, 2009) and
regulation of cell-cell interactions (Villanueva et al., 2019). It is therefore a multifunctional
protein involved in several physiological and pathological processes. However, this research

will focus on its role as an inflammatory marker involved in tumour growth.

In a research study (n= 241), an assessment of osteopontin immunoreactivity revealed a
significant association with MMP-3 in ovarian cancer. In that study, the presence of osteopontin
and MMP-3 were indicators of early disease progression in ovarian cancer (Fisher, Jain,
Tayback, & Fedarko, 2004). Indeed earlier research has shown that osteopontin activates
proteolytic functions of MMP-3 when they are expressed together (Fedarko, Jain, Karadag, &
Fisher, 2004). These activities further highlight the angiogenic potential of osteopontin and
MMPs (Hirama et al., 2003)

In a study of 72 patients with TCC, plasma osteopontin concentrations were significantly
increased in TCC patients compared to normal controls. Within patients with TCC, those
presenting with metastasis and high stage cancers, had higher osteopontin concentrations

compared to other groups (Ang, Chambers, Tuck, Winquist, & lzawa, 2005).

There is currently limited research about changes in Osteopontin concentration in BC patients
following treatment. This therefore, warrants further study and could potentially be used as part
of a biomarker profile for the management or monitoring of BC patients after TURBT

treatment.

1.8.2 Growth and Angiogenic markers in BC

1.8.2.1 Epidermal growth factors/ receptors (EGF, EGFR) and human epidermal
growth factor receptor 2 (HER-2)

This family of growth factors are part of the larger family of tyrosine kinase receptors.
Physiologically, they are involved in the regulation of cell growth and regeneration by
influencing signalling pathways (Alexander et al., 2014; Pereira, Bersano, Rocha, & Lopes,
2018).
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Earlier researchers identified a higher immunoreactivity of EGFR in high grade BC
(Korkolopoulou et al., 1997; Wright et al., 1991). Some studies also found a higher progression
and fatality rate in patients presenting with significantly elevated levels of EGFR in tissues
(Lipponen & Eskelinen, 1994; Liukkonen et al., 1999).

The human epidermal growth factor receptor 2 (HER-2) is also called CD340 or Erbb2 (when
isolated in rodents) or HER-2/neu or ERBB2 (when isolated in humans) (Igbal & Igbal, 2014;
Riese & Stern, 1998). Earlier original studies by various research groups observed that HER-2
is structurally dissimilar to the EGFR and is found on the longer arm of chromosome 17 where
it encodes for an 185kDa transmembrane protein (Coussens et al., 1985; Semba, Kamata,

Toyoshima, & Yamamoto, 1985).

As an oncogene, HER2 over-amplification causes tumourigenesis due to activation of
signalling pathways such as MAPK (Siddiga, Long, Li, Marciniak, & Kazhdan, 2008; Wang et
al., 2016b).

Research using animal models, has provided significant information about the relationship
between HER-2 immunoreactivity pattern and tumour development. (Muller, Sinn, Pattengale,
Wallace, & Leder, 1988) reported an increased rate of breast adenocarcinoma in transgenic
mice with mutated HER-2 genes. In a similar study, increased tumourigenesis was reported in
nude mice in the presence of high HER-2 immunoreactivity or over amplifications of a HER-
2/neu gene (Hudziak, Schlessinger, & Ullrich, 1987).

In human pathology, HER2 gene amplification and higher protein immunoreactivity occurs in

about 25% of people with metastatic breast cancer (Blackwell et al., 2012).

In a recent study, (Hammam et al., 2015) reported higher HER-2 immunoreactivity in high
grade and high stage BC compared to low grade.

Two treatment strategies exploiting HER-2 immunoreactivity using IHC FISH, have been used
in the management of breast cancer. One of these strategies target HER-2 positive tumours with
specific anti-HER-2 antibodies; e.g. Trastuzumab (Slamon et al., 2001; Smith et al., 2007).
These improved statistics in breast cancer management through HER-2 targeted protocols
provided evidence that more research on HER-2 could lead to strategies that are more

successful.

The second HER-2 related treatment strategy in breast cancer management aims to reduce cell
proliferation and increase apoptosis using oral tyrosine kinase inhibitors. These inhibitors such

as neratinib, afatinib and lapatinib bind the cytoplasmic domain of the HER-2 structure and
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reduces subsequent phosphorylation and signal transduction (Blackwell et al., 2010; Gril et al.,
2008; Rabindran et al., 2004).

1.8.2.2 Vascular endothelial growth factors

The vascular endothelial growth factors (VEGFS), together with their receptors have been
widely studied and are known to play various critical roles in normal physiology and disease
states (Shigetomi et al., 2018). They have been implicated in vasculogenesis and angiogenesis
(Benjamin, Golijanin, Itin, Pode, & Keshet, 1999; Gerhardt et al., 2003).

About 7 genes encode for the VEGFs, however the main factors are VEGF-A, VEGF-B, VEGF-
C, placental growth factor (PLGF) and VEGF-D (Figure 1.11). With regards to the receptors,
three main receptors have been identified ie VEGFR-1, VEGFR-2 and VEGFR-3 (Shibuya,

2011; Yang, Wang, & Ma, 2018a) (Figure 1.11).
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Figure 1. 11 The vascular endothelial growth factors and their receptors.

Summary of the three VEGF receptors and the factors they interact with. Their activities mostly
result in the induction of angiogenesis and lymphangiogenesis in many cancers. Adapted from
(Shibuya, 2011).

VEGF, which may also be called VEGF-A, was initially identified when researchers using
murine studies purified and studied fluids from tumours (Senger et al., 1983). Some Studies
have shown that VEGF-A plays important physiological roles such as enhancing vascular
permeability, angiogenesis and promoting cell migration in endothelial cells and macrophages

(Cartland, Genner, Zahoor, & Kavurma, 2016; Shibuya, 2011). The role of VEGF-A in the
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regulation of embryogenesis was highlighted in earlier studies. Cerdan, Rouleau, & Bhatia
(2004) reported that in the absence of a single copy of VEGF-A gene, embryos died
prematurely; highlighting the important role it plays in the vasculature.

In another study, Lee et al. (2007) investigated the role of VEGF-A and its receptors in the
functioning of vascular endothelial cells. They showed that in a healthy homeostatic state,
autocrine production of VEGF was needed to maintain normal functioning of the circulatory
system. They further observed that mice that had a genetic depletion of VEGF resulted in
endothelial degeneration, intravascular thrombosis and higher death rates in mutant mice (Lee
et al., 2007).

The most important signalling receptor for VEGF-A is the VEGFR-2, which is present on
endothelial cells and initiates cell migration and angiogenesis (Gerhardt et al., 2003). Due to
its role in tumourigenesis, inhibition of VEGF-A activity provides an opportunity for the

development of anti-cancer interventions (Drewes et al., 2012; Hurwitz et al., 2004).

VEGF-C and VEGF-D are mostly released as immature isoforms which can be proteolytically
cleaved to produce active forms (McColl et al., 2007). Their interactions with VEGFR-3 has
been shown to induce angiogenesis within lymphatic endothelial cells (Eroglu, Ersoz, Karasoy,
& Sak, 2017).

Even though VEGFR-3 immunoreactivity is usually located on endothelial cells within the
lymphatic system (Gerhardt et al., 2003) and has been mainly involved in lymphangiogensis
(Eroglu et al., 2017), some studies have observed that any inhibition of VEGFR-3 activity,

reduces Angiogenic sprouting and vascular network formation (Tammela et al., 2008).

Due to the high recurrence rates in BC, measurement of VEGF and their receptors may provide

useful for predicting recurrence and progression.

1.8.2.3 Basic fibroblast growth factor (bFGF)

The basic Fibroblast Growth Factor (bFGF), also known as Fibroblast Growth Factor-2 (FGF-
2) is a member of the larger FGF family of protein (Basilico & Moscatelli, 1992; De Palma et
al., 2017). These proteins are structurally similar and together with their receptors, are involved
in several physiological and pathological conditions (Okada-Ban, Thiery, & Jouanneau, 2000).
bFGF is a 13kda protein which was initially purified from bovine pituitary gland
(Gospodarowicz, 1975).

bFGF may be secreted or membrane bound and therefore has pleiotropic effects on several cells

and systems though complex signalling cascades, most of which are not fully understood (De
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Palma et al., 2017). Physiologically, bFGF is known to have mitogenic effects on fibroblast
cells, which usually occur in tissue remodelling and regeneration (Zhang et al., 2016).
Pathologically however, bFGF is suspected to have strong angiogenic properties especially in
tumour progression and invasion (Cartland et al., 2016; Sun et al., 2017). When produced by
mast cells located in the tumour microenvironment, bFGF together with other pro-angiogenic
regulators such as VEGFA, PLGF, MMPs and IL-6, promote proliferation of ECs, ECM
remodelling and angiogenesis (Harney et al., 2015; Lewis, Harney, & Pollard, 2016)

In 134 patients with endometrial cancer Dobrzycka, Mackowiak-Matejczyk, Kinalski, &
Terlikowski (2013), reported increased serum bFGF concentrations in cancer patients
compared with normal controls. They further reported a significant association between high
preoperative serum bFGF levels and shorter overall survival, suggesting that, bFGF could
potential be useful in assessing treatment outcome.

In BC, an earlier study using 32 patients observed high preoperative serum bFGF levels in high-
grade tumours and high-risk patients compared to normal controls (Gazzaniga et al., 1999).
Currently, there is limited research evaluating changes in serum bFGF concentrations in
patients undergoing TURBT for the treatment of BC.

1.8.2.4 Carcinoembryonic antigen-related cell adhesion molecule 1 (CEACAML1)

The CEACAM-1 is also known as biliary glycoprotein 1 or CD66a. Immunoreactivity of this
cell adhesion molecule has been observed in endothelial cells, epithelial cells and myeloid cells
of several human organ systems (Prall et al., 1996). The role of CEACAM-1 in inducing
angiogenesis has been studied using both in vivo and in vitro models (Kilic et al., 2005).
Specifically, in chicken embryos, CEACAM-1 presence was strongly associated with increased
vascularisation of the chorioallantoic membrane. Furthermore increased VEGF, a known pro-
angiogenic factor, induces CEACAM-1 immunoreactivity, highlighting its link with
angiogenesis (Ergin et al., 2000).

With regards to cancer, CEACAM-1 has been associated with tumour suppressor activities.
Specifically, this tumour suppressive function has been attributed to a cytoplasmic isoform of
CEACAM-1 (Kuespert, Pils, & Hauck, 2006). Using cell culture studies, tumour suppressive
properties of CEACAM-1 have been assessed. In DU145 prostate cancer cells, the presence of
CEACAM-1 significantly prevented tumourigenesis and tumour cell proliferation (Luo et al.,
1999).

Pathologically, CEACAM-1 activities have been implicated in cancer invasion and metastasis.

In oncology, several previous studies have reported a decreased immunoreactivity, down
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regulation or loss of CEACAM-1 immunoreactivity in tumour cells (Luo et al., 1999;
Neumaier, Paululat, Chan, Matthaes, & Wagener, 1993).

In a study of 48 patients with hepatocellular carcinoma, loss of CEACAM-1 immunoreactivity
was significantly associated with high grade and poor survival. In that study, although 25
hepatocellular carcinoma patients presented with CEACAM-1 immunoreactivity, this did not

have any relationship with patient outcome (Sha et al., 2012).

In another study of 139 patients with hepatocellular carcinoma, loss of CEACAM-1 within
tumour cells was strongly associated with high-grade tumours as well as cancer stage. There
was also a correlation between loss of immunoreactivity and short survival and tumour invasion
(Cruz, Wakai, Shirai, Yokoyama, & Hatakeyama, 2005).

Other studies have, however, observed increased CEACAM-1 immunoreactivity in cancer
cells. For example, high serum concentrations were reported in gastrointestinal cancer patients
compared to healthy controls. In that study, increased CEACAM-1 immunoreactivity was
observed within invasive tumours compared to other tissues (Zhou et al., 2017).

In another study, higher CEACAM-1 immunoreactivity was reported in gastric
adenocarcinoma compared to normal mucosa. High immunoreactivity was also linked with
lymph node metastasis and cancer stage and no association was observed between
immunoreactivity and tumour grade (Shi, Xu, He, & Xi, 2014).

1.8.2.5 Matrix metalloproteinases (MMPs)

The matrix metalloproteinases (MMPs), also known as matrixins, are a group of proteinases
playing various important roles in normal physiology such as angiogenesis, would healing, and

embryogenesis (Littlepage et al., 2010; Lv et al., 2018).

The MMP superfamily of proteinases are categorised into several groups based on their
substrates and structure and include gelatinases, collagenases, matrilysins, stromelysins,
membrane-type MMPs and other MMPs (Boyanton & Blick, 2002; Newby, 2005). For the
purposes of this research MMP-2, MMP-3 and MMP-9 will be discussed even though
inferences may be made to other MMPs.

MMPs possess a basic structure which contains a propeptide domain, a catalytic domain, a
linker peptide and hemopexin-like domains and may be grouped based on localisation,
sequence components, substrate specificity or associated motifs (Vihinen & Ké&héari, 2002).
MMP mediates degradation of the extracellular matrix (ECM) through processes such as

catalysation and proteolytic activities. ECM degradation undermines several normal
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physiological functions like embryogenesis, and tissue repair (Hadler-Olsen, Fadnes, Sylte,
Uhlin-Hansen, & Winberg, 2011; Hammam et al., 2015).

MMP-3 (also known as stromelysin-1) is categorised in the same group as MMP-10, MMP-11
and MMP-12. MMP-2 and MMP-9 are also known as gelatinase-A and gelatinase-B,
respectively. They have a significant association with tumour invasion and play important roles

in the degradation of the basement membrane(Newby, 2005).

In pathology, MMP-related degradation of the ECM has resulted in conditions such as
periodontitis, osteoarthritis and cancer (Boyanton & Blick, 2002; Slamon et al., 2001). Indeed,
increased ECM degradation of the vasculature, due in part, to the activity of MMP, plays a part
in cardiovascular conditions such as heart failure, atherosclerosis, aneurysms etc (Newby, 2005;
Spinale, 2002).

There is evidence that MMP-2 is initially produced as an inactive proMMP-2 and forms a
complex with TIMP-2. Through a series of complex steps, MTI-MMP interactions occurring
within their hemopexin domains lead to activation of proMMP-2 on cell surfaces (Nagase,
Visse, & Murphy, 2006). Some reviews have also highlighted a relationship between proMMP-
2 activation and TIMP-3 although the significance of this association is not clearly understood
(Vihinen & Kahari, 2002).

In pathological states, both earlier and current studies on the activities of MMPs have
highlighted a significant relationship with tumourigenesis, tumour vascularisation, disease
severity etc (Masson et al., 2005; Sinnamon, Carter, Fingleton, & Matrisian, 2008; Wu, He,
Zhao, & Wang, 2018).

(Sinnamon et al., 2008) observed reduced intestinal tumourigenesis in MMP-9 deficient mice
compared to littermate controls. In a study using 2 animal models,(Masson et al., 2005) reported
an increased immunoreactivity of MMP-9 by neutrophils principally located within the tumour
microenvironment. They further reported that in mice deficient in both MMP-2 and MMP-9,
there was no tumour angiogenesis and invasion was minimal. A more recent study of two mouse
models reported that, even though there was lower tumour angiogenesis and tumour growth in
genetically deficient MMP-9, there was an increased rate of tumour invasion. In that study, they
also observed an increased presence of inflammatory cells caused by the increased tumour

invasiveness due to MMP-9 deficiency (Shchors et al., 2013).

Similarly, in MMP-2 deficient mice, several researchers have reported adverse disease effects.
For example, there was a reduced retinal angiogenesis in MMP-2 deficient mice (Ohno-Matsui
et al., 2003). In choroidal neovascularization, MMP-2 protein was highly immunoreactive
within tumours in wild-type mice compared to MMP-9 deficient mice (Berglin et al., 2003).
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These findings indicate that the absence of these MMPs seems to reduce tumour growth and

reduces disease severity.

In colorectal cancer tissues, a study observed high MMP-2 immunoreactivity compared with
adjacent noncancerous tissue (Deng et al., 2017). They also observed a significant relationship
between MMP-2 immunoreactivity and reduced overall survival. In a large study of 939
patients with BC, Chan et al. (2017), also reported a significant relationship between MMP-2

immunoreactivity and progression-free survival and a shorter overall survival.

In a recent study, protein and gene expressions of MMP-2, MMP-9 and TIMP-2 were evaluated
in 50 patients. It was observed that in both urine and blood samples, there was high
immunoreactivity of both MMP-2 and MMP-9 in patients with malignant disease compared
with patients with non-malignant diseases and healthy controls (Fouad, Salem, Ellakwa, &
Abdel-Hamid, 2018).

Since MMPs can be secreted or membrane-expressed, several laboratory methods can be used
for their measurement. In this present study, we studied serum MMPs using a modified ELISA

technique (bioplex Luminex technique).

1.8.2.6 SOX-2

SOX-2 (Sex determining region Y box-2), is a member of the sex determining Y -related high
motility box (SOX) family. It is a transcription factor and plays important roles in the
development of embryonic stem stems and other growth processes (Masui et al., 2007; Sarkar
& Hochedlinger, 2013).

In oncology, increased SOX-2 immunoreactivity has been reported in different cancer types. In
cervical squamous cell carcinoma (SCC), SOX-2 was observed to be highly immunopositive
in the SCC tissues compared with normal cervical tissues (Chang et al., 2015). In non-small
cell lung cancer, SOX-2 was reported to be a sensitive diagnostic marker of squamous cell

carcinoma (Tsuta et al., 2011).

The association between SOX-2 and BC was investigated by (Kitamura et al., 2013). In a
comprehensive study which included IHC, gene analysis and transfection studies, they
observed a significantly increased association between SOX-2 and BC. Specifically, when nude
mice were transplanted with highly purified Cancer stem cells, SOX2+ cells exhibited higher

tumourigenic ability compared to SOX2- cells (Kitamura et al., 2013).

In another study of SOX-2 related cancer activities in both human and mouse tissues, (Zhu et
al., 2017a) observed that tumour cells reactive to anti-SOX-2, contributed to increased BC

tumour proliferation.
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In the light of our current understanding of SOX-2 activities in cancer, it may be utilised as a

prognostic tool or therapeutic intervention.

1.8.2.7 Follistatin

Follistatin is a regulatory glycoprotein associated with tissue repair, inflammation and
embryogenesis. The regulatory functions of follistatin are mainly achieved through its bind to
activin (Stamler et al., 2008).

In cancer cell lines, studies have highlighted the inhibitory effects of follistatin binding to
activin. Specifically, in breast cancer, follistatin indirectly suppresses tumour proliferation by

inhibiting the activities of activin (An et al., 2017; Razanajaona et al., 2007)

Serum follistatin levels were significantly higher in ovarian cancer patients compared to normal
controls in a study by (Ren et al., 2012). Relatively high sensitivity and specificity observed in
that study suggested possible use of follistatin as a biomarker for ovarian cancer.

In a recent study using both cell lines and human tissues, (Zabkiewicz, Resaul, Hargest, Jiang,
& Ye, 2017), demonstrated that increased follistatin cell immunoreactivity and high serum
levels are significantly associated with reduced invasion and better survival at 5 years.

1.8.2.8 CD31

CD31, also called platelet endothelial cell adhesion molecule-1 (PECAM-1), is a 140kDa
protein located on chromosome 17 usually localised on the surfaces of neutrophils, monocytes,
platelets and endothelial cells (Righi et al., 2003; Stockinger et al., 1990; van Mourik, Leeksma,
Reinders, De Groot, & Zandbergen-Spaargaren, 1985).

Physiologically, CD31 plays various roles in angiogenesis, leucocyte migration and activation
of integrins (O'Brien, Lim, Sun, & Albelda, 2003). CD31 may be secreted, membrane bound
or localised intracellularly but it is most importantly utilised as a marker of angiogenesis by
evaluating its immunoreactivity on the surfaces of endothelial cells (Deliu et al., 2016; Qian,
Yang, Zhao, Chen, & He, 2018).

Since its discovery in 1990 (Stockinger et al., 1990), more research has focussed on
understanding CD31 as a pro-inflammatory protein by studying its effect in leucocyte
transmigration. CD31 is believed to enhance leucocyte migration towards localised
inflammation and injury, by regulating cell motility and directionality in an adhesion cascade
(Wu, Stabach, Michaud, & Madri, 2005). CD31 located on endothelial cells may also interact
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either directly with CD31 located on leucocytes or indirectly with the help of neutrophil CD177
(O'Brien et al., 2003).

Further insight into the role CD31 plays in promoting angiogenesis in human tumours has been
provided in an earlier study by (Cao et al., 2002). Using a mouse model transfected with skin
cancer, they observed reduced vessel density in human skin tumours when CD31 was absent.
Furthermore, when antibodies against CD31 were present, tube formation was truncated in

human umbilical vein endothelial cells.

El Gehani et al. (2011) analysed the immunoreactivity of CD31 in 42 BC samples and measured
their association with tumour angiogenesis using microvessel density. They reported
significantly increased CD31 immunoreactivity in BC tumour cells compared to bladder
tissues. More importantly, there was increased angiogenesis in invasive tumours compared to

non-musical invasive tumours.

The roles CD31 plays in angiogenesis and the inflammatory cascade has generated several
research interests in terms of disease pathogenesis. In 82 patients with TCC of the renal pelvis,
immunoreactivity PECAM-1 and two other proteins (p53 and MIB-1) were recently evaluated
using tissue microarrays (Garcia-Tello et al., 2014). Significant correlations were reported
between factors such as PECAM-1 immunopositivity (p= 0.0036) and worst cancer specific
survival. However, PECAM-1 immunoreactivity was not identified as a primary predictor of

prognosis (Garcia-Tello et al., 2014).

In colorectal cancer, an assessment of the role of CD31 in tumour angiogenesis was conducted
by Mohamed et al. (2017a). In their study of 50 patients with colorectal cancer, they reported a
significant association between CD31-assisted microvessel density counting and poor

prognosis (p=0.023).
1.8.2.9 CD34

CD34 is an 115kDa transmembrane protein expressed on hematopoietic stem cells, vascular
endothelial progenitors and embryonic fibroblasts (Brown, Greaves, & Molgaard, 1991; Fina
et al., 1990; Patry et al., 2018).

In a recent study (n=60) of patients with various forms of benign and malignant oral conditions,
cell proliferation due to angiogenesis was analysed using IHC (Sheelam et al., 2018). The
researchers directed specific antibodies against various proteins involved in cell proliferation
and vascularity such as proliferating cell nuclear antigen (PCNA), vascular endothelial growth
factor and CD34 and analysed their immunoreactivity using IHC. The microvessel density;

calculated from CD34 immunoreactivity, was significantly higher in oral squamous cell
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carcinoma compared with other benign oral conditions. They also observed significant
increases in CD34 and VEGF protein immunoreactivity as oral cells progress from normal
mucosa cells to dysplasia to Oral squamous cell carcinoma (Sheelam et al., 2018).

1.8.2.10 Other growth factors (PDGF, SCF)

The stem cell factor (SCF) is also known as mast cell factor or steel factor and is 45kDa cytokine
found in plasma membranes (Roskosli, 2005). SCF is a ligand for c-kit and together, they are
implicated in the activation of various signalling pathways (such as MAPK, PI3K,) resulting in
several downstream effects such as cell proliferation, angiogenesis and metastasis (Cardoso,
Figueira, & Socorro, 2017). As a hematopoietic growth factor, SCF activity usually results in
proliferation of hematopoietic cells. However earlier studies suggests SCF and other
hematopoietic growth factors are capable of stimulating proliferation in tumour cells (Turner et
al., 1992). Furthermore, there is evidence to suggest that some malignant cells secrete large
guantities of hematopoietic cytokines which may be measured in serum (McDermott et al.,
2002).

Research studies in various cancers have reported diverse findings with regards to serum SCF
concentrations and immunoreactivity. In cultured cell lines, addition of SCF resulted in a 2.4-
fold increase in cell proliferation (Lemoli et al., 1994). In patients with colorectal cancer, serum
SCF concentrations were lower compared to normal controls (Mroczko, Szmitkowski,
WereszczynSka-Siemigtkowska, & Okulczyk, 2005). In a similar study, serum SCF
concentrations were also lower in patients with pancreatic cancer compared to normal controls
(Vasiliades et al., 2012).

With regards to BC, few studies have been conducted to assess SCF involvement in
proliferation or recurrence. A study using BC T24 cell lines reported increased proliferation
cells stimulated by SCF compared to unstimulated cells. The presence of SCF was also

associated with invasiveness in these cells (Guo et al., 2014b).

It can therefore be appreciated that, SCF may play a significant role in the high BC recurrence
rates. This current research therefore seeks to measure serum SCF concentrations in patients
undergoing treatment for BC. No previous research study has been performed to our knowledge

on patients undergoing TURBT and followed for up to 6-months post-operatively.

PDGEF is a glycoprotein located on chromosome 7 and may exist in dimeric forms; PDGF-AA
and PDGF-BB or in a unified form; PDGF-AB (Raica & Cimpean, 2010). As a growth factor,
PDGF plays crucial roles in physiological angiogenesis and also pathologically associated with
angiogenesis in several human diseases cancers (Holleran, Hall, O’Regan, Smith, &
McNamara, 2015; Jitariu, Raica, Cimpean, & Suciu, 2018; Yuge et al., 2015)
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Several studies performed using both cell lines and human tissues have attempted to identify
the roles PDGF and its receptors play in cell proliferation and cancer. In human adipose stem
cells, the presence of high PDGF concentrations in human serum, is positively associated with
increased proliferation of human adipose stem cells. High concentrations of PDGF-AB in
human serum had a significant positive effect on cell proliferation (Josh et al., 2013). In another
study using colorectal cancer cell lines (SW480, DLD-1 & Caco-2), obstruction of PDGF
receptor B resulted in reduced cell proliferation as well as slowed activation of various
downstream signalling pathways (Kaulfup3 et al., 2013). This therefore provides an opportunity

to use inhibitors of PDGF and their receptors in developing therapeutic agents for treatment.

In pathology, high concentrations of PDGF-AA in patients with colorectal cancer have been
associated with development of liver metastasis (Pan, Peng, Xiao, & Gu, 2017). In these
patients, increased metastatic disease could potentially be due to increased cell proliferation,

invasion and tumour growth.

These studies provide evidence of the role PDGF plays in cell proliferation. In this regard,
serum measurement of PDGF concentration could provide useful information in BC patients

undergoing surgical treatment.

1.9 Assessing recurrence

Following recruitment, patients underwent for TURBT for the diagnosis and treatment of BC.
Post-operatively, and in accordance with standard management guidelines, patients had several
follow up clinics for the assessment of surgical outcome. Depending on stage, grade and risk
stratification, patients may be offered 6 weeks, 3-months, 6-months or 9-months post-operative
cystoscopy, to assess presence or absence of residual or recurrent bladder tumours, following
TURBT.

In all patients recruited into this research study, follow up data immediately available from
follow up clinics was retrieved. This information was obtained from outpatient clinic as well as
BCUHB clinical portal.

Investigating the long-term overall survival rates, 5-year and 10-year recurrence and
progression data are, however, beyond the scope of this research. However, the short-term
information available (up to 2 years post TURBT) will be discussed in relation to the
biomarkers measured, and may ultimately provide sufficient and accurate clinical data that may

help predict or forecast NMIBC recurrence and progression.
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1.10 Aims and Objectives

Current management guidelines for BC patients, involve surveillance and follow-up
programmes using imaging procedures. Specifically, NMIBC is associated with high
recurrence and progression rates. Currently, there is no laboratory-based tests for monitoring
treatment and identifying patients at increased risk of cancer recurrence or progression.

This research study aimed to investigate the role of novel biomarkers in patients who had
TURBT, for the diagnosis and treatment of NMIBC. Following the initial optimisation of

methods, four pilot clinical studies were performed with the aim of identifying,

1. Changes in serum-based inflammatory markers in BC patients and their association

with recurrence and progression

2. Changes in serum matrix metalloproteinase 2, 3 and 9 (MMP-2, MMP-3 and MMP-9)
and CEACAM-1 concentration in patients undergoing TURBT for the treatment of
BC

3. The role of various serum-based angiogenic and growth biomarkers in non-muscle

invasive BC recurrence/progression

4. The role of novel antibody immunoreactivity and their association with BC recurrence

and progression

Ultimately, it is anticipated that changes to certain biomarkers may be associated with NMIBC
recurrence and progression. Verification and validation of these biomarkers could potentially
be used in addition to or in combination with current management protocols for the
identification of patients at risk of developing recurrence and progression. Additionally, the
identification of potential biomarkers for BC recurrence would potentially reduce the frequency
of imaging and surgical surveillance systems currently employed for the management of BC.
Ultimately, our research findings may help modify or revise BC post-operative care for the

benefit of the patients.
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2.0 Chapter Two: Methods

47|Page



Methods Chapter two

2.1 Synopsis

The main aim of this chapter was to present all the materials and methods used during the
research study. This research was a multi-centre project and was carried out at various locations
within the Betsi Cadwaladr University Health Board (BCUHB) and the University of Chester.

The chapter therefore includes details of the ethical approval, patient selection and recruitment
and sample/tissue collection. These three initial research steps were undertaken within various
sites at the BCUHB.

Antibody optimisation/validation together with tissue processing and staining were carried out
in the histopathology department at Ysbyty Glan Clwyd. Detailed descriptions of these
processes have been provided in subsequent sections/chapters. Tissue staining of the various
antibodies were evaluated at Ysbyty Glan Clwyd and Wrexham Maelor Hospital, with the help
of experienced histopathologists and consultant pathologists. General research investigations
involving ELISA and Bio-plex assays were performed at the North Wales Clinical Research
Centre.

