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Summary 

Globally, prostate cancer is the most common cancer for males. In the 

era of PSA screening, survival rates for primary localised prostate cancer 

are high, with the majority of cases classed as clinically insignificant. 

However, in advanced or metastatic prostate cancer, five year survival 

rates decrease drastically. Improved understanding of the biological 

mechanisms involved in disease progression and metastasis is 

paramount. The overall aim of this study was to elucidate the relationship 

between circulating tumour cells, inflammation, obesity and exercise in 

patients with metastatic prostate cancer.  

Characterisation of molecularly distinct subtypes of prostate 

cancer may aid the development of targeted therapies for patients with 

this disease. Three sets of patients, grouped according to progression 

status, were screened for the presence of SPOP mutations and for 

genomic alterations, ERG and PTEN. No SPOP mutations were 

observed within each group, however decreased ERG expression was 

demonstrated as significantly associated with immediate progression 

after surgery in this cohort. ERG status remained significant within this 

cohort of patients, with the addition of age, Gleason grade and PTEN 

status to the model. This finding highlights the possible role of distinct 

genomic alterations in prostate cancer disease progression.  

The ExPeCT trial was conceived to further understanding on the 

biology of metastasis in prostate cancer. ExPeCT aimed to examine the 

effects of exercise on circulating tumour cells, obesity and inflammation 

in patients with metastatic prostate cancer. Participants were randomised 

into exercise or control groups, and the exercise group undertook six 

months of aerobic exercise. The impact of exercise was determined in 

relation to circulating tumour cell number and the hypothesised platelet 

cloaking of tumour cells. Significant changes in circulating tumour cell 

number were observed within each group over time, in addition to the 

presence of platelet cloaking and circulating tumour cell clusters. 

Significant positive correlations were also observed between circulating 

tumour cells and clinical variables, which may hold potential as an 
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aggressive disease signature, as well as a screening tool for patients with 

high risk of metastatic spread.  

In addition to circulating tumour cells, the role of inflammation and 

obesity in metastatic prostate cancer was examined. Obesity is 

associated with aggressive disease and the onset of a pro-inflammatory 

environment. Understanding the role played by inflammation in 

metastatic disease, may provide insight into disease progression. 

Significant differences in adipokine and inflammatory mediator 

expression were observed within group, in addition to significant 

correlations with clinical variables. The relationship between obesity, 

inflammation, circulating tumour cells and platelet cloaking was also 

assessed. Significant correlations were observed, suggestive of an 

association between these biological processes in promoting metastatic 

disease.  

Diagnostic needle core biopsies from ExPeCT participants were 

assessed for expression of a lethality associated gene signature. 

Significant correlations between gene expression and inflammatory 

mediators, IL4 and IL-13 were observed, suggesting a relationship in 

early stage disease. In conjunction with the clinical trial, an in vitro cell 

line model was constructed to study the impact of obesity in prostate 

cancer.  Significant differences in expression between malignant and 

normal prostate cells were observed, as well as differences between cell 

lines cultured in adipocyte conditioned media. These data highlight the 

need for further research in this area.  

In conclusion, this research contributed significantly to the 

understanding of the relationship between circulating tumour cells, 

obesity and inflammation in metastatic prostate cancer and aimed to 

improve the lives of patients living with this disease. 
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1.0 Introduction 

1.1 Prostate cancer 

1.1.1 Incidence and mortality 

Globally, prostate cancer (PrCa) is the second most common cancer type 

in men and accounted for 1.1 million new cancer cases in 2012 (Ferlay 

et al., 2015). The majority of reported cases occur in developed regions 

in comparison to developing countries (Figure 1.1), conceivably in part 

related to the widespread use of prostate specific antigen (PSA) testing 

and biopsy screening (Ferlay et al., 2015). In terms of European 

statistics, Western Europe has the highest levels of PrCa incidence, with 

Ireland placing as third highest for PrCa Incidence (EUCAN, 2018) 

(Figure 1.2). PrCa is the most common cancer for men in Ireland, with 

the National Cancer Registry Ireland estimating 3364 new diagnoses and 

527 deaths per annum (NCRI, 2017). While five year survival rates for 

primary localised PrCa are extremely high at almost 100%, metastatic 

disease infers a much worse prognosis with five year survival rates 

reducing to 31% (Jin et al., 2011).  

 

 

 

 

 

 

 

Figure 1.1: Outline of cancer incidence and mortality rates among men 

in developed vs. less developed regions.  

Image adapted from (Ferlay et al., 2015).
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Figure 1.2: European prostate cancer statistics including incidence and mortality rates in Ireland. Images adapted from 

EUCAN (https://eco.iarc.fr/eucan).  
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1.1.2 Development of prostate cancer 

The key role of the prostate is the addition of secretory proteins to 

seminal fluid (Abate-Shen and Shen, 2000). It is divided into four main 

sections (Figure 1.3) and consists of glands lined with basal and 

secretory epithelial cells; secretory epithelial cells rely on androgens and 

produce PSA. In addition to basal and epithelial cells, neuroendocrine 

cells are dispersed throughout the gland (Oh W.K., 2003).   

 

 

 

Figure 1.3: Prostate anatomy showing the four zones. Image from (Oh 

W.K., 2003) 
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Prostatic conditions are common, with risk of non-malignant 

conditions, such as benign prostatic hyperplasia (BPH), increasing with 

age (Roehrborn, 2005). The pre-malignant condition, prostatic 

intraepithelial neoplasia (PIN) involves aberrant, non-invasive 

proliferation and may be determined as a precursor to malignant disease 

(Bostwick and Qian, 2004). The development of PrCa is an event most 

commonly associated with older males (>60) and is viewed as a multi-

focal, heterogeneous disease state (Shen and Abate-Shen, 2010). The 

development of PrCa (Figure 1.4) occurs through interplay between 

differentiated cells, loss of cell programmed death, oncogene activation 

and the cell environment (Taichman et al., 2007).  Lifestyle factors (e.g. 

dietary elements), inflammation and somatic mutations, (e.g. 

phosphatase and tensin homologue (PTEN) loss), are all risk factors 

associated with PrCa (Nelson et al., 2003). DNA repair defects have 

been identified in 20-30% of advanced PrCa cases, suggesting a 

prominent role in metastatic disease and a potential use as a therapeutic 

target (Mateo et al., 2017). Multiple different types of PrCa have been 

determined based on the cells of origin, including transitional cell, 

squamous cell and neuroendocrine PrCa, with adenocarcinomas 

presenting as the most common type (CancerResearchUK, 2018). Due 

to different histologic patterns within PrCa tumours, a grading system 

called the Gleason grade works on the basis of adding the score of the 

two most common histologic tumour patterns, with a maximum score of 

Gleason grade 10 (Gordetsky and Epstein, 2016). To improve accurate 

assessment of the clinical significance of disease, amendments to the 

Gleason grading system were recently recommended. The new five tier 

system eliminates scoring of 2-5 Gleason grades, and assigns a grade 1 

to previously scored Gleason grade 6. These recommendations have 

been incorporated into the European Association of Urology guidelines 

(De Nunzio et al., 2018). 
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Figure 1.4: Stages of prostate cancer progression. Image taken from 

Shen and Abate Shen, 2010.  

EMT: epithelial mesenchymal transition, NKX3: homeobox protein Nkx-3, PTEN: 

phosphatase and tensin homolog, ERK: extracellular receptor kinase, MAPK: mitogen-

activated protein kinase, MYC: myeloctomatosis oncogene cellular homolog, EZH2: 

enhancer of zeste homolog 2, TMPRSS2-ERG: transmembrane protease serine 2 ETS-

related gene fusion. 

 

1.1.3 PSA and screening outcomes 

Continuing research in the area of PrCa derives the need for a prostate 

specific biomarker suitable for the detection and monitoring of PrCa. PSA 

was approved in the early 1990s and subsequent screening programmes 

have witnessed an increased incidence with a concomitant decrease in 

patients presenting with metastatic disease (Lilja et al., 2008). PSA is a 

serine protease which, when present in the bloodstream, can exist in 

multiple forms. Factors such as inflammation within the prostate can 

cause a change from a normal state to a diseased state, allowing 

elevated levels of PSA to disseminate into the blood (Greene et al., 

2013). Increased PSA levels in the blood are found in men with PrCa, but 

can also be attributed to other non-malignant prostate conditions such as 

BPH (Lilja et al., 2008). Patients with early stage PrCa can present as 

asymptomatic, thus PSA screening may allow for early prognosis and 

disease monitoring (Cabarkapa et al., 2016). PSA screening detects 
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many cases of clinically insignificant PrCa, posing the threat of over 

treatment for indolent disease (Chen et al., 2016). Separating clinically 

significant disease that may progress to advanced disease from indolent, 

poses a significant clinical challenge (Moschini et al., 2017). Active 

surveillance, consisting of regular PSA screening, biopsy and digital 

rectal exams for patients presenting with low risk PrCa (defined as 

Gleason score ≤6) may help to combat the overtreatment of indolent 

disease (Klotz, 2005).   

 

1.1.4 Castrate-resistant/lethal prostate cancer  

For primary, localised PrCa survival rates are high, with surgery for 

radical prostatectomy or radiation treatment the most common treatment 

choices (NCI, 2011). Androgen deprivation therapy (ADT), an anti-

hormone therapy suppressing androgen synthesis, has become the 

mainstay of treatment for progressive PrCa. ADT encompasses anti-

androgen drugs (e.g. Bicalutamide (Casodex)), luteinising hormone 

releasing hormone (LHRH) agonists that decrease levels of testosterone 

(e.g. Leuprolide) and LHRH antagonists (e.g. Degarelix) (ACS, 2018).  

Androgen receptor (AR) is a transcription factor associated with 

angiogenesis and proliferation in PrCa (Culig, 2014b), with PrCa cells 

relying on AR for prolonged survival and cancer dissemination (Lonergan 

and Tindall, 2011) (Figure 1.5). Testosterone, the most common 

androgen, is transformed into dihydrotestosterone, which is a more active 

hormone capable of increased AR binding (Feldman and Feldman, 

2001). ADT inhibits androgen synthesis leading to decreased levels of 

serum testosterone (Yang et al., 2016). ADT is initially successful in the 

majority of patients, promoting cancer regression for a median of several 

months. However, almost all patients become resistant to ADT and are 

deemed castrate-resistant (Nakazawa et al., 2017, Watson et al., 2015). 

Castrate resistant prostate cancer (CRPC) is a lethal form of PrCa during 

which cancer cells can adapt to a low androgen status and continue 

proliferation. Disease progression can present as a biochemical 

recurrence (BCR) and/or the presence of distal metastases (Nakazawa 

et al., 2017).  BCR is defined as a rise in PSA level post localised 
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treatment and may be viewed as a precursor to disease recurrence and 

progression (Paller and Antonarakis, 2013). Docetaxel was the leading 

treatment of CRPC until the emergence of new AR therapies such as 

abiraterone and enzalutamide (van Soest et al., 2015). These second-

generation AR therapies target different pathways as well as preventing 

AR binding and AR translocation to the nucleus (Rodriguez-Vida et al., 

2015). However, the eventual therapeutic resistance to these second-

generation therapies (Nakazawa et al., 2017) demonstrates a need for 

continued research into treatment options for CRPC and metastatic 

PrCa. 

 

 

 

 

 

 

 

 

Figure 1.5: Overview of major AR signalling pathways in PrCa. AR binds 

to dihydrotestosterone and translocates to the nucleus. Upon 

translocation, AR binds to target genes and begins to regulate gene 

expression. Image taken from Lonergan and Tindall, 2011.  

AR: androgen receptor, T: testosterone, DHT: dihydrotestosterone, HSP: heat shock 

protein, IL-6R: interleukin 6 receptor, IGF-1: insulin growth factor, EGF: epidermal 

growth factor, JAK1: janus kinase 1, STAT3: signal transducer and activator of 

transcription 3, p300: histone acetyltransferase p300, Ack: acetate kinase, MEK: 

mitogen activated kinase, ERK1/2: extracellular receptor kinase, RTK: receptor tyrosine 

kinase, Src: steroid receptor co-activator, PKA: protein kinase A, cAMP: cyclic 

adenosine monophosphate, PI3K: phophoinositide 3-kinase, PIP3: phosphatidylinositol 

(3,4,5)-trisphosphate, AKT- protein kinase b, PTEN: phosphatase and tensin homolog. 
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1.1.5 Biomarkers and molecular characterisation of prostate 

cancer 

A biomarker can be defined as a measurement that when evaluated 

against a normal range may hold prognostic, predictive and diagnostic 

potential (Armstrong, 2012, Cary and Cooperberg, 2013). The most 

commonly used biomarker in PrCa, PSA, has been associated with a lack 

of specificity leading to over-treatment of clinically insignificant disease 

(Cary and Cooperberg, 2013). A PSA level of >0.4 ng/mL is generally 

accepted as an indicator for further investigation, however increased 

levels can be present in non-malignant conditions (Saini, 2016). Levels 

of overtreatment vary widely, with a systematic review highlighting the 

range of over diagnosis as being between 1-67% (Loeb et al., 2014). 

Based on these findings, PSA screening may be especially relevant for 

monitoring disease progression and recurrence (Saini, 2016).  A key 

challenge in PrCa research is the development of novel PrCa specific 

biomarkers. In CRPC, biomarkers, such as epigenetic modifications and 

gene alterations, hold the potential to be used effectively to personalise 

targeted therapy in terms of course and duration of treatment (Armstrong, 

2012).  

 

1.1.5.1 Epigenetic 

Epigenetic modifications are changes within the structure of DNA or 

chromatin, which do not alter the original DNA sequence (Chiam et al., 

2014). Two main modifications, DNA methylation and histone 

modifications can alter gene expression, which may hold relevance for 

patients with metastatic CRPC. Post translational histone modifications 

can include methylation, phosphorylation and acetylation, with over 60 

modification sites documented within histones (McAnena et al., 2017). In 

AR dependent LNCaP cells, histone acetylation and other histone 

modifications are shown to activate the PSA gene (Kang et al., 2004), 

while demethylases were shown to encourage AR dependent gene 

transcription (Wissmann et al., 2007). In tissue studies of patients with 

metastatic PrCa, a potentially predictive DNA methylation signature was 

identified for the first time (Friedlander et al., 2012). A hypermethylated 

epigenetic signature found in mPrCa was notably different to benign 
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tissue. Furthermore, mixed methylation signatures were determined in a 

subset of genes, such as genes linked with AR repression (Friedlander 

et al., 2012). These findings outline the potential role epigenetic markers 

could play in PrCa disease outcomes.  

 

1.1.5.2 Gene alterations 

Loss of PTEN has been extensively documented as one of the most 

frequent gene alterations in PrCa and is associated with poorer 

prognosis; with loss of expression present in >50% of metastatic PrCa 

cases (Murphy et al., 2016). The prevalence of PTEN loss increases with 

disease progression, making it a significant candidate as a PrCa 

biomarker (McCall et al., 2008).  The phosphatidylinositide 3-kinase 

(PI3K) pathway (Figure 1.6) promotes phosphorylation of 

phosphatidylinositols (PIPs), which results in the recruitment of Akt. Akt 

mediates cell survival and promotes proliferation. PTEN can regulate the 

PI3K pathway, with PTEN loss resulting in over expression of Akt, 

causing a loss of apoptotic behaviour and increased proliferation (Phin et 

al., 2013, McCall et al., 2008).  Thus, PTEN loss is closely linked with 

disease progression and metastasis (Noh et al., 2016).  
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Figure 1.6: Overview of the PIK3/PTEN/Akt pathway. Growth factors 

bind to receptor tyrosine kinase and activates the receptor complex which 

in turns activates PI3K. PI3K converts PIP2 to PIP3 and mediates the 

phosphorylation of Akt. PTEN acts as a tumour suppressor that regulates 

the pathway, converting PIP3 back to PIP2. Image taken from (Phin et 

al., 2013).  

PIP2: phosphatidylinositol 4,5-bisphosphate, PI3K: phosphoinositide 3-kinase, PTEN: 

phosphatase and tensin homolog, PDK1: phosphoinositide-dependent kinase 1, AR: 

androgen receptor, mTOR: mammalian target of rapamycin. 
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Recurrent gene fusions are one of the most common genetic 

alterations in cancer. The ETS family of transcription factors are 

associated with multiple biological processes including angiogenesis, 

metastasis and proliferation (Gasi Tandefelt et al., 2014). Members of the 

E26 transformation specific (ETS) family include ETS variant 1 (ETV1) 

and ETS-related Gene (ERG), both of which are altered in PrCa cases 

(Rubin, 2012). Rearrangements in ETV1 are expressed in 5-10% of PrCa 

and mutual exclusivity between ETS family rearrangments has been 

documented (Gasi Tandefelt et al., 2014). The TMPRSS2-ERG 

rearrangement is estimated to be present in >50% of all PrCa cases 

(Wang et al., 2017). TMPRSS2-ERG has also been linked to more 

aggressive, metastatic subtypes of PrCa (Kumar-Sinha et al., 2008). The 

use of TMPRSS2-ERG as a prognostic biomarker in PrCa has not been 

fully realised, however, presence of the gene fusion is strongly correlated 

with a more aggressive type of disease (Hägglöf et al., 2014).  