Data manipulation was done using various statistical models and tools with guidance from

departmental statistician based at the University of Chester.
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2.2 Equipment

0.5 ml flat cap microcentrifuge tubes
Thermofisher Scientific Product No. AB0350

1.5 ml Pierce Microcentrifuge Tubes
Thermofisher Scientific Product No. 69715

2.0 ml Pierce™ Microcentrifuge Tubes

Thermofisher Scientific Product No. 69720

3.0 ml Plastic whole blood tube with spray-coated K2EDTA
Becton Dickinson Product No.: 367856

3.0 ml Plastic citrate tubes
Becton Dickinson Product No.:363083

5.0 ml SST tube with silica clot activator
Becton Dickinson Product No.: 367986

BD Vacutainer Eclipse blood collection needle
Becton Dickinson Product No.: 368607

BD Vacutainer one-use holder
Becton Dickinson Product No.: 364815

BD Vacutainer Safety-Lok blood collection set
Becton Dickinson Product No.: 367287

BenchMark ULTRA (Automated IHC/ISH slide staining system)
Ventana Medical Systems Product No. 05342716001

BenchMark XT (Automated IHC/ISH slide staining system)

Ventana Medical Systems Product No.

Bio-plex 200

Bio-Rad Laboratories Inc:
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Array reader Product No. 171000201
Microplate platform
High-throughput fluidics (HTF)

Calibration and validation kits
Bio-Plex MCV plate

PC and monitor

Bio-Plex Manager™ software

Dako Coverslipper

Agilent Dako Product No: CR100

EZ Read 400 Microplate Reader

Biochrom Product No: 80-4001-40

Finese ME+ Microtome

Thermofisher Scientific Product No. 902100A

Fisherbrand™ ZX4 IR Vortex Mixer

Thermofisher Scientific Product No: 13284769

Genlab Vertical Stainless Steel Digital Incubator

Thermofisher Scientific Product No: 12853416

Handheld Magnetic Washer

Bio-Rad Laboratories, Inc Product No. 171020100

HydroFlex™ microplate washer for 96-well format

Tecan Product No:

ID-Incubator 37 S |

Bio-Rad Laboratories Inc Product No: 009690

Lexicon® Il Ultra-low Temperature Freezer

ESCO Product No.: UUS-714A-3-SS

PELORIS tissue processor
Thermofisher Scientific Product No: 26.0003
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Prep kits
Ventana Medical Systems

Precision circulating water bath

Thermofisher Scientific

Quick Release Tourniquet
DS MEDICAL

SL 8 small benchtop centrifuge

Thermofisher Scientific

SlideMate AS Slide Printer
Thermofisher Scientific

StuartMini Microtitre Plate Shaker

Cole-Parmer

TOMO® Adhesion Microscope Slides

Jencons (a VWR Division)

2.3 Reagents

10% Neutral Buffered Formalin
CellPath

Product No: 783-3457

Product No: TSCIR35

Product No: 75007221

Product No: A83900001

Product No: WZ-51707-08

Product No. 631-1109E

Product No. BAF-6000-08A

Bio-Plex Pro™ Human Cancer Biomarker Panel 1, 16-plex

Bio-Rad Laboratories Inc

Product No. 171AC500M

Bio-Plex Pro™ Human Cancer Biomarker Panel 2, 18-plex

Bio-Rad Laboratories Inc

Bio-Plex Pro™ Human MMP-2 Singleplex set

Bio-Rad Laboratories Inc

Product No. 171AC600M

Product No. 171BM002M
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Bio-Plex Pro™ Human MMP-3 Singleplex set
Bio-Rad Laboratories Inc

Bio-Plex Pro™ Human MMP-9 Singleplex set

Bio-Rad Laboratories Inc

CD31 (JC70) Antibody

Ventana Medical Systems

CD34 (QBENd/10) Antibody

Ventana Medical Systems

COX-2 (SP21) Antibody
Ventana Medical Systems

Dako REAL Antibody Diluent
Dako.

HER-2/neu (4B5) Antibody
Ventana Medical Systems

Human CEACAM-1 SimpleStep ELISA kit
Abcam

Human CEACAM-1/CD66a Antibody
R&D Systems, Inc.

Human S100A8 Antibody
R&D Systems, Inc.

Human FGF R3 (lllc) Antibody
R&D Systems, Inc.

Human MIP2 ELISA Kit (CXCL2)
Abcam Plc

Product No. 171BM003M

Product No. 171BMO006M

Product No. 760-4378

Product No. 760-2927

Product No. 760-4254

Product No. S2022

Product No. 790-2991

Product No. 215540

Product No. MAB22441-100

Product No. MAB4570

Product No. MAB7662-100

Product No. ab184862
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Human VEGF R2/KDR/FIk-1 Antibody
R&D Systems, Inc.

Human VEGF R3/FIt-4 Antibody
R&D Systems, Inc.

Podoplanin (D2-40) Antibody

Ventana Medical Systems

Sheath Fluid

Bio-Rad Laboratories Inc

S100P Antibody

Ventana Medical Systems

SOX-2 (SP76) Antibody
Ventana Medical Systems

Thrombomodulin Antibody
Cell Marque

ultraView Universal DAB Detection Kit
Ventana Medical Systems

Ventana Amplification Kit

Ventana Medical Systems.

Ventana Hematoxylin

Ventana Medical Systems.

Ventana protease 1

Ventana Medical Systems.

Ventana Antibody Diluent with Casein

Ventana Medical Systems.

Product No. MAB3571-100

Product No. MAB3491-100

Product No. 760-4395

Product No. 171000055

Product No. 760-4620

Product No. 760-4621

Product No. CMC33921040

Product No. 760-500

Product No. 760-080

Product No. 760-2021

Product No. 760-2018

Product No. 760-219
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2.4 Buffers and solutions
2.4.1 Cell conditioning 1 (CC1)

The Ventana CC1 (Ventana Medical Systems) is a ready to use buffer in the initial stages of
immunohistochemistry (IHC) on the ventana benchmark XT analyser. In the presence of heat,
CC1 is used for antigen retrieval (Heat induced epitope retrieval). The basic pH and tris-based
buffer in CC1 enhances antibody binding in tissues by hydrolysing covalent bonds at high
temperature. Prior to use, the solution was stored at room temperature (15 to 30° C) and used
within 3 months of purchase as recommended by manufacturers. During IHC, CC1 was applied
to 5 um tissue sections cut from 10% buffered neutral formalin fixed tissues using the mild (30

minutes) and standard (60 minutes) cell conditioning options.

2.4.2 Cell conditioning 2 (CC2)

The Ventana CC2 (Ventana Medical Systems) is a ready to use buffer for pre-treatment of tissue
slides for IHC on the ventana benchmark XT analysers. CC2 has an acidic pH, contains citrate
base, ProClin 300 preservative and used to hydrolyse formalin and formaldehyde related
covalent bonds in tissues leading to enhanced antibody binding and improved results in IHC.
Prior to usage, the solution was stored at room temperature (15 to 30° C) and was used within

3 months of purchase.

2.4.3 The EZ prep (10X)

During IHC, deparaffinization was performed using the ventana EZ prep solution (1X) solution
(EZ prep) (Ventana Medical Systems, UK). EZ prep solution (1X) was prepared by diluting all
contents of EZ prep concentrate (10X) in nine parts of distilled water. The EZ Prep solution
contains a detergent and 0.5% ProClin 300 preservative. Tissue slides were dewaxed by using
EZ prep (1X), heat and vortex mixing. Heated paraffin wax floated out from tissue sections
through the aqueous solution and was efficiently removed by vortex mixing. Prepared solution

was kept at room temperature and used within expiry date.

2.4.4 Liquid cover slip (high temperature) and Liquid coverslip (low temperature)

During IHC, evaporation was minimized by using liquid cover slip (LCS) (Ventana medical
systems). This prevents tissue sections from drying up during the IHC. Liquid coverslip is
applied between segments of IHC procedure. The Liquid cover slip (high temperature) solution
contains paraffinic hydrocarbon and mineral oil whilst Liquid cover slip (low temperature)
contains paraffinic hydrocarbon tinted with Oil Red O. These organic oils have relatively lower

density compared to water and therefore serve as a barrier between aqueous solutions on
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microscope slides and air. This eventually reduces the rate of evaporation and enhances the
staining process. Solutions were stored at room temperature ((15°-30°C) and used within the
expiry date.

2.4.5 Reaction Buffer (10X)

Reaction buffer (1X) (Ventana medical systems) was prepared by mixing one part reaction
buffer concentrate (10X) with nine parts of distilled water and mixed thoroughly. Reaction
buffer (1X) is a tris-based solution with a slightly basic pH of 7.6 + 0.2. Reaction buffer (1X)
was used as a wash medium during the various steps in IHC on the Ventana Benchmark XT
and Ventana ULTRA. Solution was stored at room temperature (15°-30°C) and used within the
expiry date.

2.4.6 Phosphate buffered saline (PBS)

1 litre of 20X PBS stock solution was made as follows

1. 800 ml of distilled water in a 1 litre beaker

2. A sstir bar was placed in the beaker and placed on a magnetic stirrer

3. 160g of Sodium Chloride was weighed and added to beaker and totally dissolved

4. 6.8g of Potassium dihydrogen phosphate (Sigma-Aldrich, UK) was weighed and added
to beaker and totally dissolved

5. 24.2g of Dipotassium hydrogenphosphate (Sigma-Aldrich, UK) was weighed and
added to beaker and totally dissolved

6. Final volume was adjusted to 1 litre using distilled water

7. Solution was stored in a larger beaker and until required. Stock has a shelf life of 6

months. Before usage, stock solution was diluted 1:20 with distilled water.

2.5 Methods
2.5.1 Ethical approval

Permission for this research study was sought from the Research Ethics Service (REC reference
14/WA/0033. see appendix). The IRAS project ID for the project is 150558. All patient
recruitment procedures and laboratory investigations were conducted in conformity with the
provisions of the RES. All samples, patient demographics and patient data were completely

anonymised to ensure confidentiality.
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2.5.2 Subject recruitment

Subjects recruited for this research attended the Betsi Cadwaladr University Health Board
(BCUHB) Wrexham Maelor Hospital, North Wales for elective procedures for the
treatment/management of BC.

The author reviewed medical records of potential subjects scheduled for surgical procedures
for the treatment or management of BC. Specifically, patients’ treatment history, current
medication, previous surgery, previous cancer, smoking status and diabetic status were
carefully reviewed. Patients who had other cancers were not included in the study to avoid

conflicting results.

After screening case notes, the author approached patients eligible for inclusion into the study
to begin the recruitment process. To obtain an informed consent for participation in the study,
the author discussed with each patient detailed requirement necessary for inclusion into the
study. A copy of the patient information sheet (PIS) and consent form was then given to each
recruited patient after discussing it in detail. The patient information sheet contained detailed
information about the research ie. Purpose of study and consent form. Patients who agreed to
participate in the research study filled and signed a consent form and retained their copies.

40 patients (average age= 72.9, males= 33 and females= 7) prospective patients scheduled for
a Transurethral Resection of the Bladder tumour (TURBT) for the treatment of BC, were

recruited into this research study after informed consent.

For each of these patients, serum blood samples were taken pre-operatively and at 1-month, 3-
months and 6-months post-operatively. During TURBT procedure, tissue samples were taken
as per standard guidelines for histopathological analysis. This study was conducted
concurrently with ongoing BC treatment/management for recruited patients. As such all tissue
blocks were subsequently retrieved from the histopathology department of the Ysbyty Glan
Clwyd hospital following routine H&E staining by biomedical scientists and reporting by
histologists and consultant pathologists. All histology reports produced from H&E staining

were individually examined before IHC was conducted.

2.5.3 Blood sampling

Venous blood samples were obtained through standard venepuncture from all patients who
consented to participate in the study. Blood sampling was done through venepuncture of the

ante-cubital vein (where practically possible) into various blood collection Vacutainer tubes.
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Specifically, for citrated plasma, blood was taken into 3 ml plastic citrated tubes (Becton
Dickinson) whilst normal plasma was obtained by using spray-coated K2EDTA plastic whole
blood Vacutainer tubes (Becton Dickinson, UK).

For serum, venous blood samples were collected into 5 ml SST tubes with silica clot activator
(Becton Dickinson), and left at room temperature for at least 2 hours. Tubes were then
centrifuged at 1500xg for 10minutes to adequately separate serum from whole blood cells, as
per standard operating procedure. For plasma, blood tubes were centrifuged within 30 minutes
after venepuncture. All serum and plasma samples were aliquoted into 1 ml eppendorff tubes

and stored at -80°C until analysed.

Post-operatively, venous blood samples were taken at 1-month, 3-months and 6-months. During
post-operative sampling, patients’ medical history, as well as vital statistics (i.e. blood pressure,

temperature and urine dipstick), were assessed.

During blood collection and storage, strict protocols were followed to minimize variations in
analyte concentrations. For plasma samples, venous blood samples were centrifuge without

delay and stored in -80°C freezers immediately.

2.5.4 Tissue preservation and processing

For the purposes of these research studies, Formalin fixed, paraffin embedded (FFPE) tissue
blocks of recruited patients were retrieved from storage at the histopathology department of
Ysbyty Glan Clwyd.

During surgery, BC tissue samples were taken in theatre by the consultant urological surgeon
at the Wrexham Maelor Hospital, a standard requirement for the treatment of BC. Tissues were
immediately placed in 10% Formalin preservative solution, transported within 24-72 hours to
the histopathology department of Ysbyty Glan Clwyd and then processed into tissues blocks by
BCUHB staff, according to standard protocol. Briefly, tissue processing involves several steps
of dehydration in ethanol, clearing and embedding in paraffin wax. This was done according to
standard protocol. Tissue blocks were then used in the management of patients and stored at

room temperature in the dark until retrieved for this study.

2.5.5 Cutting Tissue sections (Microtomy)

At least 12 sections (4 um each) were cut from each patient tissue block using a microtome.
Each tissue block was placed on ice for at least 10 minutes prior to sectioning. This technique
cools paraffin, maintains tissue integrity and aids easy sectioning. Each cut section was floated
on a water bath in which the temperature was maintained at 40-45° C to stretch out embedded

formalin and remove wrinkled tissue. Sections were then placed on positively charged glass
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tomoslides and incubated at 55-60° C for at least 30 minutes before proceeding with IHC. This
process enhances fixation of the tissue to the glass slides and ensures stability of the tissue.
Slides can also be incubated at 37° C overnight for fixation.

In this research, both control and study tissues (Patient tissue) slides were placed on the same
slide before proceeding with IHC (Figure 2.1). This approach ensures that, both tissues are
treated with the same conditions i.e. temperature, length of incubation and therefore eliminates
any inconsistencies. It also validates the staining process and serves as a control mechanism for
the entire IHC protocol. Concerning reporting, histologists and pathologists report on the

patient tissues by referring to all control tissues thereby enhancing the quality of the reports.

Patient Bladder
GCancer tissue

Positive and
Negative Control
tissues

Positively charged Tomos
glass adhesive slide

Figure 2. 1: Representation of tissue arrangement on a slide.
Both control tissues and patient tissues being analysed were placed on the sample positively

charged glass slide for IHC.

2.5.6 Measurement of cancer panel-1 and cancer panel-2 using Bio-Rad Luminex 200

Bio-Rad Bio-plex techniques are based on a unique combination of three core components of
the XMAP technology. The first component is based on the ability of fluorescently labelled
beads to identify specific analytes in a biological specimen. These beads possess unique colour
codes for specific identification and analysis. The second component quantifies the amount of

analyte bound to each bead using a flow cytometer. The final component is a digital processor
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capable of accurately analysing high volumes of fluorescent data produced from the two

components.

The principle of the immunoassays employed by the Bio-Plex technique operate like a
conventional sandwich ELISA. Capture antibodies linked to specific magnetic beads target the
biomarker of interest. The 96-well plate is then washed several times to remove unbound
protein before a biotinylated detection anybody is added to create a sandwich complex. The
addition of a streptavidin-phycoerythrin (SA-PE) conjugate creates a detection complex. A

dedicated flow cytometer then measures the final reaction complex.

A vial of Bio-Rad Bio-Plex Pro Human Cancer panel 1 standard was reconstituted with 781 pl
of standard diluent HB. One vial each of Bio-Rad Bio-Plex Pro Human Cancer 1 quality control
high and quality control low was reconstituted with 250 pl standard diluent HB and mixed
gently and thoroughly. Reconstituted standards and controls were gently vortexed for 5 seconds
and placed on ice for 30 minutes before use. Reconstituted standards were serially diluted
fourfold before performing the assay. Each well of a 96 well plate requires 2.5 pl of 20x stock
coupled beads adjusted to a total volume of 50 pl in assay buffer. To prepare 1x coupled beads,
20x stock coupled beads were vortexed for 30 seconds at mid speed. 288 pl of 20x beads were

mixed with 5.47 ml of assay buffer to prepare a total volume of 5.76 ml.

Prior to running assay, 1x diluted coupled beads were vortexed for 30 seconds and 50 pl was
added to each well of the 96 well plate. The plate was washed twice in 100 pl wash buffer per
well using a Bio-Rad Bio-Plex handheld magnetic washer. Diluted standards, controls and
samples (diluted fourfold in sample diluent HB) were vortexed for 5 seconds and 50 pl was
added to appropriate wells after which the plate was incubated for 1 hour in the dark at room
temperature with shaking at 850 + 50 rpm.

Each well of a 96 well plate requires 1.25 pl of 20x stock detection antibody adjusted to a total
volume of 25 pl in detection antibody diluent. 15 minutes prior to use, 1x detection antibody
was prepared by vortexing 20x stock detection antibody for 30 seconds and then spun at low
speed for 30 seconds. 145 ul of 20x stock detection antibody was then mixed with 2.76 ml of
detection antibody diluent to prepare a total volume of 2.9 ml 1x detection antibody. At the end
of the 1-hour incubation period for standards, controls and samples, the plate was washed three
times with 100 pl wash buffer per well using the Bio-plex handheld magnetic washer to remove
any unbound proteins. Diluted 1x detection antibodies were vortexed for 5 seconds and 25 pl
added to each well. The plate was incubated at room temperature for 30 minutes in the dark
with shaking at 850 = 50 rpm.
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10 minutes prior to use, 1x SA-PE conjugate was prepared by vortexing 100x stock SA-PE
conjugate for 30 seconds and then spun at low speed for 30 seconds. 60 pl of 100x stock SA-
PE conjugate was then mixed with 5.94 ml of assay buffer to prepare a total volume of 6 ml 1x
SA-PE conjugate. At the end of the 30-minute incubation period for detection antibodies, the
plate was washed three times with 100 pl wash buffer per well using the Bio-plex handheld
magnetic washer to remove any unbound detection antibody. Diluted 1x SA-PE conjugate was
vortexed for 5 seconds and 50 pl added to each well. The plate was incubated at room

temperature for 10 minutes in the dark with shaking at 850 + 50 rpm.

At the end of the 10-minute incubation period, plate was washed three times with 100 pl wash
buffer per well using the Bio-plex handheld magnetic washer. Beads were re-suspended with
125 ul assay buffer per well, covered with a new sealing tape and placed on a plate shaker at
850 + 50 rpm for 30 seconds. Data from the plate was analysed on the Bio-plex 200 instrument
using the Bio-Plex manager 6.0 software. The mean fluorescent intensity (MFI) for each well
was acquired using the software. This information was subsequently used in creating a standard

curve as well as calculation sample concentrations.

2.5.7 Measurement of MMP-2, MMP-3 & MMP-9 using Bio-Rad luminex 200

Bio-Rad Bio-plex techniques are based on a unique combination of three core components of
the xXMAP technology. The first component is based on the ability of fluorescently labelled
beads to identify specific analytes in a biological specimen. These beads possess unique colour
codes for specific identification and analyses. The second component quantifies the amount of
analyte bound to each bead. This Bio-Plex 200 contains a dedicated a flow cytometer. The third

component is a digital processor for high-speed quality data processing.

The principles of the immunoassays employed by the Bio-Plex technique operate like a
conventional sandwich ELISA. Capture antibodies linked to specific magnetic beads target the
biomarker of interest. The 96-well plate is then washed several times to remove unbound
protein before a biotinylated detection anybody is added to create a sandwich complex. The
addition of a streptavidin-phycoerythrin (SA-PE) conjugate creates a detection complex. A

dedicated flow cytometer then measures the final reaction complex.

781 ul of 10% serum-based standard diluent (prepared by diluting 1 part standard diluent HB
with 1.5 parts of sample diluent HB) was used to reconstitute a vial of Bio-Rad Bio-Plex Pro
Human MMP standard. Reconstituted standard was gently vortexed for 5 seconds and placed
on ice for 30 minutes before being serially diluted threefold. Each well of a 96 well plate
requires 2.5 ul of 20x stock coupled beads adjusted to a total volume of 50 ul in assay buffer.

To prepare 1x coupled beads, 20x stock coupled beads were vortexed for 30 seconds at mid
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speed. 288 pl of 20x MMP-2 beads, 288 ul of 20x MMP-3 beads and 288 pl of 20x MMP-9
beads were mixed with, 4,896 ul of assay buffer to prepare a total volume of 5.76 ml.

Prior to running assay, 1x diluted coupled beads were vortexed for 30 seconds and 50 ul was
added to each well of the 96 well plate. Plate was washed two times in 100 pl 1% wash buffer
(dilute 1 part 10x stock solution with 9 parts distilled water) per well using a Bio-Rad Bio-Plex
handheld magnetic washer. Diluted standards and samples (diluted fivefold in sample diluent
HB) were vortexed for 5 seconds and 50 pl was added to appropriate wells after which the plate

was incubated for 1 hour in the dark at room temperature with shaking at 850 £ 50 rpm.

Each well of a 96 well plate requires 1.25 pl of 20x stock detection antibody adjusted to a total
volume of 25 pl in detection antibody diluent. 15 minutes prior to use, 1x detection antibody
was prepared by vortexing 20x stock detection antibody for 30 seconds and then spun at low
speed for 30 seconds. 150 ul each of 20x MMP-2, MMP-3 AND MMP-9 stock detection
antibody was then mixed with 2.56 ml of detection antibody diluent to prepare a total volume
of 3 ml 1x detection antibody. At the end of the 1-hour incubation period for standards and
samples, plate was washed three times with 100 pl 1% wash buffer per well using the Bio-plex
handheld magnetic washer to remove any unbound proteins. Diluted 1x detection antibodies
were vortexed for 5 seconds and 25 pl added to each well. The plate was incubated at room

temperature for 30 minutes in the dark with shaking at 850 + 50 rpm.

10 minutes prior to use, 1x SA-PE conjugate was prepared by vortexing 100x stock SA-PE
conjugate for 30 seconds and then spun at low speed for 30 seconds. 60 pl each of 100x stock
MMP-2, MMP-3 and MMP-9 SA-PE conjugate was added to 5.82 ul of assay buffer to prepare
a total volume of 6 ml 1x SA-PE conjugate. At the end of the 30-minute incubation period for
detection antibodies, the plate was washed three times with 100 ul 1% wash buffer per well
using the Bio-plex handheld magnetic washer to remove any unbound detection antibody.
Diluted 1x SA-PE conjugate was vortexed for 5 seconds and 50 pl added to each well. The
plate was incubated at room temperature for 10 minutes in the dark with shaking at 850 * 50

rpm.

At the end of the 10-minute incubation period, the plate was washed three times with 100 pl
wash buffer per well using the Bio-plex handheld magnetic washer. Beads were re-suspended
with 125 ul assay buffer per well, covered with a new sealing tape and placed on a plate shaker
at 850 £ 50 rpm for 30 seconds. . Data from the plate was analysed on the Bio-plex 200
instrumant using the Bio-Plex manager 6.0 software. The mean fluorescent intensity (MFI) for
each well was acquired using the software. This information was subsequently used in creating

a standard curve as well as calculation sample concentrations.
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2.5.8 Measurement of MIP-2 concentration using ELISA

MIP-2 concentration was quantitatively determined in serum using a commercially available
ELISA kit [Human MIP-2 ELISA kit (CXCL2), (Abcam PIc)].

The antibody cocktail was prepared by mixing equal volumes (600 pL) of 10X capture antibody
and 10X detector antibody in 4,800 puL of Antibody diluent 4Bl and mixed thoroughly and
gently. MIP-2 human lyophilized recombinant protein was reconstituted by adding 1000 pl
sample diluent 25BP to produce a stock standard solution of 300 pg/ml. Starting with a 150
pg/ml solution, a serial dilution of standards was prepared (0 — 150 pg/ml) using standard
diluent 25BP.

A 98 well microplate pre-coated with anti-MIP-2 human monoclonal antibody was used for
this assay. 50 ul/well of standards and samples (diluted 1:4 in sample diluent 25BP) are added
to plate. 50 pl/well of antibody cocktail (prepared as indicated above) was then added to the
plate and incubated at room temperature for 1 hour on a plate shaker set to 400rpm. Plate was
washed three times with 350 pl 1X wash buffer PT ensuring complete liquid removal by
blotting. 100 pl/well of TMB substrate was added to plate and incubated in the dark on a plate
shaker set to 400 rpm. The colour development was stopped by adding 100 pl/well of stop

solution to plate.

The optical density of each well was read using a plate reading set to 450 nm. This was an
endpoint reading. A standard curve was constructed and used to determine the concentrations

of MIP-2 in unknown samples.

2.5.9 Measurement of CEACAM-1 concentration using ELISA

The concentration of CEACAM-1 was quantitatively determined in serum using a
commercially available ELISA kit (Human CEACAM-1 simplestep ELISA kit, Abcam plc
UK).

Antibody cocktail was prepared by mixing equal volumes (600 pL) of 10X human CEACAM-
1 capture antibody and 10X human CEACAM-1 detector antibody in 4,800 uL of Antibody
diluent 4BI1 and mixed thoroughly and gently. CEACAM-1 human lyophilized recombinant
protein was reconstituted by adding 500 pl sample diluent NS to produce a stock standard
solution of 6000 pg/ml. Starting with a 3000 pg/ml solution, a serial dilution of standards was

prepared (zero — 3000 pg/ml) using standard diluent NS.

A 98 well microplate pre-coated with anti-CEACAM-1 human monoclonal antibody is used
for this assay. 50 pl/well of standards and samples (diluted 1:4 in sample diluent NS) was added

to the plate. 50 ul/well of antibody cocktail (prepared as indicated above) was then added to
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the plate and incubated at room temperature for 1 hour on a plate shaker set to 400rpm. The
Plate was washed three times with 350 pl 1X wash buffer PT ensuring complete liquid removal
by blotting. 100 ul/well of TMB substrate was added to plate and incubated in the dark on a
plate shaker set to 400 rpm. The colour development was stopped by adding 100 pl/well of stop
solution to the plate.

Optical density each well was read using a plate reading set to 450 nm. This was an endpoint
reading. A standard curve was constructed and used to determine the concentrations of
CEACAM-1 in unknown samples.

2.5.10 Immunohistochemistry (IHC)

Due to recent advances in research and technology, IHC is now widely used as a diagnostic
tool in various NHS pathology departments. During this research, a modified indirect IHC used
in a UKAS accredited NHS pathology department was used to stain all tissue sections.

All tissue samples were stained using either the Ventana BenchMark ULTRA (Automated
IHC/ISH slide staining system) or the Ventana BenchMark XT (Automated IHC/ISH slide
staining system). Both analysers operate on the same principle of identifying proteins or
antigens in tissue samples using specifically labelled primary antibodies through activations of
antibody-antigen interactions. The standard IHC protocol is a multi-step process that begins
with deparaffinization and ends with counterstaining. In this research, although the principles
were followed, a modified IHC protocol was used. The differences between the two methods
are highlighted in Figure 2.2. Furthermore, the various steps in the IHC protocol will be

discussed in the next sections
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Standard Immunohistochemistry Modified/Validated
protocol Immunohistochemistry protocol
‘ Deparaffinization/dewaxing | ‘ Deparaffinization/dewaxing
‘- Antigen Retrieval | ‘ Antigen Retrieval
| Blocking ‘ ‘ Blocking
| Primary Antibody | | Primary Antibody
! !
| Secondary Antibody ‘ | Ventana ultraview DAB
detection (plus secondary
) J’ . L antibodies
‘ Colour ‘ Il

development/Counterstain

‘ Amplifier, Ultrawash

'

| Counterstain

!

Colour
development/Counterstain

Figure 2. 2: Standard IHC protocol versus the modified protocol used in this research

Deparaffinisation (dewaxing)

The focus of this step is to “bring slides down to water” (rehydrate) through a series of steps
and washes in alcohol and water. Prior to deparaffinization, 4 um thick tissue sections cut from
neutral-buffered formalin-fixed, paraffin-embedded routinely processed tissue blocks were
placed on positively charged glass slides (TOMOSlides) and placed in a 55°C oven for about 2
hours. Deparaffinization begins with placing slides in 2 to 3 baths of xylene for 5-10 minutes
followed by rehydration in absolute alcohol (100%) and several decreasing alcohol

concentrations (i.e. 95%, 70%, 50% etc) for 5-10 minutes each.

Blocking

Blocking endogenous peroxidase activity in tissues may be done by immersing slides in a low

concentration of 3% hydrogen peroxide solution for 5-10 minutes with gentle vortexing. This
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is followed by rinsing in running water for about 5 minutes. If required, non-specific binding
may also be prevented by blocking in diluted normal goat serum. In this research protocol,
endogenous proteins and peroxides were blocked by covering slides with Ventana
diluent/option 1 for 4 minutes.

Antigen Retrieval

Depending on the protein being investigated, heat-induced or enzymatic epitope retrieval
methods may be used. During tissue fixation, formation of methylene bridges results in
crosslinks, an effect which masks antigenic sites. This step is important for unmasking antigenic
sites in proteins being investigated. In this research, antigen retrieval was performed using the
heat induced epitope retrieval method by exposing the slides to cell conditioning 1 (standard
CC1) at 95-100°C for 52 minutes. CC1 is a tri-based EDTA buffer with a pH of 7.8 (section
2.4.1).

Primary and secondary antibodies

Details of primary antibodies used in this study are summarised in table 2.1. Detailed
description and discussion of antibody validation for IHC has also been provided in chapter 3.
In this research, an indirect IHC method was used. Unlabelled primary antibodies, which were
mouse or rabbit monoclonal IgG antibodies, were applied to tissues sections during the IHC
staining process. HRP-labelled secondary antibodies (goat anti-mouse 1gG, goat anti-mouse
IgM, and goat anti-rabbit) were then added to the slides. The selected secondary antibodies
were against antibodies from the species in which the primary antibodies were raised.

Schematic diagram of an indirect IHC is presented in Figure 2.3.

Table 2. 1 Immunohistochemical Staining localisations for various antibodies

Primary Antibody  Control tissues Localization

CEACAM-1 Colon Cytoplasmic, Membranous
CD31 Appendix, Tonsil Cytoplasmic, Membranous
CD34 Appendix, Tonsil Membranous, nucleus
COX-2 Colon, appendix, placenta Cytoplasmic, membranous
HER-2/neu Breast Membranous

S100P Placenta, Colon, Appendix Cytoplasmic, Nuclear
SOX-2 Fallopian tube, Umbilical cord Nuclear

thrombomodulin | Bladder Cytoplasmic, membranous
VEGFR-3 Fallopian tube, Umbilical cord Nuclear
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Detection system (ultraView Universal DAB Detection Kit)
The detection kit used in this research; the ventana Ultraview DAB universal detection kit
(Ventana medical systems) is an indirect biotin-free kit capable of identifying mouse and rabbit

IgG and IgM antibodies in PPFE tissue sections during IHC (table 2.2).

Table 2. 2 Components of the UltraView Universal DAB detection kit
Universal DAB Inhibitor 3% hydrogen peroxide solution.

Universal HRP Multimer HRP-labelled antibodies (goat anti-mouse
IgG, goat anti-mouse IgM, and goat anti-
rabbit) (<50 ug/ml) in a buffer containing
protein with ProClin 300, a preservative.

Universal DAB Chromogen 0.2% 3, 3’-diaminobenzidine
tetrahydrochloride in a proprietary stabilizer

solution with a proprietary preservative.

Universal DAB H,0; ultraView Universal DAB H202 (0.04%
hydrogen peroxide in a phosphate buffer
solution)

Universal Copper Copper sulphate (5g/L) in an acetate buffer

with proprietary preservative.

Following exposure to primary antibody and HRP-labelled secondary antibody, 3, 3’-
diaminobenzidine (DAB) was used for colour development. DAB is catalysed to form a brown
precipitate (oxidised form of DAB) in the presence of hydrogen peroxide (Figure 2.3). This is

then visualised using light microscopy.
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DAB + H,0,

HRP

In the presence of HRP, DAB
chromogen and H,0,, a brown
precipitate is formed

S HRP labelled secondary antibody

Binds to primary antibody

Specific primary antibody
Binds to specific cell or tissue

Cell or tissue

immobilised on glass slide

IHC glass slide

Figure 2. 3 Graphical representation of ultraview detection system

Counterstaining

Following primary antibody staining in tissue samples, counterstaining is usually used to
highlight other components of cell/tissue to aid visualisation. In this research, the Ventana
haematoxylin was used as counterstain and stains nuclei blue by reacting with a dye complex

in the presence of nucleic acids and histone proteins

Dehydration and cover slipping

Dehydration of the slides was carried out using an automated instrument, Coverstainer (Dako,
England). Slides were dehydrated by immersing in a series of graded alcohols and finally
clearing in xylene as follows;

1. 2-3 baths of 70% alcohol for 5 minutes each

2. 2-3 baths of 90% alcohol for 5 minutes each

3. 2-3 baths of 95% alcohol for 5 minutes each
4. 2-3 baths of 100% alcohol for 5 minutes each
5

2-3 baths of xylene for 5 minutes each

Slides are drained and blotted after each bath to reduce contamination and coverslips were then

applied. The Dako coverstainer maintains consistent dehydration of the slides and avoids
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bubbles after coverslipping. It also avoids damaging the tissues, less time consuming and avoids

marking the coverslips.

2.6 Statistical Analysis

With regards to statistical analysis, professional advice was sought from Dr Gareth Elfred
Jones, department of biological Sciences statistician based at the University of Chester.
Analysis was carried out using SPSS for windows version 25 (licensed by the University of
Chester).

With regards to data generated from serum analysis, normality tests were performed on all data
sets to determine whether there was normal distribution. Normal distribution was observed

were in cases where p> 0.05.

Normally distributed data were analysed using the repeated measures one-way analysis of
variance (ANOVA) using p> 0.05 to determine significance. Further statistical testing (Post
hoc) was performed using the Bonferoni test, in cases where a significant variation was
observed in the ANOVA test. Normally distributed data were presented in bar graphs using
mean and SDs.

Data sets that were not normally distributed were analysed using the Friedman test. In cases
were a significant variance was observed with regards to the Friedman test, further post hoc
testing was performed using the Wilcoxon’s signed test. Data that was not normally distributed

were presented in box plots using median and interquartile ranges.

With regards to tissue analysis, a chi-square test was performed to determine the difference
between antibody staining in bladder tumour cells in comparison with normal urothelium. A
Kruskal Wallis test was used to determine the association between clinopathological features
(such as cancer grade and stage) and immunoreactivity. In cases where there was a significant

difference, further post-hoc testing was performed using the Mann-Whitney test.

Data that were normally distributed are presented in bar charts using mean values and errors
bars represent standard error mean. Non-parametrically distributed are presented in box plots

using median and interquartile ranges.
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3.0 Chapter Three: Validation of

Immunohistochemistry
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3.1 Antibody optimisation for Immunohistochemistry

The main aim of this chapter was to provide in detail, the processes undertaken to verify and
validate the staining protocols used in this study. Validation of the IHC protocol for each of the
primary antibodies studied was carried out prior to staining any patient tissues.

For the purposes of this research, CEACAM-1, CD31, CD34, COX-2, HER-2, S100P, SOX-2,
Thrombomodulin and VEGFR-3 antibodies were optimised for IHC, using the ventana
benchmark ULTRA (automated IHC/ISH slide staining system) (Roche, UK) and the ventana
benchMark XT (automated IHC/ISH slide staining system) (Roche, UK) at the department of
histopathology at Ysbyty Glan Clwyd. Preliminary IHC investigations (adjustments for
antibody dilution, incubation times, temperature alterations, etc.), were undertaken to optimise
staining conditions for each antibody. IHC protocol used in this project was based on a modified
IHC technique employed on the ventana ultra and ventana XT automated analysers (Section
2.5.10).

As previously discussed (section 2.5.5), each positively charged glass slide used for staining
patient tissues contained at least 2 controls tissues, for quality assurance and validation
purposes. This validation technique ensured that both sample and control tissues were exposed
to the same staining conditions. This novel addition to IHC staining is unique to this research

study, since no current literature reported similar modifications.

3.1.1 Optimisation of S100P antibody immunoreactivity in tissues using IHC

Anti-S100P mouse monoclonal antibody (16/f5) was optimised for IHC using human placenta
tissue samples from Ysbyty Glan Clwyd. Sections were cut as previously described (sections
2.5.5). Sectioned tissue slides were placed in an incubator (set to 60°C) for 30-60 minutes and
then transferred to the ventana benchmark XT (Automated IHC/ISH slide staining system) for
IHC. In the first step, slides were deparaffinised at 72°C for 4 minutes using ventana EZ prep

solution (section 2.4.3).

Antigen retrieval was performed using the enzymatic method by exposing the slides to ventana

protease 1 solution for 8 minutes.

Anti-S100P mouse primary monoclonal antibodies, (purchased pre-diluted from ventana
medical systems), was applied to slides and incubated for 24 minutes at 37°C. Staining was
amplified by adding one drop of ventana amplifier. After series of washes, slides were
incubated in hydrogen peroxidase, universal HRP multimer (which contains labelled secondary

antibodies) and universal DAB chromogen for colour development.
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Slides were then counterstained in haematoxylin 1 for 12 minutes before applying a blueing

reagent for 4 minutes.

During optimisation, the first IHC staining protocol used for S100P contained the manufacturer

commended staining options (Experimental protocol 1 in table 3.1). A representative

histological picture of each protocol has also been provided (figure 3.1-3.3)

Table 3. 1 IHC Experimental protocols for anti-S100P monoclonal antibody.

Since the primary antibody was supplied pre-diluted, these Experimental protocols varied the
length of incubation for the primary antibody. Experimental protocol 2 also included an
amplification step and a longer counterstain incubation.

Experimental protocol 1 Experimental protocol 2 (Optimised protocol)

Control tissue- Placenta

Control tissue- Placenta

Deparaffinization- 72°C for 4 minutes

Deparaffinization- 72°C for 4 minutes

Antigen retrieval- Protease 1 for 8 minutes

Antigen retrieval- Protease 1 for 8 minutes

CC1 not required

CC1 not required

Ab incubation at 37°C for 16 Minutes

Ab incubation at 37°C for 24 minutes

Amplification- not required

Amplification- Ventana amplifier

Detection kit- Ultraview

Detection kit- Ultraview

Counterstain for 8 minutes

Counterstain for 12 minutes

blueing reagent (4 Minutes)

blueing reagent (4 Minutes)
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Figure 3. 1 Anti-S100P IHC optimisation using negative control.
Immunohistochemical staining of anti-S100P (16/f5) mouse monoclonal primary antibody in
FFPE human placenta tissues. Ventana ultraview DAB detection. No nuclear and cytoplasmic
IHC staining in epithelial cells of trophoblasts. X100 magnification

I1.
IHC staining of anti-S100P (16/f5) mouse monoclonal primary antibody in FFPE human
placenta. Antigen retrieval = protease (8 Minutes), Antibody incubation= 16 Minutes, No
amplification, Ventana ultraview DAB detection. Note the positive nuclear and cytoplasmic
Immunohistochemical staining (brown) in epithelial cells of trophoblasts. X100 magnification
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Figure 3. 3 Anti-S100P IHC optimisation using Experimental protocol 2 (optimised
protocol).

IHC staining of anti-S100P (16/f5) mouse monoclonal primary antibody in FFPE human
placenta. Antigen retrieval= protease (8 Minutes), Antibody incubation= 24 Minutes,
amplification, Ventana ultraview DAB detection. This staining protocol had a longer primary
antibody incubation time, longer counterstaining time and an amplification step. Positive
nuclear and cytoplasmic Immunohistochemical staining in epithelial cells of trophoblasts.
Staining in this protocol are sharper with fewer background staining. X100 magnification.

3.1.2 Optimisation of COX-2 antibody immunoreactivity in tissues using IHC

Anti-COX-2 (SP21) rabbit monoclonal primary antibody was optimised for IHC using colon
sample tissues from Ysbyty Glan Clwyd. Sections were cut as previously described (sections
2.5.5). Sectioned tissue slides were placed in an incubator (set to 60°C) for 30-60 minutes then
transferred to the ventana benchmark ULTRA (Automated IHC/ISH slide staining system) for
IHC. In the first step, slides were deparaffinised at 72°C for 4 minutes using ventana EZ prep

solution (section 2.4.3).

Antigen retrieval was performed using the heat induced epitope retrieval method by exposing
the slides to cell conditioning 1 (standard CC1) at 95-100°C for 64 minutes. CC1 is a tri-based
EDTA buffer with a pH of 7.8. (Section 2.4.1).

Anti-COX-2 (SP21) rabbit monoclonal primary antibodies, (purchased prediluted from
Ventana medical systems), was applied to slides and incubated for 32 minutes at 37°C. Staining

was amplified by adding one drop of Ventana amplifier.

73|Page



Validation of Immunohistochemistry Chapter three

After series of washes, slides were incubated in hydrogen peroxidase, universal HRP multimer
(which contains labelled secondary antibodies) and universal DAB chromogen for colour
development. Slides were then counterstained in haematoxylin 1 for 12 minutes before applying
a blueing reagent for 4 minutes.

Starting with the product insert (contains initial recommended protocol), we varied various
stages of the staining process such as incubation time, heat, counterstain, amplification and
blocking. Each summary has been provided (Table 3.2). A representative histological picture

of each protocol has also been provided (figures 3.4- 3.7).

Table 3. 2 IHC Experimental protocols for anti-COX monoclonal antibody.

Three variations of the protocol were used in optimising anti-COX-2 antibody. Optimum
staining was achieved with protocol 2, which showed high intensity staining with little
background noise. Protocol 2 had 32 minutes primary antibody incubation and did not require

amplification.
Experimental protocol 1 Experimental protocol 2 Experimental protocol 3
(Optimised protocol)
Control tissue- Colon Control tissue- Colon Control tissue- Colon
adenocarcinoma adenocarcinoma adenocarcinoma
Deparaffinization- 72°C for 4 Deparaffinization- 72°C for 4 Deparaffinization- 72°C for 4
minutes minutes minutes
Antigen retrieval- CC1 95-100°C | Antigen retrieval- CC1 95-100°C | Antigen retrieval- CC1 95-
for 32 minutes for 64 minutes 100°C for 64 minutes
Ab incubation at 37°C for 16 Ab incubation at 37°C for 32 Ab incubation at 37°C for 32
Minutes minutes minutes
Amplification- not required Amplification- not required Amplification- Ventana
amplifier
Detection kit- Ultraview Detection kit- Ultraview Detection kit- Ultraview
Counterstain for 8 minutes Counterstain for 12 minutes Counterstain for 12 minutes
blueing reagent (4 Minutes) blueing reagent (4 Minutes) blueing reagent (4 Minutes)

With regards to the various protocols, Experimental protocol 2 produced the best IHC staining
outcome. Staining intensity was optimum with little background staining. Even though
Experimental protocol 3 had the highest staining intensity, there was some background staining

and the procedure that a longer overall length.

74|Page



Validation of Immunohistochemistry Chapter three

Figure 3. 4 Anti-COX-2 IHC optimisation using negative control.
IHC staining of COX-2 (SP21) rabbit monoclonal primary antibody in FFPE Colon
adenocarcinoma tissue. Ventana ultraview DAB detection. No staining in colon tissues. X100

magnification.

o

T L e A _ B R 2

Figure 3. 5 Anti-COX-2 IHC optimisation using Experimental protocol 1.

IHC staining of COX-2 (SP21) rabbit monoclonal primary antibody in FFPE human Colon
adenocarcinoma tissue. CC1= 32 Minutes, antibody incubation= 16 Minutes, No amplification,
Ventana ultraview DAB detection. Positive cytoplasmic and membranous IHC staining (red
arrows) within epithelial cells in colonic crypts. X100 Magnification
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Figure 3. 6 Anti-COX-2 IHC optimisation using Experimental protocol 2 (Optimised
protocol)

IHC staining of COX-2 (SP21) rabbit monoclonal primary antibody in FFPE human Colon
adenocarcinoma tissue. CC1= 64 Minutes, antibody incubation= 32 Minutes, No amplification,
Ventana ultraview DAB detection. Positive cytoplasmic and membranous IHC staining (yellow
arrows) within epithelial cells in colonic crypts. note the high colour intensity. X100
Magnification.
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Figure 3. 7 Anti-COX-2 IHC optimisation using Experimental protocol 3

IHC staining of COX-2 (SP21) rabbit monoclonal primary antibody in FFPE human Colon
adenocarcinoma tissue. CC1= 64 Minutes, antibody incubation= 32 Minutes, amplification
applied, Ventana ultraview DAB detection. Positive cytoplasmic and membranous IHC
staining (red arrows) within epithelial cells in colonic crypts. Also note the deeper intensity and
background staining (blue arrows). X100 Magnification.
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3.1.3 Optimisation of HER-2 antibody immunoreactivity in tissues using IHC

Anti-HER-2/neu (4B5) rabbit monoclonal primary antibody (Ventana medical systems) was
optimised for IHC using breast sample tissues from Ysbyty Glan Clwyd. Sections were cut as
previously described (sections 2.5.5). Sectioned tissue slides were placed in an incubator (set
to 60°C) for 30-60 minutes and then transferred to the ventana benchmark ULTRA (automated
IHC/ISH slide staining system) for IHC.

Slides were deparaffinised at 72°C for 4 minutes using EZ prep solution (Section 2.4.3).
Antigen retrieval was performed using the heat induced epitope retrieval method by exposing
the slides to cell conditioning 1 (mild CC1) at 95-100°C for 8 minutes. CC1 is a tri-based EDTA
buffer with a pH of 7.8 (Section 2.4.1).

Anti HER-2 antibodies, (purchased pre-diluted from Ventana medical systems) was applied to
slides and incubated for 20 minutes at 37°C. To prevent background staining, endogenous
proteins and peroxides were blocked using Ventana diluent/option 1. Staining was enhanced by

adding a post-antibody incubation amplification step using Ventana amplifier.

After series of washes, slides were incubated in hydrogen peroxidase, universal HRP multimer
(which contains labelled secondary antibodies) and universal DAB chromogen for colour
development. Slides were then counterstained in haematoxylin 1 for 12 minutes before applying
a blueing reagent for 4 minutes.

Starting with the product insert (contains initial recommended protocol), we varied various
stages of the staining process such as incubation time, heat, counterstain, amplification and
blocking. Each summary has been provided (Table 3.3). Subsequently, a representative picture

of each protocol has also been provided (figure 3.8- 3.11)

With regards to the various protocols, Experimental protocol 2 produced the best IHC staining

outcome. Staining intensity was optimum with little background staining.
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Table 3. 3 IHC Experimental protocols for Anti HER-2/neu (4B5) rabbit monoclonal

primary antibody.

Experimental protocol 1

Experimental protocol 2

Experimental protocol 3

Control tissue- Breast carcinoma

(Optimised protocol)

Control tissue- Breast
carcinoma

Control tissue- Breast carcinoma

Deparaffinization- 72°C for 4
minutes

Deparaffinization- 72°C for 4
minutes

Deparaffinization- 72°C for 4
minutes

Antigen retrieval- CC1 95-100°C
for 32 minutes

Antigen retrieval- CC1 95-
100°C for 4 minutes

Antigen retrieval- CC1 95-100°C
for 64 minutes

Blocking- Not added

Block-Ultra block with
Ventana diluent

Block-Ultra block with Ventana
diluent

Ab incubation at 37°C for 16
Minutes

Ab incubation at 37°C for 20
minutes

Ab incubation at 37°C for 32
minutes

Amplification- not required

Amplification- Ventana
amplifier

Amplification- not required

Detection kit- Ultraview

Detection kit- Ultraview

Detection kit- Ultraview

Counterstain for 8 minutes

Counterstain for 12 minutes

Counterstain for 12 minutes

blueing reagent (4 Minutes)

blueing reagent (4 Minutes)

blueing reagent (4 Minutes)
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IHC optimisation using negative control
2 (4B5) rabbit monoclonal primary antibody in FFPE human breast

HER-2/neu
HER

Figure 3. 8 Anti

IHC staining of anti

carcinoma tissue. Ventana ultraview DAB detection. Negative staining in breast carcinoma

IHC optimisation using Experimental protocol 1
2 (4B5) rabbit monoclonal primary antibody in FFPE human breast

HER-2/neu

IHC staining of anti-HER

carcinoma tissue. CC1

Figure 3. 9 Anti

Ventana

, Ab incubation= 16 Minutes, No amplification,

32 Minutes

ultraview DAB detection. Weak membranous staining (Arrows) in breast carcinoma tissues.

X100 magnification.
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protocol)
IHC staining of anti-HER-2 (4B5) rabbit monoclonal primary antibody in FFPE human breast

carcinoma tissue. CC1= 32 Minutes, blocking, Ab incubation= 20 Minutes, Amplification
added, Ventana ultraview DAB detection. Optimum membranous staining (arrows) in breast
carcinoma tissues. X100 magnification.

Figure 3. 11 Anti-HER-2/neu IHC optimisation using Experimental protocol 3

IHC staining of anti-HER-2 (4B5) rabbit monoclonal primary antibody in FFPE human breast
carcinoma tissue. CC1= 64 Minutes, blocking, Ab incubation= 32 Minutes, No amplification,
Ventana ultraview DAB detection. Strong membranous staining (arrows) in breast carcinoma
tissues. X100 magnification
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3.1.4 Optimisation of SOX-2 antibody immunoreactivity in tissues using IHC

Anti-SOX-2 (SP76) rabbit monoclonal primary antibody (Cell marque, UK) was optimised for
IHC using human fallopian tube tissue samples from Ysbyty Glan Clwyd. Sections were cut as
previously described (sections 2.5.5). Sectioned tissue slides were placed in an incubator (set
to 60°C) for 30-60 minutes and then transferred to the Ventana Benchmark ULTRA (Automated
IHC/ISH slide staining system) for IHC.

Slides were deparaffinised at 72°C for 4 minutes using EZ prep solution (Section 2.4.3).
Antigen retrieval was performed using the heat induced epitope retrieval method by exposing
the slides to cell conditioning 1 (standard CC1) at 95-100°C for 72 minutes. CC1 is a tri-based
EDTA buffer with a pH of 7.8 (Section 2.4.1).

Anti-SOX2 primary monoclonal antibodies, (Cell marque, UK) was applied to slides and
incubated for 32 minutes at 37°C. To prevent background staining, endogenous proteins and

peroxides were blocked using Ventana diluent/option 1.

After series of washes, slides were incubated in universal HRP multimer (which contains
labelled secondary antibodies) and universal DAB chromogen for colour development. Slides
were then counterstained in haematoxylin 1 for 12 minutes before applying a blueing reagent

for 4 minutes.

Starting with the product insert (contains initial recommended protocol), we varied various
stages of the staining process such as incubation time, heat, counterstain, amplification and
blocking. Each summary has been provided (Table 3.4). Subsequently, a representative picture

of each protocol has also been provided (figures 3.12-3.14)
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Table 3. 4 IHC Experimental protocols for Anti-SOX2 (SP76) rabbit monoclonal primary

antibody.

Optimum staining was achieved by increasing antigen retrieval time, length of primary
antibody incubation and adding a blocking and amplification step.

Control tissue- Fallopian tube

Control tissue- Fallopian tube

Detection kit- Ultraview

Detection kit- Ultraview

Deparaffinization- 72°C for 4 minutes

Deparaffinization- 72°C for 4 minutes

Antigen retrieval- CC1 95-100°C for 32 minutes

Antigen retrieval- CC1 95-100°C for 76 minutes

Ab incubation at 37°C for 16 minutes

Ab incubation at 37°C for 32 minutes

Blocking- Not required

Block-Ultra block with VVentana diluent

Amplification- not required

Amplification- Ventana amplifier

Counterstain (8 minutes)

Counterstain (12 minutes)

blueing reagent (4 minutes)

blueing reagent (4 minutes)

Figure 3. 12 Anti-SOX-2 IHC optimisation using negative control
IHC staining of anti-SOX-2 monoclonal primary antibody in FFPE human fallopian tube tissue.
Ventana ultraview DAB detection. No staining X100.
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Figure 3. 13 Anti-SOX-2 IHC optimisation using Experimental protocol 1 (Package

insert)

IHC staining of anti-SOX-2 (SP76) rabbit monoclonal primary antibody in FFPE human
fallopian tube tissue. CCl= 32 Minutes, blocking, Ab incubation= 16 Minutes, No
amplification, Ventana ultraview DAB detection. Nuclear and cytoplasmic staining (brown) in

fallopian tissues. X100 magnification

*"‘{. \
3 «‘C o &

%

Figure 3. 14 Anti-SOX-2 IHC optimisation using Experimental protocol 2 (Optimised
protocol)

IHC staining of anti-SOX-2 (SP76) rabbit monoclonal primary antibody in FFPE human
fallopian tube tissue. CC1= 76 Minutes, blocking, Ab incubation= 32 Minutes, amplification
added, Ventana ultraview DAB detection. Nuclear and cytoplasmic staining (brown) in
fallopian tissues. Reduced background staining. X100 magnification.
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3.1.5 Optimisation of VEGFR-3 antibody immunoreactivity in tissues using IHC

Mouse anti-human VEGFR-3 monoclonal primary antibody (R &D systems, UK) was
optimised for IHC using umbilical cord tissue samples from Ysbyty Glan Clwyd. Sections were
cut as previously described (sections 2.5.5). Sectioned tissue slides were placed in an incubator
(set to 60°C) for 30-60 minutes and then transferred to the Ventana Benchmark ULTRA
(Automated IHC/ISH slide staining system) for IHC.

Slides were deparaffinised at 72°C for 4 minutes using EZ prep solution (Section 2.4.3).
Antigen retrieval was performed using the heat induced epitope retrieval method by exposing
the slides to cell conditioning 1 (mild CC1) at 95-100°C for 52 minutes. CC1 is a tri-based
EDTA buffer with a pH of 7.8 (Section 2.4.1).

Anti-VEGFR-3 mouse monoclonal primary antibody (R & D medical systems, UK) was
applied to slides (1:50 initial dilution) and incubated for 16 minutes at 37°C. To prevent
background staining, endogenous proteins and peroxides were blocked using Ventana

diluent/option 1.

After series of washes, slides were incubated in universal HRP multimer (which contains
labelled secondary antibodies) and universal DAB chromogen for colour development. Slides
were then counterstained in haematoxylin 1 for 12 minutes before applying a blueing reagent

for 4 minutes.

Starting with the product insert (contains initial recommended protocol), we varied various
stages of the staining process such as incubation time, heat, counterstain, amplification and
blocking. Each summary has been provided (Table 3.5). Subsequently, a representative picture

of each protocol has also been provided (Figure 3.15-3.19)
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Table 3. 5 IHC Experimental protocols for anti-VEGFR-3 primary antibody

Experimental protocol 1 Experimental protocol 2 Experimental protocol 3 EQEIIETE Eeioizsl. - (@i see

protocol)
Control tissue- Umbilical cord Control tissue- Umbilical cord Control tissue- Umbilical cord Control tissue- Umbilical cord
Deparaffinization- 72°C Deparaffinization- 72°C Deparaffinization- 72°C Deparaffinization- 72°C
CC1 at 100°C for 32 Minutes CC1 at 100°C for 32 Minutes CC1 at 100°C for 52 Minutes CC1 at 100°C for 52 Minutes
Blocking- not included Blocking- not included Blocking- Ventana diluent Blocking- Ventana diluent
Ab incubation at 37°C for 16 Ab incubation at 37°C for 16 Ab incubation at 37°C for 4 Minutes | Ab incubation at 37°C for
Minutes (1:50 dilution) Minutes (1:100 dilution) (1:100 dilution) 16Minutes (1:200 dilution)
No ultrawash Ultrawash Optiview HRP multimer-8Minutes | Ultrawash
Detection kit- Ultraview Detection kit- Ultraview Detection kit- optiview Detection kit- Ultraview
Counterstain (12 Minutes) Counterstain (12 Minutes) Counterstain (12 Minutes) Counterstain (12 Minutes)
blueing reagent (4 Minutes) blueing reagent (4 Minutes) blueing reagent (4 Minutes) blueing reagent (4 Minutes)
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Figure 3. 15 Anti-VEGFR-3 IHC optimisation using negative control
IHC staining of anti-VEGFR-3 mouse monoclonal primary antibody in FFPE human umbilical cord
tissues. Ventana ultraview DAB detection. No staining in nuclei of endothelial cells within umbilical

cord tissues X100.

Figure 3. 16 Anti-VEGFR-3 IHC optimisation using Experimental protocol 1

IHC staining of VEGFR-3 mouse monoclonal primary antibody in FFPE human umbilical cord
samples. Antibody incubation= 16 Minutes, 1:50 dilution. Ventana ultraview DAB detection. Positive
nuclear and cytoplasmic staining in endothelial cells (Red arrows). Note the nonspecific staining (blue
arrows) within underlying stroma and muscle cell. X100 magnification.
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IHC staining of anti-VEGFR-3 mouse monoclonal primary antibody in FFPE human umbilical cord
samples. Antibody incubation= 16 Minutes, 1:100 dilution, Ultrawash, Ventana ultraview DAB
detection. Positive nuclear and cytoplasmic staining in endothelial cells (red arrows). Note the
nonspecific staining (blue arrow) within underlying stroma and muscle cell. Nonspecific staining is
reduced compared with Experimental protocol 1. X100 magnification.
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Figure 3. 18 Anti-VEGFR-3 IHC optimisation using experimental protocol 3
IHC staining of VEGFR-3 mouse monoclonal primary antibody in FFPE human umbilical cord
samples. Antibody incubation=4 Minutes, 1:100 dilution, Ultrawash, Ventana optiview DAB detection.
Positive nuclear and cytoplasmic staining in endothelial cells (red arrow). Note the nonspecific staining
(Blue arrow) within underlying stroma and muscle cell. Results from Experimental protocol 3 not
significantly different from Experimental protocol 2. Nonspecific staining present in both protocols.
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Figure 3. 19 Anti-VEGFR-3 IHC optimisation using Experimental protocol 4 (Optimised
protocol)

IHC staining of VEGFR-3 mouse monoclonal primary antibody in FFPE human umbilical cord
samples. Antibody incubation= 16 Minutes, 1:200 dilution, Ultrawash, Ventana ultraview DAB
detection, post-staining amplification. Positive nuclear staining in endothelial cells (brown). Note the
significantly reduced nonspecific staining within underlying stroma and muscle cell.

3.1.6 Optimisation of CEACAM-1 antibody immunoreactivity in tissues using IHC

Anti-CEACAM-1 mouse polyclonal primary antibody (R &D systems, UK) was optimised for IHC
using colon carcinoma tissue samples from Ysbyty Glan Clwyd. Sections were cut as previously
described (sections 2.5.5). Sectioned tissue slides were placed in an incubator (set to 60°C) for 30-60
minutes and then transferred to the Ventana Benchmark ULTRA (Automated IHC/ISH slide staining
system) for IHC.