Investigation into distinct molecular subtypes of PrCa may hold 

the potential to identify prognostic biomarkers. Heterozygous speckle-

type POZ protein (SPOP) mutations have been identified in 6-13% of 

PrCa cases and have demonstrated mutual exclusivity with ERG fusions 

or ETS gene family rearrangements (Barbieri et al., 2012). The structure 

of the SPOP gene is comprised of several parts, of which an N-terminal 

MATH domain mediates substrate binding. SPOP binding can promote 

substrate degradation and is involved in significant biological processes 

(Mani, 2014). Investigation into the SPOP wildtype (WT) determined its 

tumour suppressor properties, which suppress AR activity (Geng et al., 

2013). SPOP mutants lack this tumour suppressor role, thus postulating 

a relationship between SPOP mutants and a more aggressive disease 

outcome (Garcia-Flores et al., 2014).  This evidence highlights the need 

for further research into the indentification of PrCa biomarkers and the 

classification of distinct molecular PrCa subtypes, to provide benefits to 

patients with PrCa.  
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1.2 Circulating tumour cells 

Repeated biopsy of metastatic lesions is invasive and is not common 

practice in a clinical setting, preventing frequent genomic analysis of 

metastatic tumour biology. The term ‘liquid biopsy’ can include blood, 

saliva and urine and is a non-invasive, real-time approach that may 

reflect the molecular profile of the metastatic environment (Di Meo et al., 

2017), which in turn, may hold particular relevance in terms of disease 

progression and clinical outcomes. Studies have shown that tumour cells 

possess the ability to shed off the primary tumour, enter the bloodstream 

and extravasate to distant sites, forming metastatic lesions (Maheswaran 

and Haber, 2010). These cells are known as circulating tumour cells 

(CTCs) (Figure 1.7) and may hold value in monitoring cancer 

progression.  

 

 

 

 

 

 

 

 

 

 

 

Figure 1.7: Representative image of a CTC (40X). 

 (Brady L et al., Manuscript in preparation) 
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The presence of CTCs has been extensively documented in 

multiple different cancer types, including breast, lung, ovarian and 

prostate (O’Shannessy et al., 2016, Chalfin et al., 2017). Metastasis is 

the most common cause of cancer related morbidity and CTCs may 

provide insight into tumour heterogeneity and risk of metastatic invasion 

(Gorges and Pantel, 2013). A majority of CTCs are detected as single 

cells; however, CTC clusters have been identified using cluster specific 

technology and are associated with poorer overall survival rate (Sarioglu 

et al., 2015). In addition to CTC clusters, circulating tumour microemboli 

(CTM), consisting of CTC aggregates which contain similar properties to 

CTCs have been identified circulating in the bloodstream of metastatic 

breast, prostate, pancreatic and non-small cell lung cancers (Cho et al., 

2012). Circulating free DNA (cfDNA) has also been identified in patients 

with cancer. Molecular analysis of cfDNA vs. matched metastatic tumour 

tissue from patients with metastatic PrCa noted similar genomic 

characteristics and somatic attributes (Wyatt et al., 2017). Tumour 

heterogeneity may account for differences in therapy efficacy and 

disease recurrence (Hayes and Paoletti, 2013); hence evaluation of 

CTCs, CTM and cfDNA may provide insight into tumour heterogeneity 

and hold clinical relevance as a non-invasive method for profiling 

metastatic PrCa. 

 

The method by which CTCs exit the bloodstream undetected is 

not well understood, with platelets postulated to play a role in aiding CTC 

extravasation (Figure 1.8) (Stegner et al., 2014). Platelets are small cell 

fragments found circulating in the peripheral blood and are primarily 

involved in the coagulation cascade (Stegner et al., 2014). Upon entering 

the bloodstream CTCs are subject to shear stress and immune 

surveillance and may partner with platelets to avoid detection (Massague 

and Obenauf, 2016). Using ovarian cancer cell lines, it has been 

established that platelets aggregate to CTCs and provide a protective 

pro-survival environment (Egan et al., 2011). P-selectin, an adhesion 

receptor involved in the immune response, is present in the granules of 

platelets. Once activated by tumour cells, P-selectin can mediate the 

binding of platelets to small cell lung cancer, neuroblastoma and 
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teratocarcinoma cells (Stone and Wagner, 1993). Natural Killer (NK) cells 

are members of the body’s innate immune response and are integral to 

the detection and destruction of CTCs (Fregni et al., 2012). Platelet 

depleted murine models demonstrated the impact of NK cells on 

uncloaked tumour cells, decreasing the level of spontaneous 

metastases, inferring that the ‘platelet cloaking’ of CTCs provide a barrier 

to the body’s immune response (Nieswandt et al., 1999). In addition to 

the cloaking effect of platelets on CTCs, platelets contain multiple growth 

factors within their alpha granules (Lubkowska et al., 2012), which may 

aid tumour formation. It has been demonstrated in vivo that transforming 

growth factor beta (TGFβ), when activated by platelets, significantly 

contributes to the extravasation process and onset of metastasis (Labelle 

et al., 2011). Murine models deficient in Gαq protein (essential for platelet 

activation) demonstrated a significant decrease in the levels of 

metastases, leading to the assumption that platelets aid the metastatic 

cascade (Palumbo et al., 2005). The role of platelets in metastatic PrCa 

is poorly understood; with platelets hypothesised to play a key role in both 

aiding CTCs evade immune surveillance and promoting metastatic 

spread.  
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Figure 1.8: Impedance of immune surveillance by ‘platelet cloaking’ of 

CTCs.  

Image taken from Stegner et al. 2014. 

 

In spite of the proposed clinical relevance of CTCs, a ‘gold 

standard’ approach for detection of CTCs has proven problematic. 

Numerous platforms have been developed for the detection, isolation and 

enumeration of these rare cells.  CellSearch® is currently the only FDA 

approved device for the isolation of CTCs. It centres on the use of 

immunomagnetic beads coated with epithelial cell adhesion molecule 

(EpCAM) to extract CTCs expressing this molecule from whole blood 

samples (Gorges and Pantel, 2013). EpCAM is a glycosylated membrane 

protein present on the majority of epithelial cells, operating as a cell-cell 

adhesion molecule (Munz et al., 2009). Previous studies with patients 

with malignant or metastatic PrCa disease, utilising the CellSearch® 

technology have demonstrated poor overall survival in those with ≥ 5 

CTCs per 7.5 mL of whole blood, while < 5 CTCs per 7.5 mL, was classed 

as favourable (de Bono et al., 2008). Further studies using this platform 

in PrCa, have determined significantly higher counts in patients with 

metastatic disease (Thalgott et al., 2013). However, some CTCs may not 
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express EpCAM on their cell surface due to epithelial-mesenchymal 

transition (EMT) (Mikolajczyk et al., 2011) and it is therefore postulated 

that this methodology may not capture all CTCs (Desitter et al., 2011). 

Based on this evidence, size based filtration methods have been 

developed. ScreenCell® is a size based filtration method established on 

the assumption that CTCs are generally larger than other cells present in 

whole blood and will adhere to a polycarbonate filter membrane allowing 

for their segregation and enumeration (Desitter et al., 2011). While this 

methodology has many advantages, tumour cell diversity has been 

widely studied and considerable heterogeneity can exist between 

primary and metastatic tumours (Shah et al., 2009) resulting in a 

heterogeneous population of CTCs.  The positive identification of CTCs 

after isolation, may be supported by the use of Immunohistochemical 

(IHC) markers such as CD45 (El-Heliebi et al., 2013). The current 

literature highlights the potential role of CTCs and platelet cloaking as 

reliable disease markers in metastatic PrCa.  

 

1.3 Obesity 

1.3.1 General overview 

Obesity is a global healthcare burden, which is associated with lifestyle 

choices and is classified using body mass index (BMI), a height to weight 

ratio, with overweight characterised as a BMI ≥ 25 and obesity as a BMI 

≥ 30 (WHO, 2016).  BMI is considered a recognised clinical measurement 

for total body fat. Overweight and obesity are defined as an increased 

accumulation of fat, which may be detrimental to overall health. 

Furthermore, in 2014, the World Health Organisation (WHO) estimated 

that greater than 1.9 billion adults are classed as overweight globally 

(WHO, 2016). In Ireland in 2011, the Irish Universities Nutrition Alliance 

estimated that 37% of all adults were overweight, with a further 24% 

characterised as obese (IUNA, 2011). Using the UK Foresight Obesity 

Model it has been demonstrated that the rate of overweight and obese 

adults in Ireland will increase to 89% in males and 85% in females by 

2030 (Figure 1.9) (Keaver et al., 2013).  This obesity epidemic is further 
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underscored by overweight estimates in 9 year old Irish children, with 

30% of girls and 22% of boys presenting as overweight (McCrory, 2011).  

 

 

Figure 1.9: Graph outlining the projected increase in overweight and 

obese adults in Ireland in 2020 and 2030.  

Image taken from (Keaver et al., 2013). 