Slides were deparaffinised at 72°C for 4 minutes using EZ prep solution (Section 2.4.3). Antigen
retrieval was performed using the heat induced epitope retrieval method by exposing the slides to cell
conditioning 1 (mild CC1) at 95-100°C for 36 minutes. CC1 is a tri-based EDTA buffer with a pH of
7.8 (Section 2.4.1).

Anti-CEACAM-1 mouse polyclonal primary antibody (R & D medical systems, UK) was applied to
slides (1:20 initial dilution, optimum dilution was 1:200) and incubated for 28 minutes at 37°C. To
prevent background staining, endogenous proteins and peroxides were blocked using Ventana

diluent/option 1. A post-staining amplification step was included in the Optimised protocol.
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After series of washes, slides were incubated in universal HRP multimer (which contains labelled
secondary antibodies) and universal DAB chromogen for colour development. Slides were then
counterstained in haematoxylin 1 for 12 minutes before applying a blueing reagent for 4 minutes.

Starting with the product insert (contains initial recommended protocol), we varied various stages of
the staining process such as incubation time, heat, counterstain, amplification and blocking. Each

summary has been provided (Table 3.6). Subsequently, a representative picture of each protocol has

also been provided (figures 3.20-3.23).

Experimental protocol 1

Control tissue- Colon

Experimental protocol 2

(optimised protocol)

Control tissue- Colon

Table 3. 6 IHC Experimental protocols for anti-CEACAM-1 primary antibod

Experimental protocol 3

Control tissue- Colon

Deparaffinization- 72°C

Deparaffinization- 72°C

Deparaffinization- 72°C

CC1 at 100°C for 36 Minutes

CC1 at 100°C for 36 Minutes

CC1 at 100°C for 36 Minutes

Blocking- Not added

Blocking- Option 1

Blocking- Option 1

Anti CEACAM-1 Ab at 37°C
for 8 Minutes (1:50 dilution)

Anti CEACAM-1 Ab at 37°C
for 8 Minutes (1:100 dilution)

Anti CEACAM-1 Ab at 37°C
for 28 Minutes (1:200 dilution

amplify

Amplify

Detection kit- Ultraview

Detection kit- Optiview

Detection kit- Ultraview

Counterstain (12 Minutes)

Counterstain (12 Minutes)

Counterstain (12 Minutes)

blueing reagent (4 Minutes)

blueing reagent (4 Minutes)

blueing reagent (4 Minutes)
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Figure 3. 20 Anti-CEACAM-1 IHC optimisation using negative control
IHC staining of anti-CEACAM-1 mouse polyclonal primary antibody in FFPE human umbilical cord
tissues. Ventana ultraview DAB detection. No staining in nuclei of endothelial cells within umbilical
cord tissues. X100 magnification.

Figure 3. 21 Anti-CEACAM-1

IHC staining of CEACAM-1 mouse polyclonal primary antibody in FFPE human colon carcinoma
samples. Antibody incubation= 8 Minutes, 1:50 dilution. Ventana ultraview DAB detection. Positive
membranous and cytoplasmic staining in colon epithelial cells (brown). X100 magnification.
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Figure 3. 22 Anti-CEACAM-1 IHC optimisation using experimental protocol 2 (optimised
protocol)

IHC staining of CEACAM-1 mouse polyclonal primary antibody in FFPE human colon carcinoma
samples. Antibody incubation= 8 Minutes, 1:100 dilution. Ventana ultraview DAB detection. Positive
membranous and cytoplasmic staining in colon epithelial cells (brown). X100 magnification.

Figure 3. 23 Anti-CEACAM-1 IHC optimisation employing experimental protocol 3

IHC staining of CEACAM-1 mouse polyclonal primary antibody in FFPE human colon carcinoma
samples. Antibody incubation= 23 Minutes, 1:200 dilution. Ventana ultraview DAB detection. Positive
membranous and cytoplasmic staining in colon epithelial cells (brown). X100 magnification.
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3.1.7 Optimisation of Thrombomodulin antibody immunoreactivity in tissues for IHC

Anti-Thrombomodulin (1009) mouse monoclonal antibody was optimised for IHC using human bladder
tissues samples from Ysbyty Glan Clwyd. Sections were cut as previously described (section 2.5.5).
Sectioned tissue slides were placed in an incubator (set to 60°C) for 30-60 minutes and then transferred
to the Ventana Benchmark XT (Automated IHC/ISH slide staining system) for IHC. In the first step,

slides were deparaffinised at 72°C for 4 minutes using Ventana EZ prep solution (section 2.4.3).

Antigen retrieval was performed using the heat induced epitope retrieval method by exposing the slides
to cell conditioning 1 (Standard CC1) at 95-100°C for 64 minutes. CC1 is a tri-based EDTA buffer with
a pH of 7.8 (Section 2.4.1).

Anti-Thrombomodulin mouse primary monoclonal antibodies, (cell Marque, UK), was applied to slides
and incubated for 32 minutes at 37°C. After series of washes, slides were incubated in hydrogen
peroxidase, universal HRP multimer (which contains labelled secondary antibodies) and universal DAB
chromogen for colour development. Following antibody incubation, staining was amplified by using

Ventana amplifier. Furthermore, an ultrawash step was included in the Optimised protocol

Slides were then counterstained in haematoxylin 1 for 12 minutes before applying a blueing reagent for

4 minutes.

Summarised optimisation information for anti-Thrombomodulin is provided in table 3.9 and examples

of staining outcome using the various protocols are provided in figures 3.24, 3.25, 3.26
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Table 3. 7 IHC Experimental protocols for anti-Thrombomodulin primary monoclonal antibody.

Experimental protocol 1

Experimental protocol 2

(optimised protocol)

Control tissue- Bladder

Control tissue- Bladder

Deparaffinization- 72°C for 4 minutes

Deparaffinization- 72°C for 4 minutes

Antigen retrieval- CC1 for 72 minutes

Antigen retrieval- CC1 for 8 minutes

Blocking- Not applied

Blocking- option 1

Ab incubation at 37°C for 16Minutes

Ab incubation at 37°C for 32 minutes

Amplification- not required

Amplification- Ventana amplifier

Ultrawash

Detection kit- Ultraview

Detection kit- Ultraview

Counterstain for 8 minutes

Counterstain for 12 minutes

blueing reagent (4 Minutes)

blueing reagent (4 Minutes)

Figure 3. 24 Anti-Thrombomodulin IHC negative control

IHC staining of anti-Thrombomodulin mouse polyclonal primary antibody in FFPE human Bladder
tissues. Ventana ultraview DAB detection. No staining in cytoplasmic or membranous staining in
epithelial cells within bladder tissues. X100 magnification.
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Figure 3. 25 Anti-Thrombomodulin IHC protocol 1
IHC staining of anti-Thrombomodulin mouse polyclonal primary antibody in FFPE human Bladder
tissue. Antibody incubation= 16 Minutes, no amplification, Ultrawash added, Ventana ultraview DAB
detection. Positive membranous and cytoplasmic staining in Bladder epithelial cells (Red arrows). X100

magnification.
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Figure 3. 26 Anti-Thrombomodulin IHC protocol 2 (optimised protocol)
IHC staining of anti-Thrombomodulin mouse polyclonal primary antibody in FFPE human Bladder
tissue. Antibody incubation= 32 Minutes, amplification step added, Ultrawash step added, Ventana
ultraview DAB detection. Strong Positive membranous and cytoplasmic staining in Bladder epithelial
cells (Red arrows). X100 magnification.
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3.1.8 Optimisation of anti-CD31 antibody immunoreactivity in tissues using IHC

Anti-CD31 (JC70) mouse monoclonal antibody was optimised for IHC using placenta tissue samples
from Ysbyty Glan Clwyd. Sections were cut as previously described (section 2.3.5). Sectioned tissue
slides were placed in an incubator (set to 60°C) for 30-60 minutes and then transferred to the Ventana
Benchmark XT (Automated IHC/ISH slide staining system) for IHC. In the first step, slides were

deparaffinised at 72°C for 4 minutes using Ventana EZ prep solution (section 2.2.3).

Antigen retrieval was performed using the heat induced epitope retrieval method by exposing the slides
to cell conditioning 1 (Standard CC1) at 95-100°C for 64 minutes. CC1 is a tri-based EDTA buffer with
a pH of 7.8 (Section 2.2.1).

Anti-CD31 mouse primary monoclonal antibodies, (purchased prediluted from Ventana medical
systems), was applied to slides and incubated for 32 minutes at 37°C. After series of washes, slides were
incubated in hydrogen peroxidase, universal HRP multimer (which contains labelled secondary

antibodies) and universal DAB chromogen for colour development.

Slides were then counterstained in haematoxylin 1 for 12 minutes before applying a blueing reagent for

4 minutes. Figures 3.27-3.28 show representative pictures of optimised CD34 staining in control tissue.
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Figure 3. 27 Anti-CD31 IHC negative control

IHC staining of CD31 mouse polyclonal primary antibody in FFPE human placenta samples. Negative
control slide. No membranous and cytoplasmic staining in vascular endothelial cells. X100
magnification.
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Figure 3. 28 Anti-CD31 IHC optimisation using optimised protocol
IHC staining of CD31 mouse polyclonal primary antibody in FFPE human placenta samples. Antibody
incubation= 32 Minutes. Ventana ultraview DAB detection. Positive membranous and cytoplasmic
staining in vascular endothelial cells (Red arrows). X100 magnification.

3.1.9 Optimisation of anti-CD34 antibody immunoreactivity in tissues using IHC

Anti-CD34 (QBENd/10) mouse monoclonal antibody was optimised for IHC using appendix, Tonsil
tissue samples from Ysbyty Glan Clwyd. Sections were cut as previously described (section 2.3.5).
Sectioned tissue slides were placed in an incubator (set to 60°C) for 30-60 minutes and then transferred
to the Ventana Benchmark XT (Automated IHC/ISH slide staining system) for IHC. In the first step,

slides were deparaffinised at 72°C for 4 minutes using Ventana EZ prep solution (section 2.2.3).

Antigen retrieval was performed using the heat induced epitope retrieval method by exposing the slides
to cell conditioning 1 (Standard CC1) at 95-100°C for 64 minutes. CC1 is a tri-based EDTA buffer with
a pH of 7.8 (Section 2.2.1).

Non-specific binding was prevented by blocking in ventana option 1 solution. Anti-CD34 mouse
primary monoclonal antibodies, (purchased prediluted from Ventana medical systems), was applied to
slides and incubated for 32 minutes at 37°C. Staining was amplified by adding post-stain amplification

step.

After series of washes, slides were incubated in hydrogen peroxidase, universal HRP multimer (which
contains labelled secondary antibodies) and universal DAB chromogen for colour development. Slides
were then counterstained in haematoxylin 1 for 12 minutes before applying a blueing reagent for 4

minutes. Figures 3.29-3.30 show representative pictures of optimised CD34 staining in control tissue.
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CD34 IHC negative control
IHC staining of CD34 mouse polyclonal primary antibody in FFPE human placenta samples. Negative
control slide. No membranous and cytoplasmic staining in vascular endothelial cells. X100 magnification
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Figure 3. 30 Anti-CD34 IHC optimisation using optimised protocol

IHC staining of CD34 mouse polyclonal primary antibody in FFPE human placenta samples.
Endogenous blocking Antibody incubation= 32 Minutes, post-stain amplification. Ventana ultraview
DAB detection. Positive membranous and cytoplasmic staining in vascular endothelial cells (Red
arrows). X100 magnification
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3.2 Summary of antibody and IHC optimisation

In summary, results from the optimisation of IHC methods are provided in Table 3.8. For each antibody,
manufacturer recommended protocols were modified and several IHC assays were performed on
various control tissues for optimum performance.

These optimised protocols were used as templates for staining FFPE bladder tissues obtained during
TURBT for the treatment of BC. Optimisation, verification and IHC analysis of all tissues and protocols
were performed to enhance the overall quality, validation and reliability of the IHC results. The
identification of a good biomarker profile may enhance management and monitoring of BC patients

following surgical treatment via TURBT.
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Table 3. 8 Summarised optimised protocols for IHC.

Optimised S100P

protocol

Control tissue-

Optimised COX-2
protocol

Control tissue-
Colon

Optimised HER-2
protocol

Control tissue-

Optimised SOX-2
protocol

Control tissue-

Optimised
VEGFR-3
protocol

Control tissue-

Optimised
CEACAM-1
protocol

Control tissue-

Optimised CD31
protocol

Control tissue-

Optimised CD34
protocol

Control tissue-

Optimised
Thrombomodulin
protocol

Control tissue-

Placenta . Breast carcinoma Fallopian tube Umbilical cord Colon Placenta placenta Bladder
adenocarcinoma

Detection kit- Detection Kit- Detection kit- Detection kit- Detection kit- Detection kit- Detection kit- Detection Kit- Detection kit-
Ultraview Ultraview Ultraview Ultraview Ultraview Ultraview Ultraview Ultraview Ultraview
Deparaffinization- | Deparaffinization- TR L Deparaffinization- | Deparaffinization- | Deparaffinization- | Deparaffinization- | Deparaffinization-
72°C for 4 72°C for 4 DETERUMER || DEEEEEe: | cpde G 72°C for 4 72°C for 4 72°C for 4 72°C for 4

" - 72°C for 4 minutes | 72°C for 4 minutes - : - - -
minutes minutes minutes minutes minutes minutes minutes
Antigen retrieval- | Antigen retrieval- | Antigen retrieval- Antigen retrieval- o o o o . N
Protease 1 for 8 CC1 95-100°C for | CC1 95-100°C for 4 | CC1 95-100°C for CClat100°C for | CC1 at 100°C for | CC1 at 100°C for | CC1 at 100°C for | Antigen retrl_eval

. : : . 52 minutes 36 minutes 64 minutes 64 minutes CC1 for 8 minutes
minutes 64 minutes minutes 76 minutes
Blocking- not Blocking- not \IIBV:?hC Ii;tlr::;?]:mck Ev:?ﬁ Ii;tlr::;?]:mck Blocking- Blocking- Blocking- Not Blocking- Blocking-
required required Ventana diluent Ventana diluent required Ventana diluent Ventana diluent

diluent

diluent

Ab incubation at

Ab incubation at

Ab incubation at

Ab incubation at

Ab incubation at
37°C for 16

Anti CEACAM-1
Ab at 37°C for 28

Anti CEACAM-1

Anti CEACAM-1

Ab incubation at

0 0 0, 0 0
37. C for 24 37. C for 32 37°C for 20 minutes | 37°C for 32 minutes | Minutes (1:200 Minutes (1:200 At.) at 37°C for 32 Ak.) at 37°C for 32 37. C for 32
minutes minutes P P Minutes Minutes minutes
dilution) dilution
Amplification- Amplification- Amplification- Amplification- . Amplification- Amplification- Ampllflcatlon.- .
. : . - Ultrawash Amplify : L Ventana amplifier
Ventana amplifier | not required Ventana amplifier Ventana amplifier not required Ventana amplifier & Ultrawash
Counterstain for Counterstain for Counterstain for 12 | Counterstain (12 Counterstain (12 | Counterstain (12 | Counterstain (12 | Counterstain (12 | Counterstain for
12 minutes 12 minutes minutes minutes) Minutes) Minutes) Minutes) Minutes) 12 minutes

blueing reagent (4
Minutes)

blueing reagent (4
Minutes)

blueing reagent (4
Minutes)

blueing reagent (4
minutes)

blueing reagent (4
Minutes)

blueing reagent (4
Minutes)

blueing reagent (4
Minutes)

blueing reagent (4
Minutes)

blueing reagent (4
Minutes)
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inflammatory markers in BC patients, and their

association with recurrence and progression
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4.1 Synopsis

During this study, the association between various inflammatory biomarkers and BC recurrence
and progression was investigated. 40 patients (n=40) scheduled for a transurethral resection of
the Bladder tumour (TURBT) surgery were recruited after informed consent (section 2.5.2).
Blood sampling collection procedures were undertaken pre-operatively and at 1 month, 3

months and 6 months post-operatively (section 2.5.3).

Blood samples were analysed for the detection of MIP-2, CD31, IL-6, IL-8, TNF-a, CD40L,
TGF-a, angiopoietin-2 and Osteopontin. The concentrations of these inflammatory markers
were analysed using commercially available ELISA (sections 2.5.8) and the Bioplex multiplex

system (section 2.5.6).

The main aim of this pilot clinical study was to assess the relationship between changing levels
of serum inflammatory markers in patients undergoing treatment for BC and BC
recurrence/progression. Due to the high rates of recurrence in BC, it is anticipated that
significant changes in biomarker levels could help predict patients who are at an increased risk

of recurrence.

4.2 Results
4.2.1 Changes in MIP-2 concentration following TURBT for NMIBC treatment

Figure 4.1 represents changes to macrophage inflammatory protein 2 (MIP-2) concentrations
(pg/ml) in patients who had TURBT for the treatment of NMIBC. There was a significant
decrease in MIP-2 concentration up to 6 months after TURBT (X?(3) = 14.44, p=0.001), as
determined by the Friedman test. Data are presented in box plots using median (interquartile
ranges). MIP-2 concentration increased from 347 pg/ml, (308-499) at baseline, to 389 pg/ml,
(303-536) at 1-month post-operative. The MIP-2 concentrations then decreased to 285 pg/ml,
(235-530) at 3-months post-operative and further decreased to 206 pg/ml (189-320) at 6-months
post-operative. On further statistical analysis using the Wilcoxon’s signed test, there was a
significant difference between baseline and 6-month post-operative MIP-2 concentrations (Z=-
3.26, p=0.001, r=0.75).
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Figure 4. 1 Changes in MIP-2 concentration following TURBT for NMIBC treatment.
The results show [Median, (interquartile range)], X2(3) = 14.44, p=0.001 as determined by

Friedman, significant difference (*) between baseline and 6 months post-operative (Z=-3.26,
p=0.001, r= 0.75) as determined by Wilcoxon’s signed test, n=40.

4.2.2 Changes in CD31 (PECAM-1) concentration following TURBT for BC treatment.

Figure 4.2 represents changes to CD31 concentrations (pg/ml) in patients who had TURBT for
the treatment of NMIBC. This parameter was measured as a potential biomarker for
inflammation and angiogenesis, hallmarks of tumour growth. There was a statistically
significant increase in CD31 concentration (X?(3) = 13.94, p=0.003) up to 6-months post-
operative, as determined by the Friedman test. Data are presented in box plots using median
(interquartile ranges). Baseline levels of 9004 pg/ml (7546-12247), CD31 concentration
increased at 1-month post-operative [12254 pg/ml, (8570-14862)] and at decreased 3-months
post-operative [10717 pg/ml, (9845-17196)]. At 6-months post-operative however, CD31
concentrations slightly increased to 11160 pg/ml, (10052-14692). On further statistical analysis
using the Wilcoxon’s signed test, there as a statistically significant difference between baseline
versus 3-months post-operative (Z= -3.10, p=0.002, r= 0.75) and 6-months post-operative (Z=
-3.20, p=0.001, r=0.78).
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Figure 4. 2 Changes in CD31 concentration following TURBT for NMIBC treatment.
The results show [Median, (interquartile range)], p=0.003 as determined by Friedman,
significant difference (*) between baseline & 3 months (Z= -3.10, p=0.002, r= 0.75) and
baseline & 6 months (Z=-3.20, p=0.001, r= 0.78) post-operative as determined by Wilcoxon’s
signed, n=40

4.2.3 Changes in Interleukin-6 (IL-6) concentration following TURBT for BC treatment.

Figure 4.3 represents changes to IL-6 concentration (pg/ml) in patients who had TURBT for
the treatment of NMIBC. This parameter was measured due to its roles in inflammation and the
potential role this plays in tumour growth. The serum IL-6 concentration showed a decreased
trend up to 6 months post-operatively. Data are presented in box plots using median
(interquartile ranges). Serum IL-6 concentrations increased from 179 pg/ml (35-250) at
baseline, to 181 pg/ml (46-261) at 1-month post-operative. IL-6 concentration then decreased
at 3-months post-operative to 166 pg/ml (37-228), and further decreased at 6-months post-
operative to 163 pg/ml (34-209). There was no statistical significance, as determined by the
Friedman test (X?(3) = 4.059, p=0.255).
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Figure 4. 3 Changes in IL-6 concentration following TURBT for BC treatment.
The results show [Median, (interquartile range)], X?(3) = 4.059, p=0.25 as determined by
Friedman, n=40.

4.2.4 Changes in Interleukin-8 (IL-8) concentration following TURBT for BC treatment.

Figure 4.4 represents changes to serum IL-8 concentration (pg/ml) in patients who had TURBT
for the treatment of NMIBC. This parameter was measured due to its roles in inflammation and
the potential role this plays in tumour growth. The serum IL-8 concentration showed a
decreased trend up to 6 months post-operatively. Data are presented in box plots using median

(interquartile ranges).

IL-8 concentration decreased from 66 pg/ml (13-82) at baseline, to 63 pg/ml (16-94) at 1-month
post-operative and further decreased to 40 pg/ml (13-75) at 3-months post-operative. I1L-8
concentration however increased to 52 pg/ml (13-77) at 6-months post-operative. There was no
statistical significance, as determined by the Friedman test (X?(3) = 5.400, p=0.15).
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Figure 4. 4 Changes in IL-8 concentration following TURBT for BC treatment.
The results show median, (interquartile range), X?(3) = 5.400, p=0.15 as determined by
Friedman, n=40.

4.2.5 Changes in Tumour Necrosis Factor- o (TNF-a) concentration following TURBT for

BC treatment.

Figure 4.5 represents changes to serum TNF-a concentration (pg/ml) in patients who had
TURBT for the treatment of NMIBC. This parameter was measured due to its roles in
inflammation and the potential role this plays in tumour growth. The serum TNF-a
concentration showed a decreased trend up to 6 months post-operatively. Data are presented in
box plots using median (interquartile ranges).

TNF-a serum concentration initially increased from 80 pg/ml (30-103) at baseline to 86 pg/ml
(34-115) at 1-month post-operative. The concentrations decreased at 3-months post-operative
[70 pg/ml (26-101) and finally increased at 6-months post-operative 75 pg/ml (27-96). There
was no statistical significance, as determined by the Friedman test (X?(3) = 1.447, p=0.69).
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Figure 4. 5 Changes in TNF-a concentration following TURBT for BC treatment.
The results show [Median, (interquartile range)], X?(3) = 1.447, p=0.69 as determined by
Friedman, n=40.

4.2.6 Changes in sCD40L concentration following TURBT for BC treatment

Figure 4.6 represents changes to SCD40L concentrations (pg/ml) in patients who had TURBT
for the treatment of NMIBC. This parameter was measured as a marker of inflammation in
patients undergoing treatment for NMIBC. Data are presented in box plots using median
(interquartile ranges). There was a trend of decreasing SCD40L concentration up to 6 months
following TURBT. Serum sCD40L concentration decreased from baseline [913 pg/ml (398-
1071)] to 887 pg/ml (379-1136), at 1-month post-operative and further decreased to 800 pg/ml
(227-1017) at 3-months post-operative, before increasing to 827 pg/ml (277-968) at 6-months
post-operative. Using the Friedman test, there was no statistically significant change (X*(3)
=7.376, p=0.06) in SCD40L concentration following TURBT.
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Figure 4. 6 Changes in SCD40L concentration following TURBT for NMIBC treatment.
The results show Median, (interquartile range), X?(3) =7.376, p=0.06 as determined by
Friedman. n=40.

4.2.7 Changes in Angiopoietin-2 concentration following TURBT for NMIBC treatment

Figure 4.7 represents changes to angiopoietin-2 concentrations (pg/ml) in patients who had
TURBT for the treatment of NMIBC. This parameter was measured as a marker of
inflammation in patients undergoing treatment for NMIBC. Data are presented in box plots
using median (interquartile ranges). Angiopoietin-2 concentration increased from baseline
[1924 pg/ml (1142-2324)] to 2114 pg/ml (1381-2715) at 1-month post-operative before
decreasing to 1760 pg/ml (1097-2597), at 3-months post-operative. The angiopoietin-2
concentration, however, slightly increased to 1842 pg/ml (1178-2120) at 6-months post-
operative. Using the Friedman test, there was no statistically significant change (X?(3) = 1.970,
p=0.57) in angiopoietin-2 concentration up to 6-months following TURBT.
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Figure 4. 7 Changes in Angiopoietin-2 concentration following TURBT for NMIBC
treatment. The results show median, (interquartile range), X?(3) = 1.970, p=0.57 as determined
by Friedman, n=40.

4.2.8 Changes in Osteopontin concentration following TURBT for NMIBC treatment

Figure 4.8 represents changes to osteopontin concentrations (pg/ml) in patients who had
TURBT for the treatment of NMIBC. This parameter was measured as potential biomarker for
inflammation and cancer growth. Data are presented in box plots using median (interquartile
ranges). Osteopontin concentration increased from baseline levels [64068 pg/ml (44838-
127748)] to 64756 pg/ml (56123-91427) at 1-month post-operative and 77135 pg/ml (48278-
92111), at 3-months post-operative. At 6-months post-operative however, concentrations
decreased below baseline levels to 57634 pg/ml (49102-69191). No statistical significance was
achieved (X2(3) = 3.49, p=0.32) as determined by the Friedman Test.
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Figure 4. 8 Changes in Osteopontin concentration following TURBT for NMIBC
treatment. The results show [Median, (interquartile range)], X2(3)= 3.49, p=0.32 as

determined by Friedman.

109 |Page




Changes in serum-based inflammatory markers in Bladder Cancer patients, and their
association with recurrence and progression. Chapter four

4.3 Summary of results

Significant changes to two inflammatory biomarkers were reported in BC patients up to 6
months following TURBT. Specifically,

» Serum MIP-2 concentration decreased significantly following TURBT for treatment of
BC (X2(3) = 14.44, p=0.001). There was also significant difference between baseline
and 6-month post-operative MIP-2 concentrations (Z=-3.26, p=0.001, r=0.75).

» Serum CD31 concentration significantly increased following TURBT for treatment of
BC (X3(3) = 13.94, p=0.003). There was also a statistically significant difference
between baseline versus 3-months post-operative (Z= -3.10, p=0.002, r= 0.75) and
baseline versus 6-months post-operative (Z= -3.20, p=0.001, r= 0.78).

» There was a trend of decreasing concentration in serum IL-6 and IL-8. These changes

were however not statistically significant.
> There was no statistically significant change in serum TNF-a [(X?(3) = 1.447, p=0.69],

sCD40L [X?(3) = 7.376, p=0.06], angiopoietin-2 [X?@3) = 1.970, p=0.57] and
Osteopontin [X?(3) = 3.49, p=0.32] concentrations up to 6-months post-operatively.
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5.1 synopsis

This chapter seeks to examine the changes in the levels of serum MMP-2, MMP-3, MMP-9 and
CEACAM-1 in patients scheduled for TURBT at Wrexham Maelor Hospital, for the treatment
of NMIBC. Venous blood samples were taken pre-operatively, and at 1-month, 3-months and
6-months post-operatively.

The MMPs are a group of zinc-binding proteins implicated in the degradation of the extra-
cellular matrix through their proteolytic activities (Lv et al., 2018). As a group, they have also
been implicated in several physiological activities, such as wound healing and embryogenesis
and pathological conditions such as arthritis, cardiovascular conditions, kidney disorders and
cancer (Hadler-Olsen et al., 2011). CEACAM-1 is a glycoprotein expressed on various cells
including endothelial cells, epithelial cells and myeloid cells (Prall et al., 1996), and has been
associated with angiogenesis (Kilic et al., 2005).

The main aim of this clinical pilot-study was to investigate the relationship between changes in
levels of MMP-2, MMP-3, MMP-9 and CEACAM-1 in patients undergoing TURBT for the
treatment of BC. It is envisaged that any changes in MMP serum levels could help in predicting

cancer recurrence and/or progression in current BC patients undergoing treatment.

5.2 Results

5.2.1 Changes in Matrix Metalloproteinase 2 (MMP-2) Concentration following TURBT
for the treatment of NMIBC

Figure 5.1 represents changes to serum MMP-2 concentrations (pg/ml) in patients who had
TURBT for the treatment of NMIBC. Data are presented in box plots using median
(interquartile ranges). Serum MMP-2 concentration showed a decreasing trend up to 6 months
after TURBT for the treatment of BC. MMP-2 concentrations decreased from 17197 pg/ml,
(12729-23288) at baseline (pre-operative) to 17020 pg/ml, (11120-23218) at 1-month post-
operative. MMP-2 concentration demonstrated minimal changes at 3 months [17145 pg/ml,
(12540-25515) before decreasing to 13130 pg/ml, (8965-25847) at 6-months post-operative.
These changes were not statistically significant (X?(3) = 1.06, p=0.787) as determined by

Friedman test.
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Figure 5. 1 Changes in MMP-2 following TURBT for NMIBC treatment.
The results show median, (interquartile range), X?(3) = 1.06, p=0.787 as determined by
Friedman, n=40.

5.2.2 Changes in Matrix Metalloproteinase 3 (MMP-3) Concentration following TURBT
for the treatment NMIBC

Figure 5.2 represents changes to serum MMP-3 concentrations (pg/ml) in patients who had
TURBT for the treatment of NMIBC. Data are presented in box plots using median
(interquartile ranges). Serum MMP-3 concentration showed a decreasing trend up to 6 months
after TURBT for the treatment of BC. MMP-3 concentration initially increased from 6693
pg/ml, (4184-9483) at baseline pre-operative to 7760 pg/ml (3050-9598) at 1-month post-
operative. At 3-months post-operative, however, MMP-3 concentration decreased below pre-
operative levels to 6403 pg/ml, (4324-9963) before decreasing further to 5640 pg/ml, (3541-
9395) at 6 months post-operative. These changes were not statistically significant (X?(3) = 5.22,
p=0.156) as determined by Friedman test.
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Figure 5. 2 Changes in MMP-3 following TURBT for NMIBC treatment. The results show
median, (interquartile range), X?(3) = 5.22, p=0.156 as determined by Friedman, n=40.