 

1.3.2 Risk factors associated with obesity 

Diet and sedentary lifestyle behaviours greatly influence obesity risk 

(Hruby and Hu, 2015). Sedentary activities, such as sitting, greatly 

reduces energy expenditure (Matthews, 2008) and inactive leisure 

activities (e.g. prolonged television watching), greatly increase the 

probability of developing obesity and obesity related illnesses, when 

compared to light or moderate physical activity (Hu et al., 2003). Obesity 

is implicated as a risk factor for a number of significant health care 

concerns including cardiovascular disease (CVD), hypertension and 

diabetes (Poirier et al., 2006). CVD is considered the leading cause of 

mortality worldwide, with central adiposity and abnormal lipid levels 

classed as high risk factors for the development of CVD (Yusuf et al., 

2004). Diets concentrated in saturated, monounsaturated and trans-fat 

heavy foods, which promote a pro-inflammatory response, may 

contribute to weight gain and the onset of obesity (Ramallal et al., 2017). 

Metabolic syndrome (MetS) is defined as low level systemic inflammation 

and a group of factors (Table 1.1), such as central adiposity and 
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hypertension, which together pose a greater risk for CVD (Emanuela et 

al., 2012). The risk of developing MetS is greatly increased in individuals 

who fall into the obese BMI range > 30 (Han et al., 2002). 

 

 

 

Table 1.1: MetS factors 

 

 

Risk Factor for MetS 

Central adiposity 

Hypertension 

High level of triglycerides 

Abnormal cholesterol 

High blood sugar 

 

 

Additionally, the relationship between obesity and inflammation 

has been extensively documented (Rodriguez-Hernandez et al., 2013). 

An enhanced inflammatory state has been suggested in obesity with 

increased levels of pro-inflammatory mediators (tissue necrosis factor 

(TNF)) witnessed in obese individuals (van Dielen et al., 2001). This is 

further strengthened by data demonstrating a reduction of TNF receptors 

2 years post gastric restrictive surgery (Nijhuis et al., 2009). Increased C-

reactive protein (CRP), a marker of systemic inflammation, has been 

associated with worse overall survival in PrCa (Xu et al., 2015). Elevated 

levels of CRP are correlated with a higher BMI, thus postulating that 

increased levels of CRP are more likely in obese individuals (Visser et 

al., 1999). Obesity decreases life expectancy and the likelihood of 

mortality from MetS associated co-morbidities (Kitahara et al., 2014). 

 

1.3.3 Obesity and cancer 

Increased body fat composition and obesity have been attributed to 

multiple different cancer types (AICR, 2007). In 2012, it was estimated 
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that 3-6% of all cancer diagnoses were associated with a high BMI, with 

Europe falling in the upper range of 2-9% of total cancer cases (Arnold 

et al., 2015). Evidence suggests that obesity, a higher BMI and waist 

circumference greatly increase the risk of developing certain cancer 

types including gastric cancer (Chen et al., 2013), liver cancer (Campbell 

et al., 2016) and endometrial cancer (Dougan et al., 2015).  

In PrCa, while obesity and a high BMI alone may not influence 

overall PrCa risk, emerging research has shown a correlation between 

high BMI and advanced PrCa (Grotta et al., 2015). The Cancer 

Prevention Study II Nutrition Cohort outlined the increased possibility of 

obese men developing an aggressive disease subtype, while men who 

underwent lifestyle related weight loss decreased their probability of 

developing aggressive PrCa (Rodriguez et al., 2007). A meta-analysis 

further strengthened this hypothesis by identifying obesity as a significant 

risk factor for the development of high Gleason grade associated with 

advanced PrCa (Zhang et al., 2015). The probability of patients with MetS 

developing high grade tumours was 1.7 times more frequent than those 

men without MetS, while patients with MetS also displayed an increased 

susceptibility to BCR (Morote et al., 2013). This data may suggest an 

interplay between obesity, MetS and an aggressive PrCa disease state. 

The mechanisms of action associated with the obesity-cancer 

relationship may involve growth factors, adipokines and chronic 

inflammation (Ford et al., 2013).  

 

1.3.4 Adipokines and prostate cancer 

A range of adipokines, such as adiponectin, leptin and resistin, are 

secreted from adipose tissue, with elevated levels of some adipokines 

present in obese states (Figure 1.10) (Hauner, 2005). Adipose tissue can 

be widely dispersed around the body and the production of pro-

inflammatory adipokines is a common occurrence (Nakamura et al., 

2014). Adipokines play a leading role in obesity and are thought to 

contribute to processes such as inflammation, proliferation and 

apoptosis. Adiponectin, leptin and resistin are of particular interest in 
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PrCa as it is postulated that these adipokines play a role in the 

advancement of disease (Vansaun, 2013). 

 

 

 

 

Figure 1.10: Image outlining levels of adiponectin, leptin and resistin 

expression in overweight and normal weight individuals.  

 

1.3.4.1 Leptin 

Leptin is an adipokine secreted by adipose tissue and was originally 

discovered in mouse models in 1994 as part of the obese gene mutation 

studies (Zhang et al., 1994). Leptin is synthesised in white adipose tissue 

and is a regulator of homeostasis. Leptin is also implicated in multiple 

cellular functions, including the regulation of food intake, energy 

expenditure, metabolism and immune function (Park and Ahima, 2014). 

Leptin is found in circulation in either its free, unbound active state or 

bound to the leptin receptor (LepR) (Sinha et al., 1996). Alternative 

splicing of the LepR gene produces a range of isoforms, however LepR 

acts as the predominant receptor for all cellular processes (Villanueva 

and Myers, 2008). Levels of leptin are linked to caloric intake, with higher 

levels present in obese individuals (Park and Ahima, 2014). In PrCa, a 

study comparing patients with BPH to patients with PrCa found that leptin 

expression was significantly higher in patients with PrCa (Hoon Kim et 

al., 2008). Furthermore, leptin may be associated with an aggressive 
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PrCa phenotype, with high levels significantly associated with greater 

Gleason grade (Di Sebastiano et al., 2017). Excess adipose tissue and 

levels of free leptin are further correlated with increased PrCa 

aggressiveness (Lopez Fontana et al., 2011). In vitro cell line 

experiments with androgen independent PrCa cell lines, PC-3 and 

Du145, demonstrated a dose dependent proliferative effect (Hoda et al., 

2012), suggesting a relationship between high levels of leptin and 

advanced PrCa.   

1.3.4.2 Adiponectin 

Adiponectin is an adipokine found circulating in plasma in higher 

concentrations in non-obese individuals when compared to obese 

individuals (Arita et al., 1999). Adiponectin has two associated receptors 

with full binding affinity, adiponectin receptor 1 (AdipoR1) and 

adiponectin receptor 2 (AdipoR2).  Both receptors are known to play a 

role in fatty acid metabolism and can also regulate inflammatory induced 

NF-ĸB activation (Yamauchi et al., 2014). Epidemiology studies have 

noted reduced levels of adiponectin in CVD and diabetes, with low levels 

of circulating adiponectin thought to be predictive of the development of 

type 2 diabetes (Lihn et al., 2005). Treatment with a constructed 

adiponectin adenovirus in adiponectin knock-out mouse models 

exhibited improved fatty acid metabolism and alleviated insulin 

resistance (Maeda et al., 2002), demonstrating the role played by 

adiponectin in these pathways. Notably, adiponectin levels are 

approximately 40% lower in males when compared to females, based on 

an inhibitory effect of androgen on adiponectin (Lihn et al., 2005). An in 

vitro study using PrCa cell lines, DU145, PC-3 and LNCaP-FGC, 

demonstrated increased PrCa cell growth when cultivated in adipocyte 

conditioned medium (Bub et al., 2006). This effect was ameliorated by 

the introduction of adiponectin, suggesting an anti-proliferative effect of 

adiponectin in PrCa cells (Bub et al., 2006), which has been further 

demonstrated using in vitro PrCa cell lines models (Gao and Zheng, 

2014). The US Physicians’ Health Study found that men with higher 

levels of circulating adiponectin had a markedly reduced risk of 
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developing high grade PrCa when compared to those men with lower 

adiponectin levels (Li et al., 2010). 

 

1.3.4.3 Resistin 

Resistin is an adipokine that was originally discovered in mouse models 

(Steppan et al., 2001). Steppan et al. established a role for resistin in 

altering insulin action in vivo, providing an association between obesity, 

resistin levels and insulin resistance (Steppan et al., 2001). In mouse 

models, resistin was secreted from adipose tissue, however very low 

mRNA levels of resistin were detected in human adipose tissue (Patel et 

al., 2003). In humans, resistin is primarily expressed in peripheral blood 

mono-nuclear cells with levels increasing upon differentiation into 

macrophages (Park and Ahima, 2013). Investigation into resistin 

receptors has identified adenylyl cyclase-associated protein 1 (CAP1) as 

a potential candidate. CAP1 was found to bind directly to human resistin 

and to regulate the pro-inflammatory impact of human resistin both in 

vitro and in vivo (Lee et al., 2014). Serum levels of resistin were 

significantly elevated in obese individuals when compared to non-

obese/lean individuals (Degawa-Yamauchi et al., 2003) and are 

implicated in CVD, atherosclerosis, inflammation and obesity (Filkova et 

al., 2009). In cancer, an association between high expression of resistin 

and obesity-related cancer has been established (Gong et al., 2016). The 

role of resistin in PrCa is not as well understood as other adipokines, 

however in vitro PrCa cell line experiments demonstrated a link between 

increased resistin expression and proliferation (Kim et al., 2011), 

postulating a role between resistin and PrCa progression.  

 

1.4 Inflammation  

1.4.1 The immune system and chronic inflammation 

The body’s immune system can enact a protective response, which 

reacts to foreign substances such as microbes, viruses and cancer cells 

(Warrington et al., 2011). The immune system can be divided into two 

main types, innate immunity and adaptive immunity. The main role of the 

innate immune system is to respond to infectious agents that pass 
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through the body’s physiological barriers, such as the skin and mucous 

membranes. The innate immune response is comprised of multiple cell 

types, such as neutrophils and macrophages, who respond immediately 

to pathogens by igniting an inflammatory response (Turvey and Broide, 

2010). Adaptive immunity is triggered by signalling received from the 

innate immune response, which alerts to pathogens within the host 

(Bonilla and Oettgen, 2010). Cells of the adaptive immune response, T-

cells and B-cells, function by producing specific antigens which eradicate 

distinct pathogens, and by developing an immune memory to target and 

remove a repeat offender quickly in the event of a subsequent infection 

(Warrington et al., 2011). Acute inflammation is the initial response to 

infection such as influenza and usually resolves quickly. However, in 

some instances a chronic inflammatory state develops, where self-

limiting ability is lost and irreparable damage can occur over time (Gabay, 

2006). Examples of this include systemic autoimmune diseases such as 

rheumatoid arthritis (RA) (Straub and Schradin, 2016). Chronic 

inflammation and chronic inflammatory disorders (e.g. Crohn’s disease, 

RA, psoriasis and ankylosing spondylitis) are linked to an increase in all-

cause mortality (Dregan et al., 2017), as are elevated markers of 

systemic inflammation such as CRP, platelet counts and neutrophils 

(Proctor et al., 2015). Chronic inflammation has been linked to the 

development of multiple malignant disease states (Coussens and Werb, 

2002).  

 

1.4.2 Inflammation and cancer 

Six traditional hallmarks of cancer have been defined as opposing 

apoptosis, evading growth suppressors, proliferative signalling, 

angiogenesis, replication and invasion and metastasis (Hanahan and 

Weinberg, 2011). A seventh hallmark, inflammation, has been proposed 

due to its ability to aid and incite multiple existing hallmarks (Figure 1.11) 

(Colotta et al., 2009). The concept of a relationship between inflammation 

and cancer was first proposed by Rodolph Virchow in 1863 (Balkwill and 

Mantovani, 2001), and since then it has been demonstrated in multiple 

cancer types, including lung cancer (Gomes et al., 2014), colorectal 
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cancer (Janakiram and Rao, 2014) and PrCa (Sfanos and De Marzo, 

2012). The tumour microenvironment is a complex mix of inter-connected 

cells (tumour cells, stromal cells, immune cells) which can communicate 

an immune response (Mei et al., 2014). Cells of the tumour 

microenvironment can promote progression and aid the metastatic 

cascade by releasing growth factors and cytokines to stimulate invasion 

and proliferation (Eiró and Vizoso, 2012). Multiple mediators including 

cytokines, chemokines and proteases, work in harmony and may 

contribute to inflammation associated with cancer (Diakos et al., 2014). 

 

 

 

 

 

 

 

Figure 1.11: Inflammation as an emerging hallmark of cancer. 

Image taken from Hanahan and Weinberg, 2011. 

 

1.4.2.1 NFĸB 

Several transcription factors are thought to be involved in the tumour 

driven inflammatory process. One of the most extensively studied 

transcription factors is nuclear factor kappa B (NFĸB). NFĸB is a master 

regulator of inflammation and is comprised of trans-activator subunits Rel 

A and c-rel, and DNA binding subunits (Levine, 2013). NFĸB can be 

activated by inflammatory cytokines, bacteria and viruses and can 

promote the production of angiogenic factors and growth signals which 

aid malignant growth (Karin, 2006). In addition, NFĸB can promote anti-

apoptotic behaviour, promote proliferation and aid tumour progression 

(Karin, 2009).  The signal transducer and activator of transcription 

(STAT) family of proteins is interconnected with NFĸB (Yu et al., 2009).  
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Both NFĸB and STAT3 can operate as nuclear transcription factors which 

aid the regulation of inflammatory genes associated with cancer 

promotion and can regulate the expression of oncogenic genes (Yu et 

al., 2009). Transcription factors are an integral part of the inflammation 

and cancer relationship, both of which can be activated by inflammatory 

cytokines (Liu et al., 2017). 

 

 

 

 

 

 

 

 

 

Figure 1.12: NFĸB and inflammation pathways. Images taken from Liu 

et al. 2017.  

IL – interleukin, BCL-2- B-cell lymphoma 2, IAP- inhibitor of apoptosis, c-FLIP – cellular 

FLICE like inhibitory protein, PAI2 – plasminogen activator inhibitor 2, TNF – tissue 

necrosis factor, MCP – monocyte chemoattractant  protein 1, CXCL-chemokine ligand, 

MIP-2- macrophage inflammatory protein, ICAM-1- intracellular adhesion molecule 1, 

VCAM – vascular cell adhesion molecule, ECAM – epithelial cell adhesion molecule 

 

1.4.2.2 Cytokines  

Cytokines are small secreted proteins which function to regulate immune 

cells. Changes within the cell environment can bolster cytokine 

expression levels promoting both pro and anti-inflammatory responses 

(Dranoff, 2004). There are multiple classifications and members of the 

cytokine family (Table 1.2) who have varying roles within the 

inflammatory mediated tumour promoting environment. Prominent 

members of the cytokine family are interleukins (IL). ILs are small 
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proteins present on multiple different cell types which engage in the 

mediation of the innate immune response. ILs are also implicated in 

maintaining homeostatic equilibrium and can be classified as pro/anti-

inflammatory (Boraschi et al., 2011). Various ILs have been studied for 

their role in cancer progression and prominent IL family member IL-6 has 

garnered much attention. Over-expression of IL-6 has been linked to 

multiple different cancer types, including prostate and lung cancer 

(Chang et al., 2013, Adler et al., 1999). IL-6 has demonstrated inhibitory 

effects on apoptosis in myeloma cancer cells (Jourdan et al., 2003) and 

STAT3 activation of IL-6 plays a potential role in tumourigenesis 

(Grivennikov et al., 2009). Another member of the cytokine family, tissue 

necrosis factor (TNF) is implicated in cancer progression (Balkwill, 2009). 

TNFα plays an essential role in immunity, and deregulation can 

contribute to chronic inflammation and septic shock. Modification in TNFα 

levels is further associated with chronic disorders such as RA and 

Crohn’s disease (Balkwill, 2006). Elevated levels of both TNFα and IL-6 

have been witnessed in patients with PrCa and cachexia (Pfitzenmaier 

et al., 2003). In patients with chronic lymphocytic leukaemia, TNFα serum 

levels were significantly higher when compared to a healthy population 

(Ferrajoli et al., 2002). Cytokine family growth factors like vascular 

endothelial growth factor (VEGF) are also implicated in cancer 

development. VEGF based murine models indicated a role for VEGF in 

organ specific tumour proliferation and the attachment of CTCs (Kaplan 

et al., 2005).  

 

1.4.2.3 Chemokines 

Chemokines are cytokines which respond to chemical stimulus, and 

encourage leukocyte migration. Production of chemokines is promoted 

by inflammatory cytokines and growth factors, and chemokines can 

coordinate targeted gene transcription and immune cell movement. 

Chemokines are characterised into four distinct groups, dependant on 

the location of the first two cysteine residues, C CC, CXC and CX3C 

(Balkwill, 2004). Numerous chemokines have been implicated in all 

stages of tumour development, and can be produced by cells during 
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metastatic spread (Lazennec and Richmond, 2010). The presence of 

CCL5 (also known as Regulated upon Activation Normal T-cell 

Expressed and Secreted (RANTES)), has been detected in multiple solid 

tumour types including breast and prostate cancer (Aldinucci and 

Colombatti, 2014). CCL5 promotes growth and survival of PrCa cell lines 

and is present in human tissue samples (Vaday et al., 2006); in mouse 

models implanted with breast cancer cell lines, CCL5 was upregulated in 

tumour infiltrating T-cells (Owen et al., 2011). 