5.2.3 Changes in Matrix Metalloproteinase 9 (MMP-9) concentration following TURBT
for the treatment of NMIBC

Figure 5.3 represents changes to MMP-9 concentrations (pg/ml) in patients who had TURBT
for the treatment of NMIBC. Data are presented in box plots using median (interquartile
ranges). There was a significant decrease (X?(3) = 14.43, p=0.002, as determined by Friedman)
in MMP-9 concentration up to 6 months after TURBT for the treatment of NMIBC. The
baseline (pre-operative) serum MMP-9 concentrations decreased from 4141 pg/ml, (3058-
11322) to 2700 pg/ml, (1242-3515) at 1-month post-operative. At 3 months post-operative
however, MMP-9 concentration increased slightly to 3121 pg/ml, (1168-4801) before finally
decreasing to 2257 pg/ml, (1515-3503) at 6 months post-operative. Upon further statistical
analysis using the Wilcoxon’s signed test, there was a significant change between baseline vs
1-month post-operative MMP-9 concentrations (Z= -2.59, p=0.010, r= 0.565). There was also
a significant change between baseline vs 6-month post-operative MMP-9 concentrations (Z= -
3.22, p=0.001, r=0.703).
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Figure 5. 3 Changes in MMP-9 following TURBT for NMIBC treatment. The results show
median, (interquartile range), X?(3) = 14.43, p=0.002 as determined by Friedman, significant
changes between baseline and 1-month post-operative (Z= -2.59, p=0.010, r= 0.565) and
between baseline and 6-months post-operative (Z=-3.22, p=0.001, r= 0.703) n=40.

5.2.4 Changes in CEACAM-1 concentration following TURBT for the treatment of
NMIBC

Figure 5.4 represents changes to MMP-9 concentrations (pg/ml) in patients who had TURBT
for the treatment of NMIBC. Data are presented in box plots using median (interquartile
ranges). Baseline (pre-operative) CEACAM-1 concentrations decreased from 1639 pg/ml,
(1205-2566) to 1555 pg/ml, (1382-2222) at 1-month post-operative. At 3-months post-
operative however, CEACAM-1 concentration increased to 1613 pg/ml, (1392-2366) and
further increased at 6-months post-operative to 1706 pg/ml, (1413-2237). These changes were
not statistically significant (X?(3) = 1.67, p=0.64) as determined by Friedman test.
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Figure 5. 4 Changes in CEACAM-1 following TURBT for NMIBC treatment. The results
show [Median, (interquartile range)], X?(3) = 1.67, p=0.64 as determined by Friedman, n=40

5.3 Summary of results

No significant changes were observed in MMP-2 [X?(3) = 1.06, p=0.787], MMP-3 [X*(3) =
5.22, p=0.156] and CEACAM-1 [X*(3) = 1.67, p=0.64] serum concentrations up to 6 months
following TURBT for the treatment of NMIBC.

There was however a significant decrease in serum MMP-9 concentration [X?(3) = 14.43,
p=0.002] up to 6 months following TURBT for the treatment of NMIBC.

With respect to MMP-9 and its association with angiogenesis and tumour growth, this marker
may be considered to form part of a biomarker profile, for which NMIBC patients could be

monitored as part of their follow-up and surveillance programmes.
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6.1 Synopsis

With regards to this chapter, the major focus was to investigate changes in various serum-based
biomarkers that associate with cancer growth and progression. 40 patients scheduled for
TURBT for the treatment of NMIBC were recruited after informed consent (section 2.5.2).
Blood sampling collection procedures were undertaken pre-operatively and at 1 month, 3

months and 6 months post-operatively (section 2.5.3).

Using commercially available assay kits (sections 2.5.6), serum concentrations of various
cancer growth markers were measured. Specifically, markers investigated included: basic
fibroblast growth factor (bFGF), Follistatin, human epidermal growth factor receptor 2 (HER-
2/neu), platelet derived growth factor (PDGF), Stem cell factor (SCF), soluble epidermal
growth factor receptor (SEGFR), TIE-2 and vascular endothelial growth factors A, C and D
(VEGF-A, VEGF-C and VEGF-D) and VEGF receptors 1 and 2 (VEGFR-1 and VEGFR-2).

The main aim of this study was to investigate the effect of TURBT for the treatment of BC on
novel biomarkers, which may ultimately provide key information that could help predict cancer

recurrence and progression in BC patients following treatment.

6.2 Results
6.2.1 The effect of TURBT on Basic Fibroblast Growth Factor concentration (bFGF)

Figure 6.1 represents changes to serum bFGF (pg/ml) in patients who had TURBT for the
treatment of NMIBC. This parameter was measured as a potential biomarker for angiogenesis,
due to its role as a signalling marker for the FGF gene, which is highly expressed in BC. Data
are presented in bar charts using mean (+ Standard deviation). Baseline bFGF concentration
increased from 414 (£ 163) pg/ml to 456 (£123) pg/ml at 1-month post-operative. bFGF levels
further increased at 3-months post-operative 494 (£155) pg/ml, peaking at 6-months post-
operative 523 (x119) pg/ml. Even though bFGF concentration increased from baseline up to 6
months post-operatively, no statistical significance was achieved (Wilks’ Lambda= 0.67, F (3.45)
=1.933, p=0.137) as determined by the ANOVA Test.
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Figure 6. 1 The effect of TURBT on serum basic Fibroblast growth factor concentration.
The points represent [mean £ SD) as determined by Anova, (Wilks’ Lambda= 0.67, F (348 =
1.933, p=0.137), n=40.

6.2.2 The effect of TURBT on PDGF concentration

Figure 6.2 represents changes to PDGF concentration (pg/ml) in patients who had TURBT for
the treatment of NMIBC. PDGF was measured due to its role as a potential biomarker for
assessing angiogenesis, an important hallmark of cancer growth. Data are presented in box plots
using median (interquartile ranges). There was a significant decrease in serum PDGF
concentration up to 6 months after TURBT [(X?(3) = 10.91, p=0.012), as determined by the
Friedman test]. PDGF concentration decreased from 1714 pg/ml, (1128-2632) at baseline to
1594 pg/ml, (783-2119) at 1-month post-operative and 1331 pg/ml, (702-1496) at 3-months
post-operative. At 6-months post-operative however, PDGF concentration increased to 1431
pg/ml, (903-1932). On further statistical analysis using the Wilcoxon’s signed test, there was a
significant difference between baseline and 3-months post-operative PDGF concentrations (Z=
-2.20, p=0.028, r= 0.534).
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Figure 6. 2 The effect of TURBT on serum PDGF concentration.

The points represent [Median, (interquartile range) p=0.012 as determined by Friedman,
significant difference (*) between baseline Vrs 3-months post-operative ((Z= -2.20, p=0.028,
r=0.534), n=40.

6.2.3 The effect of TURBT on SCF concentration

Figure 6.3 represents changes to SCF concentrations (pg/ml) in patients who had TURBT for
the treatment of NMIBC. SCF was measured as a potential biomarker for cancer growth. Data
are presented in box plots using median (interquartile ranges). There was a significant increase
in SCF concentration up to 6-months after TURBT [(X?(3) = 8.79, p=0.032), as determined by
Friedman test]. SCF concentration increased from 516 pg/ml, (430-617) at baseline to 598
pg/ml, (396-652) at 1-month post-operative. At 3-months post-operative, SCF concentration
decreased to 539 pg/ml, (508-713) before finally increasing to 546 pg/ml, (480-671) at 6-
months post-operative. On further statistical analysis using the Wilcoxon’s signed test, there
was a significant change between baseline and 3-months post-operative (Z=-2.82, p=0.005, r=
0.65).
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Figure 6. 3 The effect of TURBT on serum SCF concentration.

The points represent [Median, (interquartile range), X?(3) = 8.79, p=0.032 as determined by
Friedman, significant difference (*) between baseline versus 3-months post-operative (Z= -
2.82, p=0.005, r=0.65), determined by Wilcoxon’s signed test, n=40.

6.2.4 The effect of TURBT on Follistatin concentration

Figure 6.4 represents changes to Follistatin concentrations (pg/ml) in patients who had TURBT
for the treatment of NMIBC. The parameter was measured as a potential biomarker for
assessing cancer growth following surgical treatment for BC. Data are presented in box plots
using median (interquartile ranges). The serum Follistatin concentration remained relatively
unchanged between baseline 1074 pg/ml, (769-1237) and 1-month post-operative 1057 pg/ml,
(644-1567). The concentration, however, increased at 3-months post-operative 1301 pg/ml,
(812-1516) and at 6 months post-operative 1257 pg/ml, (839-1348). Statistical analysis was
performed using the Friedman test, although no statistical significance was achieved (X?(3) =
2.91, p=0.403).
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Figure 6. 4 The effect of TURBT on serum Follistatin concentration. The points represent
median, (interquartile range) as determined by Friedman X2(3) = 2.91, p=0.403, n=40.

6.2.5 The effect of TURBT on HER-2/neu concentration

Figure 6.5 represents changes to serum HER-2/neu concentrations (pg/ml) in patients who had
TURBT for the treatment of NMIBC. This parameter was measured as a potential biomarker
for assessing cancer growth. HER-2/neu immunoreactivity is usually an indicator of cell
proliferation and can be used to assess cancer growth. Data are presented in box plots using
median (interquartile ranges). There was a trend of decreasing HER-2/neu concentration up to
6 months post-operatively. HER-2/neu serum concentration decreased from 5406 pg/ml, (3446-
7823) at baseline, to 4157.43 pg/ml, (3309-7471) at 1-month post-operative. At 3-months post-
operative however, HER-2/neu concentration increased to 4930 pg/ml, (4140-5884) before
finally decreasing to at 6-months post-operative to 4396 pg/ml, (3752-5559). There was no
statistical significance (X?(3) = 4.441, p=0.22), as determined by the Friedman test.
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Figure 6. 5 The effect of TURBT on serum HER-2/neu concentration.
The points represent [Median, (interquartile range), X2(3) = 4.441, p=0.22], as determined by
Friedman, n=40.

6.2.6 The effect of TURBT on SEGFR concentration

Figure 6.6 represents changes to SEGFR concentrations (pg/ml) in patients who had TURBT
for the treatment of NMIBC. sEGFR was measured as potential biomarkers for cancer growth.
Data are presented in box plots using median (interquartile ranges). SEGFR serum
concentration decreased from 14384 pg/ml, (11930-22672) at baseline to 13093 pg/ml, (10539-
19821) at 1-month post-operative. At 3-months post-operative, serum sEGFR concentration
increased to 15148 pg/ml, (12081-19085) before decreasing to 14869 pg/ml, (12659-17502) at
6-months post-operative. There was no significant change in SEGFR concentrations (X*(3) =
5.26, p=0.15) as determined by the Friedman test.
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Figure 6. 6 The effect of TURBT on serum sEGFR concentration.
The points represent [Median, (interquartile range), (X?(3) = 5.26, p=0.15 as determined by
Friedman, n=40.

6.2.7 The effect of TURBT on EGF concentration

Figure 6.7 represents changes to EGF concentrations (pg/ml) in patients who had TURBT for
the treatment of NMIBC. EGF was measured as potential biomarkers for cancer growth. Data
are presented in box plots using mean (£SD). Serum EGF concentrations were relatively
unchanged from baseline 120 (x 47) to 1-month post-operative (121 £+ 51). At 3-months post-
operative, serum EGF concentration decreased to 101 (+ 47) and moderately increased at 6-
months post-operative to 105 (x 51). Statistically, these changes were not significant, as
determined by the Anova test (Wilk’s Lambda= 0.67, F (34¢) = 2.839, p=p=0.09).
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Figure 6. 7 The effect of TURBT on serum EGF concentration.
The points represent [Mean + SD], Wilk’s Lambda= 0.67, F (348 = 2.839, p=0.09, as
determined by Anova, n=40.

6.2.8 The effect of TURBT on TIE-2 concentration

Figure 6.8 represents changes to TIE-2 concentrations (pg/ml) in patients who had TURBT for
the treatment of NMIBC. TIE-2 was measured as a potential biomarker for angiogenesis. Data
are presented in box plots using median (interquartile ranges). TIE-2 concentration increased
from 10896 pg/ml, (9504-12426) at baseline to 11139 pg/ml, (8620-13018) at 1-month post-
operative. At 3-months post-operative, TIE-2 concentration decreased to 10620 pg/ml, (9302-
13296) before increasing to 10723 pg/ml, (8974-13252) at 6-months post-operative. There was
no statistical significance (X?(3) = 1.52, p=0.68) as determined by the Friedman test.
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Figure 6. 8 The effect of TURBT on serum TIE-2 concentration. The points represent
[Median, (interquartile range) X?(3) = 1.52, p=0.68 as determined by Friedman, n=40.

6.2.9 The effect of TURBT on VEGF-A concentration

Figure 6.9 represents changes to VEGF-A concentrations (pg/ml) in patients who had TURBT
for the treatment of NMIBC. This marker was investigated due to its roles in tumour growth

and angiogenesis. Data are presented in box plots using median (interquartile ranges).

With regards to VEGF-A, baseline serum concentrations increased from 1244, (430-1441)
(pg/ml) to 1255 (401-1472) (pg/ml) at 1-month post-operative. At 3-months post-operative,
serum concentrations decreased to 1221 (336-1343) (pg/ml) and further decreased at 6-months
post-operative to 1136 (330-1277) (pg/ml). There was no statistical significance in VEGF-A
serum concentrations up to 6-months after TURBT (X*(3) = 3.776, p=0.29), as determined by
the Friedman test.
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Figure 6. 9 The effect of TURBT on serum VEGF-A concentration
VEGF-A, points represent [Median, (interquartile range) X?(3) = 3.776, p=0.29 as determined
by Friedman, no=40

6.2.10 The effect of TURBT on VEGF-C concentration

Figure 6.9 represents changes to VEGF-C concentrations (pg/ml) in patients who had TURBT
for the treatment of NMIBC. This marker was investigated due to its roles in tumour growth

and angiogenesis. Data are presented in bar charts using mean (£SD).

There was a statistically significant decrease in serum VEGF-C concentration following
TURBT [(Wilk’s Lambda= 0.624, F 348y = 3.612, p=0.04), as determined by Anova]. Serum
VEGF-C concentration increased from 2711 (+ 971) (pg/ml) at baseline to 2821 (+ 988) (pg/ml)
at 1-month post-operative. At 3-months post-operative, Serum VEGF-C concentrations
decreased to 2406 (+ 795), before moderately increasing to 2421 (+ 785) at 6-month post-
operative. On further statistical analysis using the Bonferoni post-hoc test. There was a
significant difference between 1-month post-operative and 3-months post-operative serum
VEGF-C concentrations (p=0.05).
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Figure 6. 10 The effect of TURBT on serum VEGF-C concentration
VEGF-C, points represent Mean + SD, (Wilk’s Lambda= 0.624, F (345 = 3.612, p=0.04).
Significant change between 1-month and 3-months (p=0.05), as determined by Bonferroni test.

6.2.11 The effect of TURBT on VEGF-D concentration

Figure 6.11 represents changes to VEGF-D concentrations (pg/ml) in patients who had TURBT
for the treatment of NMIBC. This marker was investigated due to its roles in tumour growth
and angiogenesis. Data are presented in box plots using median (Inter Quartile Ranges). There
was a slight increase in VEGF-D concentration from 2335 (649-2538) (pg/ml) to 2338 (695-
2638) (pg/ml) at 1-month post-operative. VEGF-D concentrations then decreased at 3-months
post-operative to 2259 (582-2482) (pg/ml) and further decreased to 2247 (594-2476) (pg/ml)
at 6-months post-operative. There was no statistical significance (X%(3) = 2.012, p=0.57), as
determined by the Friedman test.
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Figure 6. 11 The effect of TURBT on serum VEGF-D concentration
VEGF-D, points represent Median, (interquartile range), X?(3) = 2.012, p=0.57, as determined
by Friedman. n=40.

6.2.12 The effect of TURBT on VEGFR-1 concentration

Figure 6.12 represents changes to VEGFR-1 concentrations (pg/ml) in patients who had
TURBT for the treatment of NMIBC. VEGFR-1 was measured as a potential biomarker for
assessing cancer growth due to roles it plays in angiogenesis. Data are presented in bar charts
using mean (£SD). The VEGFR-1 concentration increased from 1911 (£ 208) pg/ml at baseline
to 2247 (£ 221) pg/ml at 1-month post-operative. At 3-months post-operative, VEGFR-1
concentration decreased to 2100 (x 188) pg/ml before peaking at 6-months post-operative 2251
(x 227) pg/ml. There was no statistical significance as determined by ANOVA test (Wilk’s
Lambda= 0.898, F (348)= 0.782, p=0.15).
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Figure 6. 12 The effect of TURBT on serum VEGFR-1 concentration.
The points represent [mean = SE Mean), Wilk’s Lambda= 0.898, F 345 = 0.782, p=0.15), as
determined by ANOVA, n=40.

6.2.13 The effect of TURBT on VEGFR-1 & 2 concentration

Figure 6.13 represents changes to VEGFR-2 concentrations (pg/ml) in patients who had
TURBT for the treatment of NMIBC. VEGFR-2 was measured as a potential biomarker for
assessing cancer growth due to roles it plays in angiogenesis. Data are presented in bar charts
using mean (xSD). The VEGFR-2 concentration decreased from 5433 (+ 470) pg/ml at baseline
to 5266 (= 375) pg/ml at 1-month post-operative. VEGFR-2 concentration then increased at 3-
months post-operative 6062 (+ 465) pg/ml and peaked at 6-months post-operative 6371 (+ 503)
pg/ml. There was no statistical significance as determined by ANOVA test (Wilk’s Lambda=
0.533, F 3.48)= 1.835, p=0.15).
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Figure 6. 13 The effect of TURBT on serum VEGFR-2 concentration.

The points represent [mean + SE Mean), Wilk’s Lambda= 0.533, F4g= 1.835, p=0.15 as

determined by ANOVA, n=40.

131|Page




The role of various serum-based angiogenic and growth biomarkers in patients undergoing
TURBT, for the treatment of NMIBC Chapter Six

6.3 Summary of results

The results presented above indicate changes in serum levels of various markers of
angiogenesis and cancer growth in recruited BC patients following surgical treatment.
Specifically

> There were significant changes in serum PDGF concentration (X?(3) = 10.91,
p=0.012).

» There were significant changes in serum SCF concentration (X?(3) = 8.79, p=0.032).

» There were significant changes in serum VEGF-C concentration (Wilk’s Lambda=
0.624, F 348)=3.612, p=0.04)

» There were trends of increasing concentrations in serum EGFR, HER-2/neu, VEGFR-
1 and VEGFR-2

> There were also trends of increasing concentration in serum FGF-basic
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7.0 Chapter Seven: The role of novel antibody
Immunoreactivity and their association with BC
recurrence and progression
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7.1 Synopsis

The main focus of this chapter was to evaluate the presence or levels of various tissue-based
biomarkers in BC patients following TURBT. The selected biomarkers were investigated due
their reported roles in angiogenesis and inflammation-associated cancer growth and
progression.

During TURBT surgery, bladder tumour tissues taken in theatre were processed into FFPE
blocks and used for the diagnosis and management of BC, according to NICE standard
guidelines. 4 um tissue sections were cut from FFPE blocks for each antibody and stained for

the various antibodies using IHC.

The selective antibodies studied in this chapter are CD31, CD34, thrombomodulin, HER-2/neu,
S100P, COX-2, SOX-2, CEACAM-1 and VEGFR-3. With regards to IHC analyses, each of
these selective biomarkers was stained in FFPE bladder tissues from 35 patients (i.e. for CD31,
35 tissue sections were stained, one for each patient; for CD34, 35 tissue sections were stained,

one for each patient, and so on).

In this present study, antibody immunoreactivity was analysed using IHC. Prior to staining
patient tissues, validation of the IHC staining protocol was performed for each antibody and
has been presented elsewhere (Section 3.1.8).

With the help of an experienced Senior Histologist (Alexander Makanga, HCPC Biomedical
Scientist: BS61888) and a Consultant Pathologist, stained IHC slides were reported with careful
consideration of Bladder tumours. IHC scores were reported as summarised in various tables
below. Slides were reported as negative/zero, weak/+, ++ and +++, depending on the staining

intensity and percentage immunoreactivity in Bladder tumour cells.

7.2 Results
7.2.1 Immunoreactivity of CD31 in BC patients

From an IHC perspective, CD31 may be used by pathologists in a range of clinical settings (e.g.
haematological malignancies). This research focuses on their potential roles in tumour

vascularisation in NMIBC, which is an indicator of angiogenesis.

The anti CD31 primary monoclonal antibody used in this study demonstrated cytoplasmic and
membranous staining patterns in endothelial cells. IHC staining scores were obtained by
examining each of the slides for the presence of antibody staining in endothelial cells close to

tumour cells (Table 7.1) (Darai et al., 1998; Wang et al., 2008). A previous study has reported
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CD31 staining patterns in normal human tissues (Pusztaszeri et al., 2006) and tumour
xenografts (Wang et al., 2008).

The aim of this study was to initially identify the CD31 immunoreactivity in NMIBC tissue.
The association between immunoreactivity and cancer recurrence and progression was then
evaluated. Examples of each of the staining categories are presented in figures 7.1- 7.4,
respectively.

Table 7. 1 Staining interpretation for IHC scores for anti-CD31
IHC immunoreactivity was determined by assessing the tumour cells staining intensity and
percentage/quantity that were immunoreactive.

IHC Status \ Meaning/Interpretation

No staining or Positive cytoplasmic/membranous staining in <5% of
vascular endothelial cells in BC tumour

Positive cytoplasmic/membranous staining in up to 20% vascular
endothelial cells in Bladder tumour

Positive cytoplasmic/membranous staining in up to 20-50% of vascular
endothelial cells in Bladder tumour

Positive cytoplasmic/membranous staining in >50% of vascular
endothelial cells in Bladder tumour

Negative

Positive (+)

Positive (++)

Positive (+++)

_M ARt~ B %

Figure 7. 1 Anti-CD31 antibody staining in BC tissues (negative).
No staining or positive cytoplasmic/membranous staining in <5% of endothelial cells in BC
tissues. DAB detection. X100 magnification.
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Figure 7. 2 Anti-CD31 antibody staining in BC tissues (IHC score= +).
Note the weak positive staining within vascular endothelial cells in the underlying muscle and

stroma (Red arrows). Positive cytoplasmic/membranous staining in up to 20% of endothelial
cells in bladder tumours. DAB detection. X100 magnification.
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Figure 7. 3 Anti-CD31 antibody staining in BC tissues (IHC score= ++).
Red arrows show weak positive staining in vascular endothelial cells. Positive
cytoplasmic/membranous staining in up to 20-50% of endothelial cells in Bladder tumour
tissues. DAB detection. X100 magnification.
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ssues (IHC score= +++).
Note the positive staining (Red arrows) in vascular endothelial cells in vessels within
tumour tissues. Positive cytoplasmic/membranous staining in >50% of endothelial cells in
Bladder tumour tissues. DAB detection. X100 magnification.

Vascular endothelial cells in BC tissues had significantly higher anti CD31 immunoreactivity,
compared to normal underlying tissues (X?(3) = 20.353, p< 0.001), as determined by the Chi-
square test (table 7.10).

With respect to cancer grading and staging, there was no significant association between
patients’ cancer grade and CD31 immunoreactivity (X?(2) = 2.719, p= 0.257), as determined
by the Kruskal-Wallis test. However, there was a significant association with cancer stage
(X*(2)=12.276, p= 0.002), as determined by the Kruskal-Wallis test (table 7.10).

In the present study, 14 patients developed BC recurrence during the study period, all of which

were diagnosed clinically during follow-up cystoscopies.

The relationship between antibody immunoreactivity (at diagnosis) vs BC recurrence was
investigated via Mann-Whitney statistical test, and suggests that immunopositivity is not
associated with an increased risk BC recurrence (U= 102.00, p= 0.69) (table 7.10).

7.2.2 Immunoreactivity CD34 in BC patients

From an IHC perspective, CD34 may be used by pathologists in a range of clinical settings (eg.
Haematological malignancies), this research however focuses on their potential roles in tumour

vascularisation, which is an indicator of angiogenesis.
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The CD34 primary monoclonal antibody used in this study shows cytoplasmic and membranous
staining patterns in vascular endothelial cells. IHC staining scores were obtained by examining
each of the slides for the presence of antibody staining in vascular endothelial cells in BC tissues
(Table 7.2) (Darai et al., 1998; Wang et al., 2008).

Table 7. 2 Staining interpretation for IHC scores for anti-CD34

No staining or Positive cytoplasmic/membranous staining in <5% of
vascular endothelial cells in BC tissues

Positive cytoplasmic/membranous staining in up to 20% vascular
endothelial cells in BC tissues

Positive cytoplasmic/membranous staining in up to 20-50% vascular
endothelial cells in BC tissues

Positive cytoplasmic/membranous staining in up to >50% vascular
endothelial cells in BC tissues

Negative

Positive (+)

Positive (++)

Positive (+++)

The aim of this section was to initially identify CD34 immunoreactivity in NMIBC and
subsequently compare these results in patients who had recurrence and progression. Examples

of each of the staining categories are presented in figures 7.5- 7.8, respectively.

.
'.~\ N

Figure 7. 5 Anti-CD34 antibody staining in BC tissues (negative).
Negative IHC staining in BC tissues. No staining or Positive cytoplasmic/membranous staining
in <5% of endothelial cells in BC tissues. DAB detection. X100 magnification
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+).

Figure 7. 6 Anti-CD34 antibody staining in BC tissues (IHC score

CD34 antibody staining in BC tissues (IHC score= ++).
Positive cytoplasmic/membranous staining (Brown colour) in up to 20-50% of endothelial cells

in BC tissues. Note the weak positive staining in vascular endothelial cells (Red arrows) show.
in BC tissues (brown colour). DAB detection. X100 magnification

Weak staining or positive cytoplasmic/membranous staining in up to 20% of endothelial cells
DAB detection. X100 magnification.

Figure 7. 7 Anti
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Figure 7. 8 Anti-CD34 antibody staining in BC tissues (IHC score= +++).
Positive cytoplasmic/membranous staining >50% of endothelial cells in BC tissues. Dab
detection. X100 magnification

Vascular endothelial cells in BC tissues had significantly higher anti CD34 immunopositivity,
compared to normal underlying tissues (X?(3) = 38.941, p< 0.001), as determined by the Chi-
square test (table 7.10).

With respect cancer to grading and staging, there was no significant association between
patients’ cancer grade and CD34 immunoreactivity (X?(2) = 1.95, p= 0.37), as determined by
the Kruskal-Wallis test. There was also no significant association between patient’s cancer
stage and CD34 immunoreactivity (X?(2) = 12.276, p= 0.17), as determined by the Kruskal-
Wallis test (table 7.10).

In the present study, 14 patients developed BC recurrence during the study period, all of which

were diagnosed clinically during follow-up cystoscopies.

The relationship between antibody immunoreactivity (at diagnosis) vs BC recurrence was
investigated via Mann-Whitney statistical test, and suggests that antibody immunoreactivity
(CD34) is not associated with an increased risk BC recurrence (U= 110.00, p= 0.97).
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7.2.3 Immunoreactivity of Thrombomodulin in BC patients

Thrombomodulin is an inflammatory marker but has been associated with tumour promotion
and cancer growth (Greineder et al., 2017; Song et al., 2018) ).

The anti-thrombomodulin primary monoclonal antibody used in this study shows membranous
staining patterns in BC tissue sections. Positive membranous staining was reported based on
colour intensity and percentage of cells that were immunoreactive. This Scoring system has
previously been used by others and has been modified for this research (Hanly et al., 2006;
Paner et al., 2014).

Table 7. 3 Staining interpretation for IHC scores for thrombomodulin
IHC Status Meaning/Interpretation

Negative Positive membranous staining in <5% of Bladder tumours
Positive (+) Positive membranous staining in up to 20% of Bladder tumours
Positive (++) Positive membranous staining in up to 20-50% of Bladder tumours
Positive (+++) Positive membranous staining in >50% of Bladder tumours

The aim of this section was to initially identify immunoreactivity of thrombomodulin in
NMIBC and subsequently compare these results in patients who had recurrence and
progression. Examples of each of the staining categories are presented in figures 7.9-7.12,

respectively.

Figure 7. 9 Anti-thrombomodulin IHC staining in BC tissues (negative).
No staining/positive membranous staining in <5% of Bladder tumours. DAB detection. X100
magnification

141 |Page



The role of novel antibody immunoreactivity and their association with BC recurrence and
progression Chapter Seven

Figure 7. 10 Anti-thrombomodulin IHC staining in BC tissues (IHC score= +).

Positive membranous staining in up to 20% of Bladder tumours. Note the weak positive
membranous staining (red arrows). Ventana ultraview DAB detection. X100 magnification.

Figure 7. 11 Anti-thrombomodulin IHC staining in BC tissues (IHC score= ++).
Positive membranous staining in up to 20-50% of Bladder tumours. Note the Moderate colour
intensity (green arrows). Ventana ultraview DAB detection. X40 magnification
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Figure 7. 12 Anti-thrombomodulin IHC staining in BC tissues (IHC score= +++).
Positive membranous staining in >50% of Bladder tumours. Note the high colour intensity (red
arrows). Ventana ultraview DAB detection. X40 magnification.

Generally, there was a significantly higher thrombomodulin immunopositivity in Bladder
tumours, compared to normal underlying tissues (X?(3) = 11.29, p< 0.010), as determined by
the Chi-square test (table 7.10).

With respect cancer grading and staging, there was no significant association between patients’
cancer grade and thrombomodulin immunoreactivity (X?(2) = 0.380, p= 0.83), as determined
by the Kruskal-Wallis test. There was however a significant association between patient’s
cancer stage and thrombomodulin immunoreactivity (X?(2) = 6.50, p= 0.039), as determined
by the Kruskal-Wallis test (table 7.10).

In the present study, 14 patients developed BC recurrence during the study period, all of which

were diagnosed clinically during follow-up cystoscopies.

The relationship between antibody immunoreactivity (at diagnosis) vs BC recurrence was
investigated via Mann-Whitney statistical test. There was no significant association between
thrombomodulin immunoreactivity vs BC (U= 115.50, p= 0.88) (table 7.10).

The relationship between antibody immunoreactivity (at diagnosis) vs BC recurrence was
investigated via Mann-Whitney statistical test, and suggests that antibody immunoreactivity
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(thrombomodulin) is not associated with an increased risk BC recurrence (U= 115.50, p= 0.88)
(table 7.10).

7.2.4 Immunoreactivity of HER-2/neu in BC patients

HER-2 is a growth factor receptor implicated in tumour cell proliferation and growth through
a series of complex pathways (Coussens et al., 1985; Wang et al., 2016b).

The anti-HER-2/neu primary monoclonal antibody used in this study shows membranous
staining patterns in BC tissue sections. Positive membranous staining was reported based on
colour intensity and percentage of cells staining positive. This Scoring system has previously
been used by (Doval et al., 2015; Gancberg et al., 2002) and is modified from the ASCO

recommended scoring system used for the clinical management of invasive breast cancer.

Table 7. 4 Staining interpretation for anti-HER-2 antibody IHC scores

IHC Status Meaning/Interpretation

Negative No or weak membranous staining in <5% of BC tissues
Positive (+) Positive membranous staining in up to 20% of BC tissues
Positive (++) Positive membranous staining in 20-50% of BC tissues
Positive (+++) Positive membranous staining in >50% of BC tissues

The aim of this section was to initially identify the immunoreactivity of HER-2/neu in NMIBC
and subsequently compare this immunoreactivity in patients who had recurrence and
progression. Examples of each of the staining categories are presented in figures 7.13-7.16,

respectively.
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Figure 7. 13 Anti-HER-2/neu antibody staining in BC tissues (IHC score= negative).
No or weak membranous staining in <5% of BC tissues. DAB detection. X100 magnification

Figure 7. 14 Anti-HER-2/neu antibody staining in BC tissues (IHC score= +).
Weakly positive membranous staining in BC tumours. Ventana ultraview DAB detection. X40
magnification
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Figure 7. 15 Anti-HER-2/neu antibody staining in BC tissues (IHC score= ++).
Moderate positive membranous staining in 20-50% of BC tissues. (Brown). Ventana ultraview
DAB detection. X100 magnification.

Figure 7. 16 Anti-HER-2/neu antibody staining in BC tissues (IHC score= +++).
Strong positive membranous staining in >50% of BC tissues (Brown colour, red arrows).
Ventana ultraview DAB detection. X100 magnification.
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Generally, there was a significantly higher HER-2/neu immunoreactivity in Bladder tumours,
compared to normal underlying tissues (X?(3) = 8.82, p< 0.032), as determined by the Chi-
square test (table 7.10).

With respect cancer grading, there was a significant association between patients’ cancer grade
and HER-2/neu immunoreactivity (X?(2) = 11.407, p= 0.003), as determined by the Kruskal-
Wallis test. Further post-hoc testing using the Mann-Whitney test revealed significant
difference between grade 1 and grade 2 (Z= -3.042, p= 0.002, r= 0.673) and a significant
difference between grade 1 and grade 3 (Z=-2.843, p= 0.004, r= 0.606), both with a high Eta?
effect size (table 7.10).

There was also a significant association between patient’s cancer stage and HER-2/neu
immunoreactivity (X2(2) = 16.092, p< 0.001), as determined by the Kruskal-Wallis test (table
7.10).

In the present study, 14 patients developed BC recurrence during the study period, all of which

were diagnosed clinically during follow-up cystoscopies.

The relationship between antibody immunoreactivity (at diagnosis) vs BC recurrence was
investigated via Mann-Whitney statistical test, and suggests that antibody immunoreactivity
(HER-2/neu) is not associated with an increased risk BC recurrence (U= 101.50, p=0.91) (table
7.10).

7.2.5 Immunoreactivity of S100P in BC patients

S100P is a low molecular weight protein first purified from human placenta tissue (Emoto et
al., 1992). It has been implicated in various physiological processes such as cell cycle regulation

as well as pathological conditions such as cancer (Jiang et al., 2016).

The anti-S100p primary monoclonal antibody used in this study shows cytoplasmic and nuclear
staining patterns in BC tissue sections. Positive membranous staining was reported based on

colour intensity and percentage of tumour cells that were immunoreactive.
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Table 7. 5 Staining interpretation for S100P staining in BC patient tissues

Positive membranous staining was reported based on colour intensity and percentage of
immunoreactive tumour cells. Scoring system has previously been used by (Paner et al., 2014).
Meaning/Interpretation

IHC Status

Negative

Positive cytoplasmic/nuclear staining in <5% of Bladder tumours

Positive (+)

Positive cytoplasmic/nuclear staining in up to 20% of Bladder tumours

Positive (++)

Positive cytoplasmic/nuclear staining in up to 20-50% of Bladder tumours

Positive (+++)

Positive cytoplasmic/nuclear staining in >50% of Bladder tumours

The aim of this section was to initially identify immunoreactivity of anti-S100P in NMIBC and

subsequently compare this immunoreactivity in patients who had recurrence and progression.

Examples of each of the staining categories are presented in figures 7.17-7.20, respectively.

200um

S

Figure 7. 17 Anti-S100P antibody staining in BC tissues (Negative control).
No staining or positive cytoplasmic/nuclear staining in <5% of Bladder tumours. Ventana
ultraview DAB detection. X100 magnification
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Figure 7. 18 Anti-S100P antibody staining in BC tissues (IHC score= +).
Weak Nuclear/cytoplasmic staining in up to 20% of Bladder tumours (black arrows). Ventana

ultraview DAB detection. X100 magnification
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Figure 7. 19 Anti-S100P antibody staining in BC tissues (IHC score= ++).
Moderate/strong positive nuclear and cytoplasmic staining 20-50% of Bladder tumours (red
arrows). Ventana ultraview DAB detection. X100 magnification
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Figure 7. 20 Anti-S100P antibody staining in BC tissues (IHC score= +++).

Strong positive nuclear and cytoplasmic staining in >50% of Bladder tumours. Ventana
ultraview DAB detection. X40 magnification.

Generally, there was a significant increase in S100P immunoreactivity in Bladder tumours
compared to those in normal tissues (X2(3) = 41.686, p< 0.001), as determined by the Chi-

square test (table 7.10).

With respect to cancer grading, there was no significant association between patients’ cancer
grade and anti-S100P immunoreactivity (X?(2) = 0.206, p= 0.902), as determined by the
Kruskal-Wallis. There was also no significant association between patient’s cancer stage and
S100P immunoreactivity (X?(2) = 2.134, p= 0.344), as determined by the Kruskal-Wallis test
(table 7.10).

In the present study, 14 patients developed BC recurrence during the study period, all of which

were diagnosed clinically during follow-up cystoscopies.

The relationship between antibody immunoreactivity (at diagnosis) vs BC recurrence was
investigated via Mann-Whitney statistical test, and suggests that antibody immunoreactivity
(S100P) is not associated with an increased risk BC recurrence (U= 96.00, p=0.23) (table 7.10).
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7.2.6 Immunoreactivity of COX-2 in BC patients

COX-2 is a 70 kDa enzyme involved in inflammatory processes through the activities of
prostaglandins (Mead et al., 1986). It is immunoreactive in BC and may potentially be a good

marker for cancer recurrence.

The anti-COX-2 primary monoclonal antibody used in this study shows cytoplasmic and
membranous staining patterns in BC tissue sections. Positive membranous and cytoplasmic

staining was reported based on colour intensity and percentage of cells staining positive.

Evaluation of COX-2 staining was performed microscopically by assessing the percentage and
intensity of staining observed in the cytoplasm and membranes of epithelial cells within
tumours. Other scoring systems employing points for both stain percentage and intensity have
been described by other researchers (Cai et al., 2017).

Table 7. 6 Staining interpretation for COX-2 staining in BC patient tissues

IHC Status Meaning/Interpretation

Positive cytoplasmic/membranous staining in <5% of Bladder

Negative
tumours
- - N 5
Positive (+) qu;gLVri cytoplasmic/membranous staining in up to 20% of Bladder

Positive cytoplasmic/membranous staining in up to 20-50% of
Bladder tumours

Positive cytoplasmic/membranous staining in >50% of Bladder
tumours

Positive (++)

Positive (+++)

The aim of this section was to initially identify the immunoreactivity of COX-2 in NMIBC and
subsequently compare this immunoreactivity in patients who had recurrence and progression.

Examples of each of the staining categories are presented in figures 7.21-7.24, respectively.
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Figure 7. 21 Anti-COX-2 antibody staining in BC tissues (IHC score= NEG)
No staining/Positive cytoplasmic/membranous staining in <5% of Bladder tumours. Ventana
Ultraview DAB. X100 magnification

Figure 7. 22 Anti-COX-2 antibody staining in BC tissues (IHC score= +).
Weak positive cytoplasmic/membranous staining in up to 20% of Bladder tumour cells (Brown
colour, red arrows). DAB detection. X100 magnification.
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Figure 7. 23 Anti-COX-2 antibody staining in BC tissues (IHC score= ++).
Moderate/high positive cytoplasmic/membranous staining (brown colour) in in up to 20-50%
of Bladder tumours. DAB detection. X100 magnification.

Figure 7. 24 Anti-COX-2 antibody staining in BC tissues (IHC score= +++).
Strong positive cytoplasmic/membranous staining in in up to >50% of Bladder tumours (bigger
arrow). Note the absence of staining in underlying tissue (smaller arrow). Ventana Ultraview

DAB. X100 magnification.
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Generally, there was a significant increase in COX-2 immunoreactivity in Bladder tumours,
compared to those in normal tissues (X2(3) =19.97, p< 0.001), as determined by the Chi-square
test (table 7.10).

With respect to cancer grading, there was no significant association between patients’ cancer
grade and anti-COX-2 immunoreactivity (X%(2) = 0.96, p= 0.61), as determined by the Kruskal-
Wallis test. There was also no significant association between patient’s cancer stage and S100P

immunoreactivity (X?(2) = 1.65, p= 0.45), as determined by the Kruskal-Wallis test (table 7.10).

In the present study, 14 patients developed BC recurrence during the study period, all of which

were diagnosed clinically during follow-up cystoscopies.

The relationship between antibody immunoreactivity (at diagnosis) vs BC recurrence was
investigated via Mann-Whitney statistical test, and suggests that antibody immunoreactivity
(COX-2) is not associated with an increased risk BC recurrence (U= 118.50, p= 0.98) (table
7.10).

7.2.7 Immunoreactivity of SOX-2 in BC patients

SOX-2 was analysed in this study due to its role in pathology such as cell proliferation (Masui
et al., 2007; Sarkar & Hochedlinger, 2013).Its immunoreactivity has been reported in several
human cancers such as cervical squamous cell carcinoma, lung cancer and BC (Chang et al.,
2015; Kitamura et al., 2013; Tsuta et al., 2011).

The anti-SOX-2 primary monoclonal antibody used in this study shows nuclear staining
patterns in BC tissue sections. Positive nuclear staining was reported based on colour intensity

and percentage of cells staining positive.

Table 7. 7 Staining interpretation for SOX-2 staining in BC patient tissues

IHC Status Meaning/Interpretation

Negative <5% Stained Nuclei in any low power field
Positive (+) <25% Nuclei staining in Bladder tumours
Positive (++) 25-50% nuclei staining in Bladder tumours
Positive (+++) <75% Nuclei staining in Bladder tumours

The aim of this section was to initially identify the immunoreactivity of SOX-2 in NMIBC and
subsequently compare this immunoreactivity in patients who had recurrence and progression.

Examples of each of the staining categories are presented in figures 7.25- 7.28.
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Figure 7. 25 Anti-SOX-2 antibody staining in BC tissues (IHC score= Negative)
<5% Stained Nuclei in any low power field. Ventana Ultraview DAB. X100 magnification

Figure 7. 26 Anti-SOX-2 antibody staining in BC tissues (IHC score= +).
Positive nuclear staining in <25% of Bladder tumours (red arrows). Ventana Ultraview DAB.
X100 Magnification.
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Figure 7. 27 Anti-SOX-2 antibody staining in BC tissues (IHC score= ++)
Positive nuclear staining in 25-50% of Bladder tumours (red arrows). Ventana Ultraview
DAB. X100 Magnification

Figure 7. 28 Anti-SOX-2 antibody staining in BC tissues (IHC score= +++)
Positive nuclear staining in >50% Bladder tumour cells (red arrows). No staining in normal
cells (Green arrows) Ventana Ultraview DAB. X100 Magnification
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Generally, there was a significant increase in SOX-2 immunoreactivity in Bladder tumour,
compared to normal tissues (X2(3) = 20.88, p< 0.001), as determined by the Chi-square test
(table 7.10).

With respect to cancer grading, there was no significant association between patients’ cancer
grade and SOX-2 immunoreactivity (X?(2) = 5.45, p= 0.06), as determined by the Kruskal-
Wallis test. There was also no significant association between patient’s cancer stage and SOX-
2 immunoreactivity (X%(2) = 4.38, p= 0.11), as determined by the Kruskal-Wallis test (table
7.10).

In the present study, 14 patients developed BC recurrence during the study period, all of which

were diagnosed clinically during follow-up cystoscopies.

The relationship between antibody immunoreactivity (at diagnosis) vs BC recurrence was
investigated via Mann-Whitney statistical test, and suggests that antibody immunoreactivity
(SOX-2) is not associated with an increased risk BC recurrence (U= 111.50, p= 0.74) (table
7.10).

7.2.8 Immunoreactivity of anti-CEACAM-1 in BC patients

In this present study, the immunoreactivity of CEACAM-1 was analysed using IHC. Prior to
staining patient tissues, validation of the IHC staining protocol was performed and has been

presented elsewhere (Section 3.1.6).

The anti-CEACAM-1 primary monoclonal antibody used in this study shows
cytoplasmic/membranous staining patterns in BC tissue sections. Positive staining was reported
based on colour intensity and percentage of Bladder tumours staining positive.

Table 7. 8: Staining interpretation for IHC scores for CEACAM-1

The anti-CEACAM-1 primary monoclonal antibody used in this study shows cytoplasmic and
membranous localisation BC tissue sections.

IHC Status Meaning/Interpretation

Negative Positive cytoplasmic/membranous staining in <5% of Bladder tumours

Positive (+) Positive cytoplasmic/membranous staining in up to 20% of Bladder
tumours

Positive (++) Positive cytoplasmic/membranous staining in up to 20-50% of Bladder
tumours

Positive (+++) Positive cytoplasmic/membranous staining in >50% of Bladder tumours

The aim of this section was to initially identify the immunoreactivity of CEACAM-1 in NMIBC

and subsequently compare this immunoreactivity in patients who had recurrence and
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progression. Examples of the staining for negative and positive (+) categories are presented in
figures 7.29 -7.31.

e

Figure 7. 29 Anti-CEACAM-1 antibody staining in BC tissues (IHC score= Negative).
No staining/Positive membranous staining in <5% of Bladder tumours. Small blue arrow shows
weakly immunoreactive bladder tumour. Bug blue arrow shows underlying connective tissue.
Ventana Ultraview DAB. X100 magnification

Figure 7. 30 Anti-CEACAM-1 antibody staining in BC tissues (IHC score= +).
Moderate membranous staining in up to 20% of Bladder tumours. Ventana Ultraview DAB.
X100 magnification
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Figure 7. 31 Anti-CEACAM-1 antibody staining in BC tissues (IHC score= ++).
Positive membranous staining in 20-50% of Bladder tumour cells (Blue arrows). Ventana
ultraview DAB detection. X100 magnification

Generally, there was a significant change (loss of immunoreactivity) in CEACAM-1
immunoreactivity in Bladder tumour, compared to normal tissues (X2(3) = 11.29, p< 0.001),

as determined by the Chi-square test (table 7.10).

With respect to cancer grading, there was a significant association between patients’ cancer
grade and CEACAM-1 immunoreactivity (X?(2) = 6.19, p= 0.045), as determined by the
Kruskal-Wallis (table 7.10). Further post-hoc testing using the Mann-Whitney test revealed
significant difference between grade 1 and grade 3 (Z=-2.444, p=0.015, r= 0.509) (table 7.10).

With respect to cancer staging, there was a significant association between patient’s cancer
stage and CEACAM-1 immunoreactivity (X?(2) = 10.78, p= 0.005), as determined by the
Kruskal-Wallis test (table 7.10).

In the present study, 14 patients developed BC recurrence during the study period, all of which

were diagnosed clinically during follow-up cystoscopies.

The relationship between antibody immunoreactivity (at diagnosis) vs BC recurrence was
investigated via Mann-Whitney statistical test, and suggests that antibody immunoreactivity
(CEACAM-1) is not associated with an increased risk BC recurrence (U= 103.00, p= 0.65)
(table 7.10).
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7.2.9 Immunoreactivity of anti-VEGFR-3 in BC patients

In this present study, immunoreactivity of VEGFR-3 antibody was analysed using IHC. Prior

to staining patient tissues, validation of the IHC staining protocol was performed and has been

presented elsewhere (Section 3.1.5).

The anti-VEGFR-3 primary monoclonal antibody used in this study shows nuclear and

cytoplasmic staining patterns in BC tissue sections. Positive nuclear and cytoplasmic staining

was reported based on colour intensity and percentage of bladder tumours staining positive.

Table 7. 9: Staining interpretation for VEGFR-3 staining in BC patient tissues
Meaning/Interpretation

IHC Status

Negative

No Staining or <5% nuclei/cytoplasmic staining in Bladder tumours

Positive (+)

<25% Nuclei/cytoplasmic staining in Bladder tumours

Positive (++)

25-50% nuclei/cytoplasmic staining in Bladder tumours

Positive (+++)

<75% Nuclei/cytoplasmic staining in Bladder tumours

Examples of each of the staining categories are presented in figures 7.32- 7.35.

=

Figure 7. 32 Anti-VEGFR-3 antibody staining in BC tissues (Negative control).

No Staining or <5% nuclei/cytoplasmic staining in BC tissues. Ventana Ultraview DAB. X100

magnification.
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Figure 7. 33 Anti-VEGFR-3 antibody staining in BC tissues (IHC score= +).
Moderate positive cytoplasmic/membranous staining in <25% of Bladder tumours (red arrows).
Ventana Ultraview DAB. X100 magnification.

Figure 7. 34 Anti-VEGFR-3 antibody staining in BC tissues (IHC score= ++).

Moderate positive nuclear/cytoplasmic staining in 25-50% of Bladder tumours (Green arrows).
Nonspecific staining in underlying stroma cells (red arrows). Ventana Ultraview DAB. X40
magnification.
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Figure 7. 35 Anti-VEGFR-3 antibody staining in BC tissues (IHC score= +++).

Strong nuclear/cytoplasmic staining in >50% of Bladder tumour (Blue arrows (big) smaller
arrow shows nonspecific staining in stroma cells. Ventana Ultraview DAB. X40 magnification.
Generally, there was a significant increase in VEGFR-3 immunoreactivity in Bladder tumours,
compared to normal tissues (X2(3) = 41.71, p< 0.001), as determined by the Chi-square test

(table 7.10).

With respect to cancer grading, there was a significant association between patients’ cancer
grade and VEGFR-3 immunoreactivity (X?(2) = 4.18, p= 0.12), as determined by the Kruskal-
Wallis (table 7.10). There was also no significant association between patient’s cancer stage
and VEGFR-3 immunoreactivity (X?(2) = 2.94, p= 0.23), as determined by the Kruskal-Wallis
test (table 7.10).

In the present study, 14 patients developed BC recurrence during the study period, all of which
were diagnosed clinically during follow-up cystoscopies.

The relationship between antibody immunoreactivity (at diagnosis) vs BC recurrence was
investigated via Mann-Whitney statistical test, and suggests that antibody immunoreactivity
(VEGFR-3) is not associated with an increased risk BC recurrence (U= 97.00, p= 0.38) (table
7.10).
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Table 7. 10: summarised statistical results for antibody staining in BC

Antibody
immunoreactivity (Chi
square)

Antibody Antibody Antibody
immunoreactivity vs immunoreactivity vs immunoreactivity vs
BC grade BC stage (Kruskal- Recurrence (Mann-
(Kruskal-Wallis test) Wallis test) Whitney test)

Staining pattern in
Bladder tumour

Antibody

Increased immunoreactivity YR X?(2) =2.719 , p= X2(2) = 12.276, p= _ _
CD31 e X(2) = 20.353, p< 0.001 | 55 0002 U= 102.00, p= 0.69)
CD34 Increased immunoreactivity | >y — 38 941 p< 0,001 | X4(2) = 1.953, p= 0.377 | X3(2) = 3.596, p= 0.166 | U= 110.00, p= 0.97

in vascular cells

Reduced/loss of

Thrombomodulin | . .
immunoreactivity

X2(2) = 11.286, p= 0.010 | X?(2) = 0.380, p=0.827 | X*(2) = 6.498, p=0.039 | U= 115.50, p= 0.89

2 — — 2 —
HER-2 Increased immunoreactivity | X?(2) = 8.818, p= 0.032 X(2) =11.407, p= X*(2) =16.092, p< U= 101.50, p= 0.91
0.003 0.001
S100P Increased immunoreactivity | X2(2) = 41.686, p< 0.001 | X2(2) = 0.206, p=0.902 | X¥(2) = 2.134, p=0.344 | U=96.00, p=0.23

Reduced/loss of X?(2) =10.782, p=

- 2 = 2 = = = =
CEACAM-1 immunoreactivity X*(2) = 11.286, p< 0.001 | X(2) = 6.192, p=0.045 | '/ U= 103.00, p= 0.65
SOX-2 Increased immunoreactivity | X?(2) = 20.886, p< 0.001 | X*2) =5.451, p=0.066 | X?*(2) =4.383, p=0.112 | U=111.50, p=0.74
COX-2 Increased immunoreactivity | X?(2) = 19.971, p< 0.001 | X%(2) = 0.960, p= 0.619 | X2(2) = 1.648, p= 0.439 | U= 118.50, p= 0.98
VEGFR-3 Increased immunoreactivity | X2(2) = 41.706, p< 0.001 | X?(2) = 4.184, p=0.123 | X?(2) = 2.935, p=0.231 | U= 97.00, p= 0.38
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Table 7. 11: Raw data of antibody staining (at diagnosis) and recurrence in recruited BC patients

STUDY

NUMBER STAGE RECURRENCE ‘ CEACAM-1 S100P THROMBO
TURBT/001 G2 pTa YES ++ + +++ +++ neg ++ ++ ++ ++
TURBT/002 G3 pT2 NO +++ neg neg +++ + + + ++ +++
TURBT/003 G3 Pt2 NO neg +++ ++ +++ neg +++ +++ neg neg
TURBT/004 G1 pTa NO + neg + ++ neg ++ neg ++ neg
TURBT/005 G1 pTa NO + neg ++ +++ neg + + ++ neg
TURBT/006 G3 pTa NO ++ + ++ +++ neg +++ +++ +++ neg
TURBT/007 G1 pTa NO neg neg +++ +++ neg +++ +++ +++ +
TURBT/008 G3 pT1 NO ++ + +++ +++ neg +++ +++ +++ neg
TU RBT/009 G2 pTa NO ++ neg ++ ++ neg ++ +++ +++ +++
TURBT/010 G1 pTa NO neg neg +++ +++ neg ++ +++ +++ neg
TURBT/011 G2 pTa YES ++ neg ++ +++ neg +++ +++ +++ neg
TURBT/012 G2 pT1l NO +++ neg +++ +++ neg +++ +++ +++ +
TURBT/013 G1 pTa YES neg + ++ ++ neg + ++ 4+ +
TURBT/014 G3 pT1 NO ++ neg + +++ + +++ +++ ++ +
TURBT/015 G2 pTa YES ++ ++ +++ +++ ++ ++ +++ +++ neg
TURBT/016 G3 pTa YES ++ ++ +++ +++ neg +4++ ++ o+ +
TURBT/017 G2 pTa YES ++ neg ++ +++ neg + +++ ++ neg
TURBT/018 G2 pTa NO ++ ++ ++ +++ neg +++ +++ +++ ++
TURBT/019 G2 pTa YES ++ neg +++ +++ + +++ +++ +++ +
TURBT/020 CIS pTa YES neg neg + + +
TURBT/021 G2 pTa NO neg neg +++ +++ neg ++ ++ +++ neg
TURBT/022 G2 pTa YES neg +++ +++ neg +++ +++ +++ neg
TURBT/023 G3 pT2a YES NEG +++ +++ +++ neg +++ +++ neg neg
TURBT/024 G1 pTa NO + neg ++ +++ neg +++ +++ +++ ++
TURBT/025 G3 pT1 NO ++ neg +++ +++ neg ++ ++ +++ neg
TURBT/026 G3 pT2 NO +4++ + +++ +++ + ++ +++ +++ ++
TURBT/027 G2 pTa YES + neg +++ ++ neg ++ ++ 4+ +
TURBT/028 SCC YES neg + neg + neg Neg neg neg +
TURBT/029 T CELL PAPILLOMA NO neg +++ ++ +++ neg +++ +++ +++ neg
TURBT/030 G1 pTa YES neg neg +++ +++ neg 4+ 4+ +H+ +
TURBT/031 G3 pT1 NO ++ neg ++ +++ neg +++ 4t — +
TURBT/032 G3 pTa YES +++ + ++ +++ + +++ +++ +++ ++
TURBT/033 G1 pTa NO neg neg +++ +++ neg ++ +++ +++ +
TURBT/034 G3 pT2 NO neg + +++ +++ + +++ +++ +++ +
TURBT/035 G3 pT1 NO TBC +++ 4+ 4+ + ++ ++ +++ +
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8.1 General research Overview

The focus of this research was to evaluate changes of selective biomarkers in BC patients, who
had a transurethral resection of bladder tumour (TURBT) surgery for the diagnosis and
treatment of BC. These biomarkers were investigated due to their roles in various mechanisms
leading to cancer growth and proliferation. Following TURBT, patients were followed for a
period of 6 months during which time, venous blood samples were obtained from each patient
and analysed for monitoring changes in selective novel biomarkers. Various selected tissue-
based biomarkers were also investigated in patient tissues following TURBT for the treatment
of BC.

Initially antibody staining and IHC protocols were optimised (chapter 3), prior to undertaking
four pilot clinical studies involving BC patients. Specifically, this research study aimed to

investigate;

1. Changes in serum-based inflammatory markers in BC patients and their association

with recurrence and progression

2. Changes in serum MMP-2, MMP-3, MMP-9 and CEACAM-1 in patients undergoing
TURBT for the treatment of BC

3. The role of various serum-based angiogenic and growth biomarkers in NMIBC

recurrence/progression

4. The role of novel antibody immunoreactivity and their association with BC recurrence

and progression

8.1.1 Optimisation of protocols for Immunohistochemistry (Chapter 3)

The main aim of this chapter was to verify and optimise the protocols and antibodies used for
assessing IHC staining of various antibodies in BC tissues. Following TURBT, bladder tissues
were processed into Formalin-Fixed Paraffin-Embedded (FFPE) tissue blocks for H&E staining
and interpretation. 4 um serial sections were cut from each tissue and placed on positively
charge microscope slides for IHC staining. Tissue sample preparation, sectioning, staining and
analysis were carried within an UKAS 1S015189 accredited NHS histopathology department
at the Glan Clwyd Hospital, North Wales. The antibodies optimised in this chapter include
CEACAM-1, CD31, CD34, COX-2, HER-2/neu, S100P, SOX-2, Thrombomodulin and
VEGFR-3. Optimisation of various antibodies for IHC was undertaken using recommended
control sample tissues (Table 2.1).
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During this research, the IHC process was optimised and validated by including both control
and sample tissues on the same IHC microscope slide (Figure 2.1). This approach enhances
internal quality control measures by exposing both control and sample tissues to same staining
conditions, i.e. temperature, wash cycles, incubation time, etc. Although traditional IHC
protocols also use control tissue samples, these samples are usually placed on separate
microscope slides and included during the staining process. This therefore exposes the different
microscope slides to potential variations in temperature, time of incubation and reporting. The
presence of both control and sample tissues on the same slide, further enhances the reporting
process as there will be no need to change microscope slides to compare staining in control

slides with staining in patient tissues.

As the optimisation of IHC staining protocols and subsequent analyses of patient tissues were
undertaken within an UKAS 1S0O15189 accredited histopathology laboratory, this further
validates the IHC protocols to both clinical and laboratory standards. New knowledge gained
from this rigorous process will shed more light on IHC staining and interpretation in Bladder

tumour samples, and may be potentially welcomed by reputable bodies like EAU and NICE.

Optimisation of the S100P antibody required a modification of the recommended protocol
(section 3.1.1). Specifically, primary antibody incubation time was increased to 24 minutes, a
post-stain amplification step was included and duration of counterstaining was increased to 12
minutes. This resulted in clearer positive nuclear and cytoplasmic staining and reduced
background staining, in trophoblastic epithelial cells of the human placenta control tissue
(figures 3.2 & 3.3). The results from this optimisation protocol complements a study by
Maciejczyk et al., (2013) who verified anti-S100P immunoreactivity in human placenta tissues
by observing positive nuclear and cytoplasmic staining. Our study, however, requires a shorter
primary antibody incubation time (24 minutes), shorter antigen retrieval (8 minutes) and a
shorter overall IHC process compared to the process reported by others (Maciejczyk et al.,
2013; Surowiak et al., 2007) and could be used as an alternative methodology for assessing

anti-S100P immunoreactivity in BC tissues.