 

 

Table 1.2: Classification of the different members of the cytokine family 

of small proteins associated with an immune response. Adapted from 

Sahibzada et al. (Sahibzada et al., 2017) 

TNF: tissue necrosis factor, CC, CXC: conserved cysteine residues and cytokines, IL: 

interleukin, TRAIL: TNF-related apoptosis inducing ligand, LIGHT: homologous to 

lymphotoxin, exhibits inducible expression and completes with HSV glycoprotein D 

for binding to Herpesvirus entry mediator, a receptor expressed on T-lymphocytes, 

IFN: interferon.  

 

1.4.2.4 Metalloproteinases 

Matrix metalloproteinases (MMPs) are a family of endopeptidases with 

functions in wound healing, proteolytic degradation and inflammation, as 
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well as being implicated in vascular disorders and carcinogenesis. An 

extensive body of evidence outlines a role for MMPs in invasion, 

migration and proliferation, as well as immune surveillance (Gialeli et al., 

2011). MMP2 and MMP9 are significant MMPs that exhibit proteolytic 

degradation by breaking down collagen and fibrinogen, key components 

of the extracellular matrix (Roomi et al., 2009). Furthermore, MMP9 is a 

poor prognostic indicator, which is strongly correlated with metastatic 

breast cancer (Mehner et al., 2014). 

 

1.4.3 Inflammation and prostate cancer 

Inflammation plays a role in the prostate in the non-cancerous form of 

prostatitis (Krieger et al., 2008). Prostatitis can be categorised into 

acute/chronic bacterial prostatitis, chronic pelvic pain syndrome and 

asymptomatic inflammation, and is thought to be prevalent in 

approximately 8.2% of men (Krieger et al., 2008). In addition to 

prostatitis, a substantial body of evidence exists documenting the 

relationship between inflammation and PrCa development (De Marzo et 

al., 2007). IL-6 expression levels can be used as a prognostic indicator 

of the likelihood of developing BCR in men with PrCa post radical 

prostatectomy (Alcover et al., 2010). Research has also shown 

tumorigenic and malignant provoking properties of IL-6 (Rojas et al., 

2011). In addition to primary PrCa, it is widely accepted that inflammation 

can aid the metastatic cascade by promoting tumour cell progression 

(Wu and Zhou, 2009). The bone microenvironment is also thought to 

harbour many of the inflammatory mediators associated with cancer 

progression and hence may aid cancer metastasis (Roca and McCauley, 

2015). Bone metastases are the most common site of metastatic spread 

in PrCa (88.9%) when compared to visceral metastases (16.7%) and 

lymph metastases (22.2%) (Roberts et al., 2013). VEGF is expressed in 

PrCa and is correlated with increasing grade and metastatic potential. 

When compared to the primary tumour site, VEGF expression levels are 

increased at locations of bone metastases, hypothesising that VEGF may 

have a leading role in the PrCa metastatic cascade (Chen et al., 2004).  

CXCL8 (IL-8) is a significant chemokine involved in inflammation. It has 
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long been understood that CXCL8 is expressed by PrCa cells and 

expression levels are linked with metastatic potential (Greene et al., 

1997). An in vivo PrCa cell line study indicated a role for CXCL8 in 

neovascularisation, angiogenesis and resulting metastatic spread. The 

group also defined a relationship between CXCL8 and MMP9, with 

CXCL8 regulating MMP9 expression (Inoue et al., 2000). This compelling 

peer reviewed research furthers the understanding of the relationship 

between inflammation and PrCa, and paves the way for potential anti-

inflammatory related treatment strategies for patients with PrCa.  

 

1.5 Physical activity 

1.5.1 Health benefits of physical activity 

The effects of physical activity (PA) have long been associated with 

positive health benefits, including quality of life (QoL) in cancer 

survivorship and lower risk of certain cancer types (NIH, 2018b). The 

National Guidelines on Physical Activity for Ireland state that young 

people (2-18 years) should engage in moderate to vigorous exercise for 

at least 60 min per day, while adults (>18 years) are recommended to 

engage in at least 30 min of moderate activity (Figure 1.12) 5 days per 

week (NPAGSG, 2009). The guidelines state that exercise in adults can 

reduce the risk of early death, high blood pressure, coronary heart 

disease and stroke and can improve muscular and cardio-respiratory 

fitness (NPAGSG, 2009). These guidelines are in accordance with the 

WHO’s global recommendations, which also state that a further 150 min 

of moderate intensity exercise per week can provide additional health 

benefits (WHO, 2011). This infers that QoL can be greatly impacted by 

PA. A randomised intervention trial, comprising of aerobic and strength 

based exercise groups, demonstrated an improvement in health related 

QoL post exercise (Awick et al., 2015). Dissatisfaction in adults has also 

been strongly correlated with physical inactivity, suggesting a role for PA 

to improve general wellbeing (Strine et al., 2008). In addition to physical 

health, mental health has also been linked to PA. A recent meta-analysis 

established that exercise leads to a reduction in anxiety levels (Ensari et 

al., 2015), while a randomised trial indicated that multiple forms of 
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exercise (stretching, dance, walking) had a positive impact on reducing 

psychological distress (Awick et al., 2017).  

The biological effects of PA have also been documented. Levels 

of fibrinogen post-PA are reduced, postulating that PA may reduce the 

levels of platelet co-factors and platelet aggregation in the bloodstream 

of adult subjects (Wannamethee et al., 2002). Hence PA may have a role 

to play in the reduction of platelet cloaking of CTCs. A study of healthy 

adults implicated that frequent PA may reduce levels of pro-inflammatory 

mediators and CRP, thus reducing the risk of systemic inflammation 

(Abramson and Vaccarino, 2002). Combined resistance and aerobic 

exercise reduced levels of TNF in obese subjects post 12 weeks of 

intervention, when compared to baseline levels (Ho et al., 2013). 

Expression of resistin and leptin are decreased post high-intensity 

exercise in participants with type-2 diabetes and MetS, with adiponectin 

levels showing an increased expression (Balducci et al., 2010). These 

studies, amongst others, lead to the hypothesis that PA may ameliorate 

underlying inflammatory symptoms in certain disease states.   
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Figure 1.13:  Definitions of moderate and vigorous activity with 

accompanying examples. Adapted from The National Guidelines on 

Physical Activity for Ireland (NPAGSG, 2009). 

 

1.5.2. Physical activity and cancer 

PA and structured exercise have long been proposed as possible 

interventions for patients with cancer, when preparing for, and recovering 

from treatment (Courneya, 2017). Aerobic exercise, resistance training 

and flexibility exercises, focusing on areas with limited range of 

movement, for patients with various cancer types, including breast, 

prostate and lung, may help improve physical function (Noble et al., 

2012). Intense Exercise for Survival among Men with Metastatic 

Castrate-Resistant Prostate Cancer (INTERVAL-GAP4) is a multicentre 

randomised clinical trial that is incorporating aerobic and resistance 

exercise interventions for patients with metastatic PrCa. The primary 

endpoint of this study aims to improve OS in this patient population 

(Newton et al., 2018). Cancer related fatigue is a common side effect 
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associated with most aspects of a cancer diagnosis and can have a 

negative impact on QoL. Tailored PA programmes may present an 

opportunity to improve QoL (Wolvers et al., 2017).  Prolonged adherence 

to structured aerobic exercise intervention programmes can reduce 

levels of cancer related fatigue and this has been demonstrated in 

different cancer types including breast and nasopharyngeal (Tian et al., 

2016). Another debilitating side effect for patients with cancer is poor 

sleep quality. Results from the CARE trial, a randomised trial for women 

with breast cancer undergoing chemotherapy, determined that higher 

levels of aerobic exercise, when compared to a standard level, improved 

sleep quality (Courneya et al., 2014). This data establishes a possible 

role for PA in the management of cancer related symptoms. As 

previously discussed, PA can have a positive impact on mental health. 

Although the rates of depression vary between patients with cancer, it 

can greatly impact QoL (Craft et al., 2012). A meta-analysis by Craft et 

al, indicated that the side effects of depression may be reduced with 

exercise interventions in patients with cancer (Craft et al., 2012).  

It has been extensively documented that patients with cancer, in 

particular those patients presenting with advanced disease, have an 

increased likelihood of systemic inflammation which may lead to an 

increased risk of mortality (Shinko et al., 2017). In patients with 

leukaemia, post-exercise intervention, a decrease in pro-inflammatory 

cytokine IL-6 and an increase in anti-inflammatory cytokine IL-10 was 

witnessed (Battaglini et al., 2009). Hypoxic exercise regimes have 

demonstrated an ability to increase immune function and NK cell number 

in healthy males (Wang and Weng, 2011), thus leading to the possibility 

of replicating this finding in a cancer population.  Further research into 

the inflammatory status in patients with cancer post-exercise may provide 

valuable insight into the mechanisms and pathways by which PA impacts 

biological functions.  

 

1.5.3 Physical activity and prostate cancer 

The Health Professionals Follow Up Study (HPFS) began in 1986 and is 

comprised of 51,529 health professionals who are followed prospectively 
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through a series of questionnaires examining men’s health (HPFS, 

2016). A sub-study examining a cohort of men with PrCa from the HPFS, 

found that moderate PA was attributed to prolonged overall survival in 

men with PrCa, and vigorous activity was associated with PrCa specific 

survival (Kenfield et al., 2011). An 11 week walking intervention for men 

with PrCa resulted in an improvement in cardiovascular health, and 

provided a basis for the feasibility and effectiveness of this type of 

exercise intervention (Pernar et al., 2017). This data suggests PA to be 

an effective, non-invasive method for improving QoL in men with PrCa. 

As outlined previously in section 1.1.4, the mainstay of treatment of PrCa 

is ADT. The side effects of prolonged ADT treatment can include 

increased fat mass, decline in sexual function and psychological distress, 

all of which contribute to decreased QoL for patients with PrCa (Cormie 

et al., 2015).  Improvements in the loss of lean mass, increased muscular 

endurance and improved balance have all been witnessed post exercise 

intervention in patients with PrCa (Galvao et al., 2010).  Additionally, 

exercise intervention in the form of moderate to high intensity aerobic and 

resistance programmes can improve treatment toxicity from ADT (Cormie 

et al., 2015).  

Cancer related fatigue is anticipated to affect approximately 40% 

of men with PrCa undergoing ADT (Storey et al., 2012).  A range of 

different exercise methods including impact loading, resistance training 

and aerobic exercise, have been shown to reduce fatigue levels (Taaffe 

et al., 2017). A recent meta-analysis examining adverse events resulting 

from exercise interventions for men with PrCa, found the frequency of 

such events was insignificant and in line with levels in control populations 

(Bourke et al., 2016). This strengthens the hypothesis of PA as a safe 

intervention strategy for men with PrCa (Cormie et al., 2013). In patients 

with metastatic PrCa, 80% will experience bone metastasis (Small et al., 

2003). A systematic review of PA and exercise interventions for men with 

advanced or metastatic PrCa, outlined the low number of studies 

recruiting for this population and the avoidable exclusion of patients with 

bone metastasis (Sheill et al., 2018 under review, Journal of Palliative 

and Supportive Care). Research has indicated that patients with 
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metastatic PrCa, and more specifically bone metastases, can participate 

effectively and safely in correctly monitored and prescribed exercise 

programmes, which also improve overall physical wellbeing (Cormie et 

al., 2013). An aerobic exercise intervention for this population of patients, 

demonstrated improved physical health post-exercise (Zopf et al., 2016). 

The lack of PA and exercise intervention programmes for men with 

metastatic PrCa highlights the need for continuing larger scale research 

in this area.  

 

1.6 The ExPeCT Trial         

With increasing evidence demonstrating the benefits of physical activity 

in patients with PrCa, the need for a randomised intervention presents 

itself. Smaller scale studies have shown the benefits of aerobic exercise 

in metastatic PrCa patients with improvements in overall physical 

wellbeing (Pernar et al., 2017). The ExPeCT Trial (Exercise, Circulating 

Tumour Cells and Prostate Cancer, CTrial-IE 15-21, ClincalTrials.gov 

identifier NCT02453139) was a multi-centre randomised clinical trial for 

men with metastatic PrCa. ExPeCT received ethical approval from five 

different Irish hospitals (St James’s Hospital, Mater Misericordiae 

Hospital, Adelaide and Meath National Children’s Hospital (AMNCH), 

Beaumont Hospital and St Luke’s Hospital), and one United Kingdom 

site, (Guy’s and St Thomas’). Accrual to ExPeCT commenced in 

November 2014 and closed in all sites in April 2017 (n=67). The primary 

endpoint of ExPeCT was to determine CTCs and platelet cloaking in 

ExPeCT participants, observing any impact of an exercise intervention 

over time.  ExPeCT was comprised of multiple secondary endpoints, 

including quality of life assessment and subjective questionnaire, 

measurement of systemic and localised tumour inflammation and 

coagulability and expression of a lethality associated gene expression 

signature in participant NCBs.  

ExPeCT originally aimed to recruit 200 participants over the 

lifetime of the study. Study power was calculated utilising data from a 

previous study of ovarian cancer cell lines which showed approximately 

2% platelet adhesion (Egan et al., 2011). A previous study of PrCa CTCs 
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(Allard et al., 2004) showed a mean of 75 CTCs with a standard deviation 

of 333. If the SD of platelet adhesion in PrCa CTCs is proportionate to 

ovarian cancer cell lines (6.66%), then it was expected that a difference 

of 2.65% with 100 participants in both exposed and non-exposed groups 

would be detectable, as determined by independent t-testing. A standard 

deviation (SD) varying from 2% to 10% aimed to enable detection of a 

difference in platelet cloaking of between 0.79% and 3.9%. It should be 

noted that the Allard study quoted above used the CellSearch® system, 

which relies upon EpCAM expression and which can count only single 

CTCs and not microemboli or clumps. Greater numbers of CTCs were 

expected using the more sensitive ScreenCell® kits. Based on the 

assumptions outlined, it was projected that it would be possible to detect 

a change of 1.8% platelet cloaking between any two time points in the 

100 participants in each the exercise and the control groups, determined 

by paired t-testing. A SD varying from 2% to 10% would enable a 

detectable difference of platelet cloaking of between 0.56% and 2.8%.  

 

Inclusion criteria for ExPeCT was as follows, written informed 

consent obtained before any study-related procedures, age ≥ 18 years 

and male, histologically confirmed diagnosis of prostate 

adenocarcinoma, M1 metastatic disease as confirmed by CT/MRI or by 

bone scan, excluding patients who only have nodal metastatic disease, 

stable medical condition, including the absence of acute exacerbations 

of chronic illnesses, serious infections, or major surgery within 28 days 

prior to randomisation and to be capable of participating safely in the 

proposed exercise as assessed and signed off by a treating physician 

involved in ExPeCT recruitment. The exclusion criteria for ExPeCT 

required no history of a radical prostatectomy or no previous diagnosis of 

any other malignant tumour (patients with non-melanoma skin cancer or 

carcinoma in situ of any type are not excluded provided they have 

undergone complete resection).  

   

Consented ExPeCT participants were randomised into a control 

arm or an exercise arm and were monitored over a six month time frame. 

Participants randomised to exercise attended supervised aerobic 
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exercise classes once weekly for the first three months, whereby overall 

intensity was measured using an increase in heart-rate. Exercise 

participants then participated in a further 3 months of home based 

aerobic exercise, monitored using polar heart-rate monitors. Participants 

randomised into the control arm, continued their standard care and were 

encouraged to continue their regular exercise habits. At the end of their 

involvement in the trial, control arm participants were offered advice on 

safe exercise participation.  The study was run in conjunction with the 

Department of Physiotherapy (Trinity College Dublin) and exercise 

classes were supervised by a chartered physiotherapist (Grainne Sheill). 

At three different time points, baseline (T0), three months (T3) and six 

months (T6), whole blood, serum and plasma were taken from the 

participants and analysed for a series of systemic inflammatory markers, 

CTC number and platelet cloaking in accordance with the primary and 

secondary endpoints. Clinical history and a subjective lifestyle 

questionnaire were also completed at each time point.  
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1.7 Aims and Objectives 

1.7.1 General Aims 

The overall aim of this thesis is to molecularly characterise disease 

progression in PrCa and to determine the relationship between exercise, 

obesity, inflammation and metastatic PrCa.  

1.7.2 Specific Objectives 

The specific objectives of this thesis are: 

(i) To molecularly characterise differences in patients who have 

reached BCR to those who have not 

(ii) To compare CTCs and platelet cloaking in patients with 

metastatic PrCa, examining the effects of a structured exercise 

intervention  

(iii) To compile an inflammatory and obesity related expression 

profile in patients with metastatic PrCa and to assess the 

impact of a structured exercise intervention 

(iv) To assess the role of an obesity associated lethality gene 

signature in diagnostic biopsies and a panel of enzalutamide 

resistant PrCa cell lines 

These objectives will broaden the understanding of the interplay between 

these biological states and metastatic PrCa.  
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2.0 Materials and Methods 

2.1 Preparation and handling of materials  

Reagents and chemicals used in the laboratory were of analytical grade 

and were handled and stored in accordance with the manufacturers’ 

instructions. Industrial methylated spirits (IMS), ethanol (EtOH) and 

xylene were all purchased from the Hazardous Materials Facility, Trinity 

College Dublin. The Hazardous Materials Facility, Trinity College Dublin, 

disposed of all hazardous waste according to local protocols.  