With regards to VEGFR-3, the optimisation and verification of this biomarker was performed
using human umbilical cord control samples (section 3.1.5). The staining results from
experimental protocols 1-3 produced generally unspecific nuclei and cytoplasmic staining
within normal endothelial cells, muscle tissue and other underlying stromal cells (Figures 3.16-
3.18). These observations complement similar reports by Smith et al. (2010), who previously
observed non-specific staining in 4 clones of VEGFR-3. With respect to the present study,
optimised IHC staining (protocol 4) was however observed in nuclei and cytoplasm of vascular

endothelial cells in human umbilical cord samples. The optimisation protocol used in this
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research was performed on umbilical cord samples in contrast with breast and colorectal
cancers used by Smith et al. (2010), providing further application for staining of this biomarker
in other tissue sample types. With respect to staining VEGFR-3 in human bladder biopsies, this
research therefore provides new and novel staining approach on the Roche Ventana XT or
Roche Ventana ultra IHC platforms (optimised: experimental Protocol 4).

Optimisation of the COX-2 antibody has been described previously (section 3.1.2).
Specifically, the optimised protocol (optimised: experimental protocol 2) required a longer
antigen retrieval step (64 minutes) and longer primary antibody incubation time (32 minutes).
Optimum cytoplasmic and membranous IHC staining in colonic crypts observed in this research
study was used as a template for staining BC tissues. Although previous studies have assessed
COX-2 IHC staining in human endometrial carcinoma and colorectal cancer tissues (Cai et al.,
2017; Hedaya et al., 2015), optimisation results from this present study provides a new and
novel method for performing IHC in human BC tissues. In contrast others (Hedaya et al., 2015)
who used an EDTA antigen retrieval method, the COX-2 antibody and IHC process used in this
research study used a Heat Induced Epitope Retrieval (HIER) method for optimum staining.
We provide further details of the staining process, sample micrographs of staining intensity,
control and staining duration for optimum staining. This new approach and method for staining
tissue COX-2, will help contribute into BC research for those operators using the Roche
Ventana XT IHC autostainer or the Roche Ventana ultra IHC autostainer platforms.

With regards to CEACAM-1, optimisation and verification of the IHC protocol and antibody
staining was performed using human colon adenocarcinoma control samples (section 3.1.6).
Although the experimental protocols produced few overall variations, the optimum staining in
human colon tissues was observed in experimental protocol 2. Previous research by Thom et
al. (2009), reported a longer IHC protocol (2 days) and used only negative controls in contrast
with our present study, which has a shorter protocol (3 hours). The CEACAM-1 IHC method
developed in the present study, significantly reduces the protocol assay duration (2 days vs 3
hours) compared to the original method as described by Thom et al., (2009), and furthermore
provides more detailed information about the staining patterns in control tissues. This method

was subsequently used as a template to optimise for staining in bladder tumour samples.

HER-2/neu optimisation has been described previously (section 3.1.3). Using breast
adenocarcinoma tissue samples, the optimised protocol (experimental protocol 2) had a shorter
antigen retrieval step (4 minutes), primary antibody incubation time was 20 minutes, and an
amplification step was also included. The optimised protocol (experimental protocol 2) was
used for staining BC tissues. HER-2 IHC is currently used for clinical management of invasive

breast cancer, and has therefore been studied by other research groups (Gheybi et al., 2016; Ji
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et al., 2014; Shirsat et al., 2012). However, this current research provides new information with
regards staining BC tissues using the Roche Ventana XT IHC autostainer and the Roche
Ventana ultra IHC autostainer platforms.

Optimisation of CD31 and CD34 were performed using human appendix tissue samples as
positive control. With the inclusion of an amplification step and an increased incubation time,
optimum CD3L1 staining was observed within vascular endothelial cells in appendix tissues. In
the same tissues, CD34 immunostaining produced higher colour intensity compared to CD31.
This observation complements a similar study by (Krishnamoorthy et al., 2015), who also
reported that, CD34 immunostaining had a higher colour intensity in non-distended vein
samples compared to CD31. The modified protocol for assessing CD31 and CD34 used in this
research, therefore, may provide an alternative method for future researchers and will aid

standardization of IHC protocols within pathology (clinical and research) laboratories.

With regards to thrombomodulin, non-specific binding was prevented by adding a blocking
step to the IHC protocol. For the optimum protocol, primary antibody incubation time was also
increased to 32 minutes, post-staining amplification was enhanced using Ventana amplifier and
an Ultrawash step was included. These modifications resulted to enhanced membranous and
cytoplasmic staining within Bladder epithelial cells. Membranous staining patterns observed in
this present study complement results by (Song et al., 2018) who also observed similar findings
in Oral Squamous cell carcinoma. In contrast to this present study however, the study by (Song
et al., 2018) does not provide any information on control tissues, stain protocol and protocol
duration. Detailed results from this current study may provide a suitable template for BC

research on the Roche Ventana IHC autostainer.

SOX-2 optimisation has been described previously (section 3.1.4). Using human fallopian tube
tissue samples, the optimised protocol (experimental protocol 2) had a longer antigen retrieval
step (76 minutes), blocking step was included, primary antibody incubation time was 32
minutes, and an amplification step was also included. The optimised protocol (experimental
protocol 2) produced cytoplasmic and nuclear staining patterns in fallopian tube tissues and
complements results from a study by Capatina, Cimpean, Raica, Coculescu, & Poiana, (2019)
who also reported similar staining patterns. In comparison with Capatina et al. (2019) however,
the protocol developed in this current study had a shorter overall duration and is more suitable
for BC research. Furthermore, this current research provides new information with regards
staining BC tissues using the Roche Ventana XT IHC autostainer and the Roche Ventana ultra

IHC autostainer platforms.
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Variation in IHC may be caused by several factors and is one main sources of controversy
limiting standardisation across laboratories, research groups and regulatory bodies. Although
storage duration of FFPE tissues has been highlighted as a potential source of variation, Shi,
Liu, & Taylor (2007) have recommended the need to optimise antigen retrieval techniques prior
to staining sample tissues.

In summary, the present study has developed and optimised novel biomarker tissue staining

methods that may be, in the future, used to screen, diagnose and monitor patients with BC.

8.1.2 Chapter Four: Changes in serum-based inflammatory markers in BC patients and
their association with recurrence and progression

The main aim of this chapter was to identify changes in various inflammatory-related
biomarkers in patients scheduled for surgical procedures for the treatment of BC. Venous blood
samples were taken pre-operatively and at 1-month, 3-months and 6-months post-operatively.
TURBT, the main surgical procedure for the diagnosis and treatment of BC, is an invasive
technique usually performed under general anaesthesia. Inflammation-associated biomarkers,
which may be significant in cancer promotion and growth, were therefore analysed and

monitored up to six months following treatment.

MIP-2 was investigated in this research due to its association with inflammation and also its
potential role in angiogenesis and tumourigenesis (Kollmar et al., 2006). Serum MIP-2
concentration showed a significant decrease up to 6 months following TURBT (p=0.001).
Furthermore, there were significant differences between baseline pre-operative serum MIP-2

concentrations and 6-month post-operative concentrations (p<0.05).

TURBT conducted under general anaesthesia is expected to initiate an inflammatory response
which, in the presence of MIP-2, may lead to increased production of positive mediators of
inflammation such as leucocytes and mast cells (Proudfoot et al., 2003). Therefore, it can be
appreciated that, MIP-2 concentrations will increase during this time, as evidenced by the
increase in concentration at 1-month post-operative. However, 3 and 6-months following
surgical treatment, MIP-2 serum concentration are expected to reduce, following resolution of
acute inflammatory responses due to surgery. This expectation is evidence by the results from
this study, which show decreases in MIP-2 concentration at 3-months post-operative and 6-

months post-operative.

A mouse model evaluating changes in plasma MIP-2 levels following optical surgery, observed
an increase in MIP-2 concentration up to 7 days post-operative (Avraham et al., 2008). Findings

from their study showed that activation of the inflammatory response following surgery resulted
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in increased plasma MIP-2 concentration and therefore complements findings from this current

study, which also observed increased MIP-2 concentrations at 1-month post-operative.

Furthermore, findings by Avraham et al. (2008) also showed a decrease in MIP-2 at 2-months
post-operative, which also complements the findings from this current study. With regards to
both studies however, longer follow up periods (12, 18 and 24 months) would be more effective
for conclusive evaluation of MIP-2 changes and to rule out changes caused by physiological
responses, such as wound healing and tissue repair. Nonetheless, our results provide new
evidence of decreasing MIP-2 serum concentration in patients undergoing TURBT for BC

treatment and diagnosis.

Although CD31 plays various roles in normal physiology (e.g. tissue repair), it was investigated
in this research due to its role in angiogenesis and tumour growth (Cao et al., 2002; Kiseleva et
al., 2018). With regards to this present study, serum CD31 (also known as PECAM-1)
concentrations significantly increased up to 6 months post-operatively (p=0.003). Furthermore,
there were significant differences between baseline (pre-operative) CD31 levels vs 3-months
post-operative (p=0.002) and between baseline (pre-operative) CD31 levels vs 6-months post-
operative (p=0.001).

The initial rise in CD31 concentration at 1-month post-operative could be due to increased
tissue repair following the surgical procedures (Nolff et al., 2018). Although serum CD31
concentrations continued to increase at 3 and 6-months post-operative, follow up data is

unavailable to confirm association with recurrence and progression.

(Zheng, Chen, Wang, Wang, & Lei (2017) recently reported higher survival rates in metastatic
breast cancer who had low serum pre-treatment serum CD31 concentrations suggesting that
lower CD31 concentrations were associated with less aggressive tumour properties. In their
study however, only pre-treatment CD31 concentrations were measured in recruited patients in
contrast to this present study which measured serum changes at various time points following
treatment and offers new information about CD31 in BC patients. Differences in treatment
techniques (palliative vs TURBT) could also account for variations in their results compared to

findings from this present study.

IL-6, IL-8 and TNF-a showed similar trends of decreasing concentration up to 6-months after
surgical procedures for the diagnosis and treatment of BC. For IL-6, serum concentrations
initially increased at 1-month post-operative, before decreasing at 3-months and 6-months post-
operative toward baseline levels. In both in vitro and in vivo studies, IL-6, IL-8 and TNF-a

have been characterised as acute phase proteins whose immunoreactivity is elevated
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immediately following an inflammatory event (Campillo-Gimenez et al., 2018; Papadopoulos,
Karpouzis, Tentes, & Kouskoukis, 2014).

In agreement with others (Campillo-Gimenez et al., 2018; Papadopoulos et al., 2014), the
present study reports an increased IL-6 concentration for up to 1 month following TURBT for
the treatment of BC. Although IL-6 levels noticeably decreased towards basal levels at 6-
months post-treatment, a possible explanation for this could potentially be due to the resolution

of the initial inflammatory response after surgery.

In a recent study, Feng et al. (2018) reported an association between high pre-operative 1L-6
and 1L-8 serum concentrations and poor survival in pancreatic cancer, whilst high pre-
diagnostic serum IL-8 levels have been associated with an increased risk (Trabert et al., 2014),
poor prognosis and overall survival (Kassim et al., 2004) of ovarian cancer. In comparison with
our current study, these provide no further information with regards to variations in cytokine
concentration following surgical or adjuvant intervention. Our study highlights new knowledge
with regards to IL-6 and IL-8 serum concentrations in BC and may be useful in developing a
panel of biomarkers for assessing TURBT outcome.

With respect to CD40, this is a transmembrane protein member of the larger TNF superfamily
and is usually located on the surfaces of platelets, activated B and T cells (van Kooten &
Banchereau, 2000). Under certain conditions, such as an inflammatory response during immune
activation, it may also be expressed on the surfaces of basophils, mast cells and NK cells
(Blumberg et al., 2006). No changes to sCD40 were reported during the present study, possibly

suggesting a minimal inflammatory involvement during the post-operative period.

Angiopoietin-2 is expressed on endothelial cells and has been associated with inflammation
and angiogenesis (Ju et al., 2014; Lefere et al., 2018). Despite an initial increase in
Angiopoietin-2 at 1-month post TURBT, concentrations decreased at 6 months. A possible
explanation for the observed rise in concentration at 1-month post-operative, could potentially
be due to increased inflammation induced wound healing, tissue repair or vascular remodelling,
which has also been reported by others (Bupathi, Kaseb, Meric-Bernstam, & Naing, 2015;
Tanaka et al., 1999).

In a recent study, Chen et al. (2018) reported significantly higher serum angiopoietin-2 levels
in lung cancer patients compared to healthy controls. In agreement with our current study, they
reported significant reduction in serum angiopoietin-2 concentration following surgical
techniques. Our findings complement their observations that, following surgical techniques,
serum angiopoietin-2 concentration reduce potentially because tumour cells that secrete

angiopoietin-2 have been removed.
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Osteopontin is a glycoprotein with multifunctional properties in inflammation, cell-cell
interaction and bone remodelling (Fisher, Torchia, Fohr, Young, & Fedarko, 2001; Giachelli &
Steitz, 2000; Lund et al., 2009; Villanueva et al., 2019). In the present study, serum osteopontin
concentrations showed a trend of decreasing concentration up to 6-months post-operative.
Interestingly however, serum concentrations increased moderately at 1-month and 3-months
post-operative potentially indicating an elevated osteopontin-associated inflammatory response
or increased cell-cell interaction due to tissue repair following TURBT. At 6-months post-
operative, serum osteopontin levels reduced below pre-operative levels further confirming our

suggestion that, the initial elevations were responses influenced by TURBT surgery.

In patients with active TCC, higher plasma osteopontin concentrations were observed in
patients with high grade cancers and metastasis compared to patients with inactive TCC and
healthy controls (Ang et al., 2005), confirming tumourigenic properties in TCC especially in
patients with superficial cancers. Osteopontin values reported in their study were markedly
lower than the results observed in this present study which may be due to the different
techniques employed (ELISA vrs Bioplex). As a secreted protein, sensitive methods are
required for the accurate measurement of osteopontin in BC patients due to its potential utility

for monitoring treatment outcome.

Findings from this current research complement similar results by Zhou et al. (2013) who
reported increased 1 week and reduced 1 month and 2 months post-operative serum
Osteopontin levels in patients with HCC. Our results are however novel in BC and provides
new knowledge about changes in Osteopontin levels following TURBT for the diagnosis and
treatment of BC. Validation of these findings using larger sample cohorts with longer follow

up confirm Osteopontin as a novel biomarker for BC recurrence and progression.

In summary, it appears that changes to serum biological markers following TURBT for the
diagnosis and treatment of BC followed a similar trend. In general, it appeared that most of the
biological markers measured during these studies peaked at 1 month postoperatively, prior to
decreasing at 3 and 6 months respectively. It is proposed that up to 1-month post-operative is
when the most noticeable changes in biological markers occur. This study may therefore have
clinical implications for understanding the development of an inflammatory response post-
TURBT, and may help aid clinicians with regards to planning their post-operative management

and patient care.

With regards to serum-based inflammatory markers, MIP-2 and CD31 have shown most
promise following this study. Significant changes (increases in MIP-2 and decreases in CD31)

were observed in BC patients following TUTBT. It can therefore be appreciated, that these
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biomarkers, amongst the consideration of others, could potentially be considered as part of a
BC biomarker profile. However, further investigation, involving larger cohorts, is required to
fully establish the roles of these markers following TURBT for BC.

8.1.3 Chapter Five: Changes in serum Matrix Metalloproteinase 2, 3 and 9 (MMP-2,
MMP-3 and MMP-9) and Carcinoembryonic Antigen-related Cell Adhesion Molecule-1
(CEACAM-1), in patients undergoing TURBT, for the treatment of NMIBC

The main focus of this chapter was to identify changes in serum MMP-2, MMP-3, MMP-9 and
CEACAM-1 in patients undergoing TURBT, for the treatment of NMIBC. The MMPs are a
group of proteinases involved in degradation of the Extra Cellular Matrix (ECM), an essential

step in tumourigenesis and angiogenesis (Littlepage et al., 2010; Lv et al., 2018).

Some research studies have implicated MMPs in tumour growth (Chan et al., 2017; Deng et
al., 2017) and therapeutic interventions targeting ECM degradation by MMPs have been
developed for the management of certain pathological conditions (Alaseem et al., 2017).

Generally, there was a trend of decreasing serum MMP-2 concentration up to 6 months
following TURBT for the treatment of NMIBC. MMP-2 concentration decreased at 1-month
post-operative, remained unchanged at 3-months post-operative and further decreased at 6-
months post-operative. Following removal of the main cancer tumour through surgery, it can
be appreciated that concentrations will fall post-operatively due to an absence of MMP

secreting tumour stromal cells or reduced degradation of the ECM.

In breast cancer patients, Song et al. (2012) investigated MMP-2 and observed that higher pre-
operative serum MMP-2 levels were significantly linked to poorer prognosis. Although Song
et al. (2012) did not measure post-operative MMP-2 levels, our findings complement their
results since the baseline MMP-2 results were higher than any of the results observed post-
operatively. Since our study did not assess prognostic data following TURBT, we cannot
directly compare serum concentrations and cancer prognosis or survival. Our study however
further supports the observation that increased MMP-2 secretion occurs in the presence of
tumour cells but adds new knowledge in BC research since no previous studies have monitored
MMP-2 changes following TURBT treatment.

A study investigating serum MMP-2 observed lower concentrations in CRC patients compared
to healthy controls as well as lower concentrations in patients with high grade tumours,
advanced cancer stages and patients with metastatic disease (Groblewska et al., 2014). One
reason for this observation could be because high levels of MMP-2 lead to increased proteolysis
and increased cell migration during metastasis, which potentially has the general effect of
lowering the circulating MMP-2 levels in patients.
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In similar study, Waas, Wobbes, Ruers, Lomme, & Hendriks (2006) also observed lower serum
MMP-2 concentrations in patients with metastatic liver disease compared with healthy controls
further suggesting that in high grade, stage and metastatic disease, increased activity within the
ECM reduces serum MMP-2 concentrations. In comparison with both studies by Waas et al.
(2006) and Groblewska et al. (2014), although cancer prognosis, metastasis and survival were
beyond the scope of our study, we nonetheless report higher pre-operative serum MMP-2
concentrations compared to post-operative concentration in BC patients. These differences in
our reports could be due to differences in patient cohorts (NMIBC vrs CRC) and test methods

(ELISA vrs Bioplex assay).

With regards to serum MMP-3, there was a trend of decreasing serum MMP-3 concentration
following TURBT in BC patients recruited into this study. There was however an initial
increase in concentration from baseline to 1-month post-operative potentially due to ECM
remodelling following surgical techniques. At 3 months and 6-months post-operative however,

low MMP-3 concentrations are expected if there is no cancer recurrence or progression.

In a recent study Benoit et al. (2015) investigated serum MMP-3 levels in BC patients and
reported decreased concentrations in patients with lymph node involvement at the time of
radical cystectomy, indicating a potential role of MMP-3 in lymph node metastasis. The pre-
operative serum MMP-3 levels reported in the study are lower than those observed in this
present study, and may be due to differences in patient cohorts. Whilst their study included
patients with metastasis, our current study only included superficial BC patients. Higher pre-
operative serum MMP-3 may be due to presence of the tumour cells initiating cell proliferation,

ECM degradation and angiogenesis (Littlepage et al., 2010; Lv et al., 2018)

In this study, serum MMP-9 concentrations showed a significant decrease up to 6-months post-
operatively. Various researchers have investigated MMP-9 immunoreactivity in tissues, urine
and serum samples of BC patients (Eissa, 2007; Hara, 2001; Reis et al., 2012). In a study by
Guan et al. (2003), pre-operative serum MMP-9 concentrations were significantly higher
(p<0.001) in patients with TCC compared with healthy controls. The results from the present
study complement these findings, in that, basal levels of MMP-9 were higher than those
following resection of the tumour via TURBT. In this present study, serum MMP
concentrations were measured using a bead-based flow cytometry method, which has been
employed by other studies (Benoit et al., 2015), confirming a reliable methodology for

analysing this group of biomarkers.

A fundamental difference between the studies discussed above and our current study is the

length of follow up. These studies only measured pre-operative serum MMPs levels, whereas
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the present study made comparisons between pre-operative serum MMPs concentrations up to
6-months post-operatively. It can therefore be appreciated that excision or removal of bladder
tumours during surgery, may eventually reduce serum MMP levels. This may be due to the fact
that there is increased presence of MMPs within the tumour microenvironment. TURBT, which
successfully removes Bladder tumours, will therefore reduce MMP presence within the tumour
site and this could eventually lead a reduction in serum levels. It is for this reason, that
measuring serum MMP levels in serum could potentially be considered a useful biomarker for

monitoring patients with BC.

Although CEACAM-1 has pleiotropic effects (such as inducing apoptosis, regulation of cell
migrations, inhibition of cell proliferation) (Gebauer et al., 2014) in both physiology and
pathological conditions, it was investigated in this present study due to its potential role as a
marker of angiogenesis and tumour growth (Ergun et al., 2000).

In this present study, although there were no significant changes in CEACAM-1 serum
concentrations, there was trend of increasing concentration up to 6 months following TURBT
for BC treatment. Since CEACAM-1 has been shown to induce apoptosis and inhibit
proliferation in epithelial cells, the results from this present study suggests increasing serum

concentrations may possess protective functions for BC patients.

Huajun et al. (2018) have suggested that, combined measurement of serum CEACAM-1 and
APE1 has an increased potential of detecting colorectal cancer, since higher concentrations
were observed in patients with colorectal cancer. Their findings are in disagreement with the
results from this present study although they measured only one-time point (pre-treatment)
CEACAM-1 concentration.

Although the association between serum CEACAM-1 and BC recurrence were not correlated
in this present study, a recent study observed that patients with low serum CEACAM-1 had a
prolonged overall survival rate confirmed with patients with higher concentrations (Gebauer et
al., 2014). These further suggest that CEACAM-1 has protective functions and warrants further
study.

With regards to bladder specific research, there is limited evidence in literature on the effects
of CEACAM-1 on BC stage, grade and recurrence. Therefore, this present study provides new
information with regards to changes in serum CEACAM-1 concentration following TURBT
for BC treatment and should be investigated further using larger sample cohorts and longer

follow ups.

In summary, it is the MMP-9 biomarker that has shown most promise following this study.

Significant changes (decreases) were observed in BC patients following TUTBT. It can

176 |Page



General discussion Chapter Eight

therefore be appreciated, that this biomarker, amongst the consideration of others, could

potentially be considered as part of a BC biomarker profile.

8.1.4 Chapter Six: The role of various serum-based angiogenic and growth biomarkers in
Non-Muscle Invasive BC recurrence/progression

The main focus of this chapter was to identify changes in various angiogenesis-related serum
biomarkers in patients undergoing treatment for BC. The biomarkers analysed in this chapter
are mainly associated with tumour growth and progression by influencing processes such as
angiogenesis. Venous blood samples were taken pre-operatively and at 1-month, 3-months and
6-months post-operatively. TURBT, the main surgical procedure for the diagnosis and
treatment of BC, is an invasive technique usually performed under general anaesthesia. The
biomarkers measured in this chapter include growth factors, growth factor receptors and cell

adhesion molecules.

The basic fibroblast growth factor (bFGF) is strongly pro-angiogenic and has been implicated
in cell proliferation and cancer growth (Harney et al., 2015; Lewis et al., 2016). In this study,
there was a trend of increasing serum bFGF concentration up to 6-months after TURBT,
suggesting increased bFGF systemic or tumour activity following TURBT treatment.

Although the results observed in this present study were not statistically significant, the trend
of increasing bFGF concentration could potentially be due to tissue remodelling, vascular repair
or early cancer recurrence. In TCC patients, Szarvas et al. (2012) have previously shown that
increased serum bFGF concentration is associated with angiogenesis. In comparison with
Szarvas et al. (2012) however, follow up serum data was not provided, and conclusions with
regards to angiogenesis may be inaccurate due the several other underlying factors such as
chemotherapy. In this present study, although increased bFGF concentrations were observed
post-operatively, conclusive evidence, may be produced, by increasing the length of follow up
to 36-48 months following TURBT, in order to rule out influences of normal physiological

repair following TURBT.

Although FGF has been investigated in several human cancers (Bremnes, Camps, & Sirera,
2006; Kawaguchi et al., 2019; Student et al., 2018), no evidence has been produced regarding
post-operative serum changes in BC patients after TURBT. The studies mentioned above only
measured either pre-operative serum levels or tissue immunoreactivity of FGF and did not
perform any follow up serum bFGF concentration monitoring. Measuring only pre-operative
bFGF concentrations does not provide enough evidence concerning post-operative changes and
cannot explain the long-term effects of bFGF on tumour angiogenesis. The results reported in

this present study therefore provide novel information and evidence that, bFGF serum
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concentration increase in BC patients following TURBT and should be investigated further

using larger sample cohorts.

PDGF is a growth factor involved in angiogenesis, cell proliferation and tumour growth
(Holleran et al., 2015; Jitariu et al., 2018). In the present study, there was a significant decrease
in serum PDGF concentration in BC patients, up to 6-months following surgical treatment via
TURBT. Further statistical analysis showed that there were significant differences between

baseline pre-operative and 3-months post-operative PDGF concentrations.

Pan et al. (2017), investigated PDGF in CRC patients and reported high pre-operative PDGF
levels in patients those patients with liver metastasis (Pan et al., 2017). Although this present
study did not assess long-term treatment outcome, the present findings complement the findings
by Pan et al. (2017) highlighting higher pre-operative concentrations in BC patients. It is
suspected that, in the presence of high PDGF levels, there is increased cell proliferation and
angiogenesis (Wang et al., 2012a), as evidenced in the higher pre-operative concentrations
observed in this present study.

In patients with ovarian tumours, increased serum levels of PDGF-AA and PDGF-BB were
observed in patients with residual disease compared to those without residual disease (Madsen
et al., 2012) which suggests that PDGF activity in those patients with residual disease,
contributed to the high serum concentrations reported. In the present study, PDGF serum
concentrations increased moderately at 6-months post-operative probably due to early
recurrence. However, this suggestion should be investigated further by including serum
analysis at 12, 18 and 24 months post-operative to identify association with recurrence and

progression.

Due to limited evidence concerning serum PDGF in BC, the findings from this present research
provide new information on post-operative PDGF changes and should be considered in BC

biomarker profiles for monitoring and management following TURBT.

Even though SCF is mainly involved in hematopoietic cell proliferation, there is evidence to
suggest that hematopoietic cytokines can stimulate proliferation of non-hematopoietic cells
leading to tumour progression (Turner et al., 1992). In the present study, there was a significant
increase in serum SCF concentration in BC patients following TURBT, the treatment of BC.
Specifically, there was significant increase between baseline pre-operative and 3-months post-
operative serum SCF concentrations. These results suggest that, following removal of bladder
tumours via TURBT, serum SCF concentrations continued to increase up to 6 months post-

operative and may be due to initial tissue remodelling after surgery. At 3 and 6 months post-
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operative, the increase in SCF may be due to early recurrence or presence of residual disease
following TURBT.

Although methodological differences exist between this present study and a study by
(Mroczko et al., 2005), the results from both studies complement each other with regards to
low pre-treatment SCF levels. It can be appreciated that, following removal of tumour cells,
any sustained increase in serum SCF concentration beyond the initial physiological response,
may be an indicator of tumour-related angiogenesis. This observation however requires more

investigation with larger sample sizes.

With regards to pre-operative serum SCF concentrations, the results from this present study
also complement (Lukaszewicz-Zajac, Mroczko, Koztowski, & Szmitkowski, 2017)  who
observed lower serum SCF levels in oesophageal cancer patients compared to normal controls.
In this present study, the increased concentration at 1-month post-operative may be due to initial

physiological responses (such as wound healing or remodelling) caused by TURBT surgery.

Presently, due to limited evidence from literature with regards to serum SCF concentration in
BC patients, the findings from this present research provide new information on post-operative
serum SCF changes and should be considered in BC biomarker profiles for monitoring and
management following TURBT.

Follistatin was investigated in this research because it is a regulatory glycoprotein associated
with tumour angiogenesis and cell promotion in various cancers (Ren et al., 2012; Zabkiewicz
et al., 2017) whiles tumour suppressor properties have been reported by other studies (An et
al., 2017; Razanajaona et al., 2007). Although not statistically significant, serum Follistatin
concentrations investigated in this study showed a trend of increasing concentration following
TURBT treatment suggesting that Follistatin was secreted into circulation at 3 months and 6-

months after surgical techniques.

In a recent study, serum Follistatin levels were higher in patients with lung cancer compared
with normal controls (Zhang, Ruan, Xiao, Chen, & Zhang, 2018b). The study however only
measured one time point in comparison with our study which measured 4 different time points.
Furthermore, normal controls were not included in our present study since baseline pre-

operative concentrations were compared with post-operative concentrations.

In another study, (Ren et al., 2012) also reported higher serum Follistatin levels in patients with
ovarian cancer indicating a potential role in tumour growth due to increased angiogenesis. In
this present study, higher serum Follistatin levels at 3 and 6-months post-operative potentially
suggests tumour associated angiogenesis. However, follow up recurrence data was beyond the
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scope of the study. This study nonetheless provides new information about serum Follistatin

changes in bladder cancer patients undergoing TURBT and requires further investigation.

HER-2/neu is a transmembrane protein involved in signal activation leading to tumour growth
(Coussens et al., 1985; Semba et al., 1985; Siddiga et al., 2008; Wang et al., 2016b). Although
most research on HER-2 has focussed on tissue immunoreactivity in various cancers (Hammam
etal., 2015; Slamon et al., 2001; Smith et al., 2007), serum HER-2 was measured in this present
research because serum biomarkers are cheaper, less invasive and less time consuming and may

therefore provide an alternative tool for management of BC.

Although there was a trend of decreasing serum HER-2 concentration up to 6 months following
TURBT for the treatment of BC, these findings were not statistically significant. As a marker
of cell proliferation, it can be appreciated that serum HER-2 concentrations will increase in the
presence of cancer cells. Indeed in BC tissues, a recent a study has observed higher HER-2
immunoreactivity in high grade tumours compared to low grade further confirming HER-2 as

a marker of cancer cell proliferation (Hammam et al., 2015).

The main vascular endothelial growth factors (VEGFs) (VEGF-A, VEGF-B, VEGF-C and
VEGF-D) and their transmembrane receptors (VEGFR-1, 2 and 3) are important mediators of
angiogenesis and vasculogenesis and have been studied in various human conditions (Benjamin
et al., 1999; Gerhardt et al., 2003; Shibuya, 2011; Yang et al., 2018a). These markers were
therefore investigated in this present study, due to their roles in tumour growth through

angiogenesis.

In this present, similar trends of decreasing serum VEGF-A, VEGF-C and VEGF-D
concentrations were observed in BC patients up to 6 months following TURBT treatment.
(pg/ml) in patients who had TURBT for the treatment of NMIBC. Interestingly however, these
biomarkers increased at 1-month post-operative suggesting increased activity probably due to
physiological response to TURBT surgery. As vascular endothelial markers involved in other
physiological processes, such as wound healing, physiological angiogenesis (Shigetomi et al.,
2018) etc, it can be appreciated that serum concentrations will rise initially as a response to

surgery.

Although the trends observed for serum VEGF-C and VEGF-D concentrations in this present
study suggest normal physiological responses to surgery, test inaccuracy or sensitivity may
potentially be a source of variation. It has been suggested that VEGF-C and VEGF-D are mostly
released as immature isoforms which can be proteolytically cleaved to produce active forms
(McColl et al., 2007). The method used in measuring VEGF-C and VEGF-D in this present
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study, is not specific for active isoforms. Therefore, validation of the present results using a

more sensitive method as well as larger sample sizes, will provide more information.

With regards to pre-operative serum concentrations, the results observed in this present study
complement (Seker et al., 2013), who observed high VEGF concentration in CRC and lung
cancer patients undergoing chemotherapy. With regards to the study by (Seker et al., 2013)
however, the lower post-treatment concentrations may potentially be due to repeated
chemotherapy in their patients cohorts. Since most of the patients included in the present study
only had TURBT surgery (with adjuvant immunotherapy), the observed serum changes at 3-

and 6-months post-operative are not likely to be influenced by other external factors.

In a recent study, (Benoit et al., 2015), observed a significant association between serum
VEGF-A and VEGF-C levels and tumour invasion in patients with superficial BC. Although
similar cancer cohorts were used (NMIBC), the findings disagree probably due to the different
laboratory test methods used in analysing the serum-based biomarkers (Bioplex vrs flow
cytometry). The present study further differs from by measuring follow up serum

concentrations up to 6 months after treatment.

With respect to VEGFR-1 and VEGFR-2, the serum concentrations observed in this present
study, showed a general trend of increasing concentration up to 6 months following treatment
via TURBT. These findings seem to suggests that these receptors have an inverse relationship
with the growth factors (VEGF-A, VEGF-C and VEGF-D).

Lack of correlation between the serum-based growth factors and receptors the tissue-based
receptor, could possibly be due to the presence of a different influencing factor. Therefore,
further analysis of serum concentrations up to 4 years following TURBT could provide more

information.

TIE-2 is a small receptor protein for angiopoietin-2 and has been shown to play important roles
in cancer proliferation and growth (Ju et al., 2014). In this present study TIE-2 was measured
as a potential biomarker for angiogenesis. Although there was an initial increase in serum
concentration at 1-month post-operative, TIE-2 showed a trend of decreasing concentration up
to 6 months post-operative. These results for TIE-2 observed in this present study also
complement the trend reported for angiopoietin-2 (its receptor) and suggest initial response

(such as tissue repair) following TURBT.

Szarvas et al. (2008) have previously shown that NMIBC patients have higher TIE-2 levels
compared to MIBC suggesting that TIE-2 may have aggressive tumour properties due to

increased angiogenesis. These observations were however not observed in this present study
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due to shorter follow up. It does however appear that, up to 6 months after TURBT, TIE-2
concentrations reduce below baseline levels and should be investigated further.

In summary, the results from this present study suggests that changes to serum-based biological
markers following TURBT for the diagnosis and treatment of BC followed a similar trend. With
regards to serum-based angiogenic and growth markers, PDGF and SCF have shown most
promise following this study. Significant changes (increases) were observed in BC patients
following TURBT. It can therefore be appreciated, that this biomarker, amongst the
consideration of others, could potentially be considered as part of a BC biomarker profile.
However, further investigation, involving larger cohorts, is required to fully establish the roles
of these markers following TURBT for BC.

8.1.5 Chapter Seven: The role of novel antibody immunoreactivity and their association
with BC recurrence and progression

The main aim of this chapter was to evaluate the role of various selective antibodies in BC
recurrence and progression. This was done by assessing IHC staining of various selected
biomarkers in patient tissues following TURBT for the treatment of BC. Prior to performing
IHC on patient tissues, antibody staining and IHC protocols were optimised using
recommended control tissues (chapter 3).

Biomarkers studied in this chapter were selected, due to their involvement in cancer growth
and progression, through hallmarks such as angiogenesis and inflammation. Indeed, previous
studies using animal models, human tissues and cell culture have reported important roles of
inflammation and angiogenesis in tumourigenesis, cancer growth and progression (Grimm et
al., 2010; Mao, Jiang, Sun, & Peng, 2015; Nowak et al., 2018; Perkhofer et al., 2016; Tung et
al., 2013).

CD31 is a transmembrane cell adhesion molecule with roles in leucocyte migration,
angiogenesis and cell proliferation and can be useful as a potential marker of angiogenesis
(Stockinger et al., 1990). Tissue immunoreactivity patterns of CD31 and CD34 have been
reported by (Pusztaszeri et al., 2006).

With regards to CD31, the results from this present study showed a significant increase in CD31
immunoreactivity in vascular endothelial cells located in bladder tumour cells with some
staining also located close to the tumour cells. As a marker of angiogenesis, these findings
potentially show the presence of increased angiogenesis within the Bladder tumours. The
scoring system used in this research examines both staining intensity and percentage positivity

in tumour cells and has been used by others (Usuda et al., 2018).
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The CD31 immunoreactivity patterns reported in this study further complement results by (Qian
et al., 2018) who also reported increased CD31 immunoreactivity in all tumour vessels.
Contrast to their study however, this present study used different patient cohorts (hepatocellular
carcinoma vrs transitional cell carcinoma). Both studies however show that, CD31 in a good

marker for measuring angiogenesis using IHC.

Results from this present study also showed that, there was no association between CD31
immunoreactivity and cancer grade. These findings disagree with a previous study by (Kuang
et al., 2013), who reported significant association between CD31 immunoreactivity in tumour
grades. A possible explanation for the different findings could be scoring systems used for
assessing CD31 immunoreactivity. Whereas this present study using a simple scoring system
(using staining intensity and tumour cell percentage), (Kuang et al., 2013) measured MVD
using a specialised imaging software. Using MVD analysis, significant CD31
immunoreactivity has also been observed in high grade tumours by other researchers
(Mohamed, Mohammed, Ibrahim, Mohamed, & Salah, 2017b). It is therefore possible that,
different reporting or scoring systems will cause variations in reporting CD31 staining and
potentially hinder validation across research groups and laboratories.

In this present study, patients with cancer stage pTa presented with higher CD31
immunoreactivity compared to other BC stages. These findings suggest that increased CD31
immunoreactivity in low pTa tumours may have an association with angiogenesis. These
observations complement a recent study which reported, that high CD31 immunoreactivity in
Laryngeal Squamous Cell Carcinoma are associated with low stage cancers and early
recurrence (Schluter et al., 2018). The results from this study also complement earlier results
by El Gehani et al. (2011) that observed higher CD31 immunoreactivity in BC patients.
Whereas this present study used a scoring system based on staining intensity and percentage
however, El Gehani et al. (2011) measured microvessel density which is sometimes prone to
variation. Several other studies have linked CD31 immunoreactivity to poor prognosis,
metastasis, recurrence and survival (Deliu et al., 2016; Diana et al., 2016; Virman et al., 2015;
Wermker et al., 2015).

With regards to recurrence, there was no association between CD31 immunoreactivity (at
diagnosis) and BC recurrence and progression following TURBT treatment. It is suggested that
any future research evaluation the association between CD31 immunoreactivity and BC
recurrence should consider analysing BC tissues at baseline and up to 24-36 months following
TURBT. This approach will provide more detailed information with regards to changes in

CD31 immunoreactivity.
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In summary, the results from this present study highlight increased CD31 immunoreactivity in
vascular cells in BC tumours and provides an approach to evaluating angiogenesis. The findings
provide new information with respect to CD31 staining in BC patients following TURBT
treatment. Although no association was observed with cancer recurrence, the findings require

further investigation using larger sample cohorts as well as longer follow up periods.

CD34 is also a transmembrane protein expressed on hematopoietic stem cells, vascular
endothelial progenitors and embryonic fibroblasts (Brown et al., 1991; Fina et al., 1990; Patry
et al., 2018). In this present study, higher CD34 immunoreactivity was observed in endothelial
cells within BC cells compared to other areas. As a marker of the endothelium, this observation
suggests increased activity probably due to angiogenesis in BC cells. In agreement with other
researchers (Giulioni et al., 2019), this provides potentially useful information which can be
exploited for developing anti-cancer therapies by targeting anti-angiogenic pathways.

Results from our present study further complement findings by others who reported no
association between CD34 immunoreactivity and tumour grade and stage in patients with
oesophageal and oral squamous cell carcinoma (Shahsavari, Farhadi, Sadri, & Sedehi, 2015).
Although they measured vascular density in their patient cohorts, the findings nonetheless
indicate no association with various clinicopathological features and suggests CD34 may not

be a good biomarker for monitoring treatment.

Other studies have investigated CD34 immunoreactivity by evaluating microvessel density in
tissues (Moghadam, Abadi, & Mokhtari, 2015; Sarmadi et al., 2017). In comparison with these
studies, the present study used a scoring system based on staining intensity and cell percentage.
Both methods are subject to variation and requires validation for clinical utility. With regards
to our study however, we provide new information with regards to CD34 immunoreactivity in
BC and therefore recommend validation of these findings with larger sample sizes and longer

follow ups.

With regards to cancer recurrence, there was no association between CD34 immunoreactivity
(at diagnosis) and cancer recurrence after treatment with TURBT. Our findings are in
disagreement with earlier reports by (Tsuji, Ishiguro, Sasaki, & Kudo, 2013) who observed a
significant relationship between high CD34 immunoreactivity and cancer recurrence in patients
with HCC. These differences between findings may be explained by the patient cohorts
employed in the 2 studies. Whilst Tsuji et al. (2013) compared CD34 immunoreactivity
between 2 different patient cohorts (patients with HCC recurrence following repeated
examination of tissue biopsies vs patients with 5 year history of disease free recurrence post-

surgical treatment), this present study used only one patient cohort by analysing CD34
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immunoreactivity (at diagnosis) and comparing immunoreactivity patterns with treatment

outcome.

In summary, the results from this present study highlight increased CD34 immunoreactivity in
vascular cells in BC tumours and provides an approach to evaluating angiogenesis. The findings
provide new information with respect to CD34 staining in BC patients following TURBT
treatment. Although no association was observed with cancer recurrence, the findings require

further investigation using larger sample cohorts as well as longer follow up periods.

Thrombomodulin is a 74kDa protein implicated in inflammation and other cancer-related
processes (Horowitz & Palumbo, 2012; Zhang et al., 1998). The results obtained from this
research showed a significant difference in thrombomodulin immunoreactivity in BC tissue
cells compared to normal Bladder tissues. Specifically, Bladder tumour cells showed loss of
immunoreactivity or reduced thrombomodulin immunoreactivity within bladder tumour cells.
Due to its tumour suppressive properties (Tanaka et al., 2017), loss of thrombomodulin
immunoreactivity observed in this present study, could potentially cause increased tissue

differentiation, metastasis and recurrence.

Although the exact mechanisms through which thrombomodulin mediate cancer growth are not
fully understood, earlier cell culture and animal studies have shown that, thrombomodulin
maintains cell-cell interactions and also inhibits degradation of the ECM; important factors in
cancer proliferation (Koutsi, Papapanagiotou, & Papavassiliou, 2008; Weiler et al., 2001).

In both human tissues and BC cell lines, Wu et al. (2014) have demonstrated an inverse
relationship between thrombomodulin immunoreactivity and aggressive tumour behaviour of
BC. Using cell lines, Zheng et al. (2016) also reported a reduction in cell proliferation and
angiogenesis in the presence of increased thrombomodulin whilst its absence was associated
with increased tumour growth, cell migration and invasion. Our findings therefore further
complement these earlier studies by highlighting the loss of Thrombomodulin
immunoreactivity within BC cells. In terms of Bladder specific research however, our research

provides new information on Thrombomodulin staining patterns in bladder tumours.

Our current study also investigated the association between cancer stage and thrombomodulin
immunoreactivity. Patients with high stage BC were significantly associated with reduced
thrombomodulin immunoreactivity suggesting that there was reduced cell to cell interaction
due to the absence of thrombomodulin. This observation is in agreement with an earlier study
which reported that, decreased thrombomodulin immunoreactivity was significantly correlated

with high cancer stage, differentiation and 5 year survival (Hanly et al., 2006). With regards to
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cancer stage therefore, findings from this present study complement their findings and suggests
that loss of thrombomodulin immunoreactivity in cancer cells results in higher rates of

differentiation which can potentially lead to metastasis and recurrence.

In this current study, there was no association between thrombomodulin immunoreactivity (at
diagnosis) and cancer recurrence. This observation should however be further investigated

using larger sample sizes and increasing the length of follow up.

Even though their exact physiological role has not been fully understood, CEA and its cell
adhesion molecules have been associated with several cancers in both tissue culture and animal
model studies (Dango et al., 2008; Gebauer et al., 2014; Thoem et al., 2009). CEACAM-1 was
investigated in this present study due to its potential role as a marker of angiogenesis and

tumour growth (Ergin et al., 2000).

The results from this present study showed a loss of CEACAM-1 immunoreactivity in Bladder
tumour cells compared to other tissues. Due to its angiogenic properties, an increased
immunoreactivity of CECAM-1, was expected in BC patients before TURBT. Indeed, the
findings from this present study disagree with earlier investigations by other researchers who
observed that, increased tissue immunoreactivity of CEACAM-1 are associated with
angiogenesis in lung cancer (Dango et al., 2008). Furthermore, the two IHC reporting systems
(traditional scoring system using stain intensity/percentage vrs MVD) produced different

results and raises further issues with validation.

Although some studies have associated CEACAM-1 immunoreactivity with aggressive tumour
behaviour (ie high grade, advanced stage, metastasis, survival etc) in different human cancers,
(Thies et al., 2002; Thom et al., 2009), findings from this current study disagree with their
observations. Although similar reporting systems were used, variations in the findings could be
due to sample sizes and patient cohorts. We nonetheless provide new information with regards

to CEACAM-1 immunoreactivity in BC patients undergoing TURBT treatment.

COX-2 is an enzyme homodimer involved in inflammation by catalysing the production of
prostaglandins from arachidonic acid (Mead et al., 1986). In studies using cell culture, animal
models and human tissues, a significant link between COX-2 and inflammation-associated
tumour properties have been identified (Anderson et al., 1996; Crofford, 1997; Giovannucci et
al., 1995; Giovannucci et al., 1994). These earlier studies provided a depth of knowledge for
current research in BC. COX-2 was therefore included in this present study due to its links with

inflammation and cancer growth.
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The results from this study showed that, there was generally a significant increase in COX-2
immunoreactivity in Bladder tumour cells, compared to those in normal tissues. These findings
are in agreement with a recent study by (Hedaya et al., 2015) who also observed higher COX-
2 immunoreactivity in colonic adenocarcinoma tissues in comparison with normal tissues.
These findings suggest that tumour cells of epithelial origin express high levels of COX-2
probably due to chronic inflammation and may potentially be a good biomarker. Furthermore,
high stage and high grade patients presented with high staining intensity and percentage of
tumour cells (Hedaya et al., 2015). These observations were also present in the current study
and suggests that COX-2 immunoreactivity in cancer tissues (especially staining intensity)

should be further investigated in BC.

With regards to cancer stage, the results from this study are in contrast to (Cai et al., 2017) who
reported significant associations between COX-2 immunoreactivity and cancer stage. Although
both endometrial carcinoma (EC) and BC are of epithelial origin, differences in sample size
(183 EC vrs 35 BC), duration of follow up (5 yrs for EC vrs 2 yrs for BC) and different antibody
clones, may explain the differences in results reported by both studies.

The relationship between antibody immunoreactivity (at diagnosis) vs BC recurrence was not
significant. Nonetheless, the immunoreactivity patterns of COX-2 in BC, reported in this
present study, should be investigated further using larger sample sizes and longer follow up
periods. COX-2 seems to be epithelial cancer specific and may be a useful marker for

monitoring and management of BC patients following TURBT.

The S100P protein is a small kDa protein which was initially purified from human placenta
(Emoto et al., 1992) but has been shown to play key roles in cellular processes like regulation
of cell cycle, growth, transcription and differentiation (Jiang et al., 2016). It was investigated
in this present study because its cellular immunoreactivity may interact with growth factors and
growth factor receptors, leading to several effects such as tumour proliferation (Jiang et al.,
2016).

The results from this present study showed that S100P was significantly immunoreactive in BC
cells in comparison with normal Bladder tissue and suggests this protein may be a good marker
for identification of BC. In a similar study, S100A8 (which belongs to the same family as
S100P) was highly immunoreactive in TCC tissues compared to normal cells (CUl et al., 2012).
In disagreement with that study however, there was no correlation between S100P

immunoreactivity and patients’ cancer grade and stage in this present study.

Although it can be appreciated that S100P immunoreactivity will be higher in high grade

tumours due to increased cell proliferation, that observation was not made in this present study
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and could potentially be due to low sample size. Furthermore, comparing S100P
immunoreactivity at diagnosis, with S100P immunoreactivity at 2-5 years following treatment,
may provide confirmatory information with regards to recurrence and long-term outcome

measures.

In agreement with this present study, an evaluation of S100P immunoreactivity revealed
increased nuclear and cytoplasmic staining in tumour cells in an earlier study by (Yuan et al.,
2013). Furthermore, there was heterogeneous S100P immunoreactivity across tissue
components as well as some degree of nonspecific staining in inflammatory cells located within
tumour cells (Yuan et al., 2013). These observations further confirm our suggestions that S1I00P
as an inflammatory marker may potentially be useful in BC management and monitoring

following surgical treatment.

With regards to recurrence however, the findings from this present study disagree with (Yuan
et al., 2013) who observed that positive S100P immunoreactivity was strongly associated with
early recurrence in HCC patients. Difference in patient cohorts and sample sizes may explain
these variations. The results from this study nonetheless provides new information with regards
to S100P staining in bladder tumour cells as well as its association with cancer grade, stage and
recurrence following treatment via TURBT.

SOX2 is a transcription factor and plays important roles in the development of embryonic stem
stems and other growth processes (Masui et al., 2007; Sarkar & Hochedlinger, 2013). It was
investigated during this research study due to its potential utility as a biomarker of cancer

growth and progression.

With regards to this present study, there was a significant increase in SOX-2 immunoreactivity
in Bladder tumour cells, compared to those in normal tissues suggesting that, there was
potentially an increased rate of cell proliferation due to increased transcription in bladder
tumour cells. These findings complement a reports from a recent study which reported that
tumour cells expressing SOX2 contributed to increased BC tumour proliferation (Zhu et al.,
2017a). the results further complement earlier an earlier study in cervical squamous cell
carcinoma (SCC) where SOX2 was observed to be highly immunoreactive in the SCC tissues
compared with normal cervical tissues (Chang et al., 2015). Results from the present study
however, provides more information about the stain protocols, optimisation of IHC (described
in chapter 3) and representative micrographs of the stain scores. This therefore provides anew

template for future research on BC using the Roche Ventana IHC platforms.

In a meta-analysis of seven studies which included 1,944 patients with non-small cell lung

cancer (NSCLC), increased immunoreactivity of SOX2 was associated with favourable
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prognosis (Shao, Chen, & He, 2015). In this present study, there was no association between
SOX-2 immunoreactivity and cancer recurrence. In this regards, although the follow up period
was shorter (less than 2 yrs.), findings from this current study are in agreement with the results
from (Shao et al., 2015).

In light of our current understanding of SOX2 activities in cancer, it may be utilised as a

prognostic tool or therapeutic intervention.

HER-2/neu is a transmembrane protein involved in signal activation leading to tumour growth
(Coussens et al., 1985; Semba et al., 1985; Siddiqa et al., 2008; Wang et al., 2016b). In various
human cancers, different HER-2 immunoreactivity rates and patterns have been reported
(Hammam et al., 2015; Slamon et al., 2001; Smith et al., 2007). HER-2 immunoreactivity was
therefore investigated in this present study due to its links to cancer growth in various human

cancers, especially its utility in breast cancer treatment and management.

In this present study, HER-2 was significantly immunoreactive in Bladder tumour cells,
compared to normal tissues. As a protein involved in signal transduction leading to increased
cell proliferation, the increased immunoreactivity observed in this present study potentially
implicates HER-2 in BC growth. These observations complement results by (Hasan et al., 2018)
who reported higher HER-2 immunoreactivity in colorectal cancer cells compared to normal
controls. In contrast however, (Hasan et al., 2018) assessed HER-2 immunoreactivity using an
image analysis software (Image J) compared with the present study which measured HER-2

immunoreactivity using modified reporting system.

Furthermore, the results from this present study complements results by (Du, Xu, Fang, & Qi,
2012) who have previously reported similar findings (higher HER-2 immunoreactivity) in
breast cancer patients. The differences between the studies however is that, this present study
provides detailed information with regards to antibody clone, scoring system and optimises

IHC protocol to the Ventana IHC autostainer.

With respect patients’ cancer grade, there was a significant association with HER-2
immunoreactivity. Specifically, the results show that high grade (G3) patients presented with
higher HER-2 immunoreactivity compared with low grade (G1) and are thus, in agreement with
(Jana et al., 2012), although their observations were made in breast cancer patients. These
findings nonetheless suggest that HER-2 immunoreactivity results in higher rate of cell
differentiation that potentially leads to increased risk of recurrence and metastasis in BC

patients.
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In this present study, high stage tumours (e.g. pT1/pT2 in BC) presented with high HER-2
immunoreactivity, complementing similar findings breast cancer (Jana et al., 2012). It can be
appreciated that, increasing HER-2 immunoreactivity will lead to increased activation of the
so-called MAPK pathway, which explains the association with aggressive tumour behaviour.
Indeed other researchers have highlighted the link between HER-2 and metstasis and survival
(dos Santos et al., 2017; Prins, Ruurda, van Diest, van Hillegersberg, & Ten Kate, 2013).

With regards to cancer recurrence, the results from this present study did not identify an
association with HER-2 tissue immunoreactivity. These findings are in disagreement with
Rouanet et al. (2014) who observed a significant association between HER-2 immunoreactivity
and recurrence in breast Cancer. In comparison with that study however, different antibody
clones, scoring systems, and slightly different stain protocols were used in both studies.
Although long-term treatment outcome (overall survival, prognosis) were beyond the scope of
this present study, the present findings are in agreement with others (Baiocchi et al., 2017) who
reported no significant association between HER-2 immunoreactivity and recurrence patients
with cervical cancers. The differences between both methods (such as small sample sizes, short
follow up periods) may explain the difference.

VEGFR-3 is a transmembrane receptor kinase implicated in tumour associated angiogenesis
and cell promotion (Cartland et al., 2016; Shibuya, 2011). In this present study, there was a
significant increase in VEGFR-3 immunoreactivity in Bladder tumour cells, compared to those

in normal tissues.

In a study by Hedaya et al. (2015), VEGF immunoreactivity in colonic adenocarcinoma showed
intensely positive staining compared to normal control tissues. However, control tissues were
moderately positive for VEGF indicating the potential likelihood of false positive reporting. In
this present study, there was also nonspecific VEGFR-3 staining within nuclei of some
underlying muscle cells, lymphatic endothelial cells and basal tissue cells. This observation in
this and other study highlights the unspecific nature of VEGF staining and raises the issues with

standardisation in reporting slides.

In agreement with this present study, VEGFR-3 immunoreactivity was significantly localised
to the vascular endothelial cells within tumours compared to normal cells in a previous study
(Smith et al., 2010). A similar scoring system was used in both studies which suggests that
results may potentially be standardised across laboratories. However, the present study also
observed nonspecific nuclei and cytoplasmic staining in noncancerous tissues, an observation
which has also been reported by (Petrova et al., 2008) in an assessment of several research
studies which used the same VEGFR-3 antibody clone (54703/MAB3491).
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During this study, interpretation of IHC slides was performed by careful consideration of the
stain intensity and percentage of tumour cells staining positive. A significant source of variation
and controversy in IHC is the type of scoring system, which also hinders standardisation of
reporting within and across laboratories. Some authors have however reported consistent results
using both automated and traditional scoring systems (Choudhury, Yagle, Swanson, Krohn, &
Rajendran, 2010). Taking these factors into consideration nonetheless, this present research
took into consideration, important factors such as control tissues, protocol
verification/optimisation, experience of reporting histologist/consultant and cancer cohort.
Some of the results produced in this present study are therefore novel whiles other complement

or disagree with other researchers.

In summary, it can be appreciated that monitoring of tissue immunoreactivity of HER-2 and
thrombomodulin may show promise for the management of patients with BC. Overall, and with
respect to all of the serum and tissue biomarkers investigated in this study, it is proposed that
changes in the measured parameters may not be due to a single factor, but due to a number of
factors that may result following TURBT surgery such as: tissue damage, wound repair, and

removal of the tumour (resection).

The present study, although with its limitations, does provide a novel approach to IHC
methodology by introducing new biomarkers (e.g. HER-2 and thrombomodulin) that may
become useful tools for the monitoring of patients with BC. In addition, serum-based
biomarkers such as CD31, MMP-9, PDGF, SCF and MIP-2 could also be considered for future
studies involving BC patients, and may help form the basis for biomarker profile for BC.

8.2 Study Limitations & Future Direction

It is acknowledged that this clinical pilot-study had limitations to include, sample size,
measuring both serum and tissue-based biomarkers on all samples collected, and to assess

changes to biomarkers following the 6 months’ follow-up period.

With respect to the serum and tissue biological markers (e.g. thrombomodulin, MMP-9, MIP-
2, etc.) measured in the present study, it would have been interesting to have measured these
biomarkers in serum and tissue for all patients. The results generated could have provided
complementary information involving the serum and tissue-based biomarker, for example, an
increased tissue immunoreactivity of a specific biomarker may have resulted in a decrease
secretion into the serum. Measuring urine samples in any future study, would also be useful
and provide supportive information to data generated from the present study. However, due to
time and financial constraints it was difficult to measure serum and tissue markers for all

samples in the present study, and analysing urine samples would have doubled the costs.
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In the present study, 40 patients were recruited from a single site hospital, namely Wrexham
Maelor, North Wales. It would have been beneficial if more patients were recruited from other
hospital sites across North Wales, which may have provided additional information that could
have had an effect on the outcome of some of the statistical analysis undertaken on the

biomarker data.

As means of a future direction for the study, it would be interesting to follow-up the patients
beyond the 6 months’ period, possibly up to 24-36 months’ post TURBT. Gaining additional
information at these time points may highlight any sustained changes to the various biomarkers

and their association with clinical outcome measures.

With respect to the biomarkers measured during this study, it would also be interesting in any
future studies to consider molecular markers such as FGFR-3, E-Cadherin, Tropomyosin.
Measuring some molecular markers that have been reported to play a role in BC, could be

complementary to the markers that have been investigated in the present study.

The present study has provided a sound foundation to undertake future work involving multi-
centre studies, which may be able to help validate the IHC methods undertaken during this
thesis. They could also aid and provide further evidence for developing a specific panel of
biomarkers that could be used in addition to, or in combination with, current management

protocols, for the identification of patients at risk of developing recurrence and progression.

8.3 Conclusion

The main aim of this research study was to evaluate the role of novel biomarkers (serum and

tissue based) and their association with recurrence and progression in BC.

With regards to laboratory investigations, currently there are no routine biomarkers available
for monitoring BC patients at increased risk of developing recurrence and progression. By
monitoring changes in various biomarkers post-TURBT, any sustained increase may be a

predictor of cancer recurrence or progression.

The findings from this study suggest that serum and tissue-based biomarkers such as MIP-2,
MMP-9, HER-2, thrombomodulin and CD31 may provide a way of assessing patients post-
TURBT, and would allow urological surgeons a biomarker profile to monitor patients during

the management and surveillance of their BC.
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Collectively, findings from the present study may indicate an alternative approach in the
monitoring and management of patients with BC. It is proposed that by allowing urological
surgeons access to laboratory markers such as MIP-2, MMP-9, HER-2, Thrombomodulin and
CD31, potentially, in the future, these biomarkers may be used in addition to, or in combination
with, currently used scoring systems to predict cancer recurrence and progression. Since current
management of BC mainly involves imaging and resection, measuring a biomarker profile

capable of detecting recurrence, could provide an alternative route for managing patients.

Ultimately, our research findings may allow current NHS post-operative care protocols to be
revised, improved and implemented within 6-8 years, although larger studies are needed in this
area of research in order to make an impact on a national scale, and to promote good practice

in the field of urology, pertaining to BC.
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