 

2.2 Project ethics and patient populations 

FFPE tissue for the SPOP study was provided by the Irish Prostate 

Cancer Research Consortium (PCRC). Ethical consent was obtained 

from the relevant ethical committee. The PCRC is prostate cancer 

biobank funded by the Irish Cancer Society, consisting of FFPE material 

obtained from patients with localised PrCa. Additional archived FFPE 

tissue from localised prostate cancer cases for the SPOP study, were 

obtained from Orebro University Hospital. Ethical consent was obtained 

from the relevant ethical committee. Samples were selected based on 

those patients with BCR (post-prostatectomy PSA level ≥ 0.4 ng/mL, 

followed by a second PSA level >0.4ng/mL), patients who did not 

progress after surgery and patients with immediate progression after 

surgery (never reached an undetectable PSA). ExPeCT (Appendix I-VI) 

opened initially in St James’s Hospital in November 2014 and ethical 

approval was sought from four additional Irish hospital ethics boards, 

including St James’s Hospital and AMNCH, Beaumont Hospital, Mater 

Misericordiae and St Luke’s Radiation Oncology network. Ethical 

approval was also granted in one United UK site, Guy’s and St Thomas’ 

Hospital, London. Protocol amendments, patient information leaflets and 

consent forms were submitted to each board and ethical approval was 

received for all sites. Cancer Trials Ireland provided assistance and 

support for ExPeCT and led initiation in AMNCH, Beaumont, St Luke’s 

and Mater Misericordiae. All participants were assigned a unique patient 

identification number and de-identified patient data sheets and biological 

sample logs were generated for the translational aspect of the trial. 
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Recruitment to the ExPeCT trial ended on March 31st 2017.  All samples 

consented at Irish sites (whole blood, serum and plasma) were 

processed in St James’s Hospital. Filtration of CTCs, from participants 

consented in Guy’s and St Thomas’ hospital, was performed on site. 

Serum and plasma samples were shipped to St James’s Hospital in 

Dublin on dry ice for analysis.  All ScreenCell® filters were reviewed by 

an independent pathologist in Cork University Hospital.  

 

2.3 Cell culture 

Cell culture was performed aseptically in accordance with good 

laboratory practice in an Optimale 18 laminar flow hood (ADS Laminaire, 

France). The hood was exposed to UV light for approximately 30 min pre 

and post use. The air was allowed to circulate for 10-20 min before use. 

The laminar flow was sanitised with 70% (v/v) IMS in dH2O.  

 

2.3.1 Cell culture reagents 

RPMI-1640, Minimum Essential Medium Eagle (MEM) and Dulbecco’s 

Modified Eagle’s Medium (DMEM) were obtained from Sigma Aldrich 

(MO, USA). F-12K Nut Mix media was obtained from Life Technologies 

(CA, USA).  Keratinocyte serum free media (SFM) and associated 

supplements (2.5 μg Epidermal Growth Factor (EGF), 25 mg bovine 

pituitary extract) were acquired from Invitrogen (GIBCO) (BioSciences, 

Dublin, Ireland). All supplemental cell culture reagents, including fetal 

bovine serum (FBS), penicillin-streptomycin (10,000 units penicillin and 

10 mg/mL streptomycin) and L-glutamine (200 mM) were attained from 

Sigma Aldrich. All cell culture reagents were pre-warmed in a 37oC oven 

for approximately 30 min prior to use. 

 

2.3.2 Prostate cancer cell lines  

All cell lines were acquired from American Type Culture Collection 

(ATCC) (VA, USA) (Table 2.1). 22Rv1 and LNCaP cells were maintained 

in RPMI-1640 media supplemented with 10% FBS and 2% penicillin-
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streptomycin. DU145 cells were maintained in MEM media 

supplemented with 10% FBS, 2% penicillin-streptomycin and 1% L-

glutamine. PC-3 cells were maintained in F-12K Nut Mix media 

supplemented with 10% FBS and 2% penicillin-streptomycin. VCaP cells 

were maintained in DMEM media with 10% FBS and 2% penicillin-

streptomycin. 

 

Table 2.1: Prostate cancer cell lines  

Cell Line Metastatic Site 

PC-3 Bone 

DU145 Brain 

22Rv1 NA 

LNCaP Lymph node 

VCaP Vertebral metastasis 

NA – not available 

 

2.3.3 Normal cell lines  

Normal cell lines were acquired from ATCC (Table 2.2). BPH-1 cells were 

cultured in RPMI-1640 media supplemented with 10% FBS and 2% 

penicillin-streptomycin. RWPE-1 and PWR-1E (immortalised with SV40 

adenovirus) cells were maintained in complete keratinocyte-SFM. 

 

Table 2.2: Normal prostate cell lines 

 

Cell Line Type 

BPH-1 Benign prostatic hyperplasia 

RWPE-1 Epithelial 

PWR-1E Epithelial 
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2.3.4 SGBS cell line 

Simpson Golabi Behmel Syndrome (SGBS) cells were originally isolated 

by Professor Martin Wabitsch (Wabitsch et al., 2001). SGBS cells are a 

human pre-adipocyte cell line maintained in pre-adipocyte medium 

supplemented with 0.05 mL/mL, FBS, 0.004 mL/mL, endothelial cell 

growth supplement, 10 ng/mL EGF (recombinant human), 1 μg/mL 

hydrocortisone and 90 μg/mL heparin (PromoCell, Germany). 

Differentiation of the pre-adipocyte cells occurs over a 14 day period 

using a pre-adipocyte differentiation medium supplemented with 8 μg/mL 

d-Biotin, 0.5 μg/mL insulin (recombinant human), 400 ng/mL 

dexamethasone, 44 μg/mL 3-isobutyl-1-methylxanthine (IBMX), 9 ng/mL 

L-Thyroxine and 3 μg/mL ciglitazone (PromoCell). 

 

2.3.5 Propagation of cells from storage 

The appropriate media was pre-warmed at 37oC for 30 min prior to use. 

A cryovial of cells was removed from -80oC storage and thawed rapidly. 

The cells were added to 9 mL pre-warmed media in a 15 mL tube. Cells 

were centrifuged at 300 χ g for 5 min and the supernatant decanted. The 

resulting pellet was re-suspended in 1 mL fresh media and added to a 

T25 cm3 flask containing a further 5 mL fresh media. Cells were 

incubated at 37oC in a humidified atmosphere with 5% CO2 and 

monitored daily. Upon reaching approximately 80% confluence, cells 

were transferred to a T75 cm3 flask (Methods 2.3.6) in a total volume of 

12 mL media.  

 

2.3.6 Cell subculture 

Cells were monitored daily and subcultured upon reaching 80% 

confluence. The media was decanted and the adhered cells washed with 

3 mL 1X phosphate buffered saline (PBS) (Fisher Scientific, Ireland) to 

remove any residual FBS. Three mL trypsin (Sigma Aldrich) was added 

and the cells were incubated at 37oC until cells became dislodged from 

the surface of the flask. Pre-warmed complete media was added to 

deactivate the trypsin and the cells were centrifuged at 300 χ g for 5 min. 
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The supernatant was discarded and the cell pellet was re-suspended in 

12 mL fresh pre-warmed media. Cells were seeded at various densities 

in T75 cm3 flasks or other appropriate tissue culture treated plastics and 

incubated at 37oC in a humidified atmosphere with 5% CO2. 

 

2.3.7 Cell counting 

Cells were prepared as per section 2.3.6 with the cell pellet re-suspended 

in 1 mL fresh media. Twenty μL cell suspension was added to 180 μL 

trypan blue (Invitrogen, CA, USA) in a microfuge tube. Trypan blue is 

routinely used to determine cell viability and to detect dead cells. A 

haemocytometer was cleaned using 70% EtOH and a glass coverslip 

placed over the chamber using light pressure. The chamber was allowed 

to fill by capillary action. Viable cells were counted within the four large 

corner squares and an average cell number obtained. The number of 

cells per mL was calculated using the following equation: 

Average no. of cells counted x 10 (dilution factor) x 104(correction factor 

converts 0.1mm3 to 1 mL) = no. of cells/mL 

 

2.3.8 Preparation of cell stocks for storage 

Cells were trypsinised as per Methods 2.3.6. Nine mL fresh media was 

added to deactivate the trypsin and the cells were centrifuged at 300 χ g 

for 5 min. Supernatant was removed and the pellet was re-suspended in 

1 mL fresh media. Cells were counted according to Methods 2.2.7. Cells 

were re-pelleted and re-suspended at 1 x 106 cells per 1 mL Cell Banker 

(AMSBIO, UK). One mL aliquots were frozen and stored at -80oC for 

short term storage and in liquid Nitrogen for long term storage.  

 

2.3.9 Mycoplasma testing 

At 70-80% cell confluence, media was removed from T75 cm3 flasks for 

mycoplasma testing. Prior to use, the cell supernatant was centrifuged at 

300 χ g to remove cellular debris. A polymerase chain reaction (PCR) 

was adapted from Young et al, 2010 using primers known to encompass 
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common mycoplasma species (FWD 5’ 

GGGAGCAAACAGGATTAGATACCCT 3’; REV 5’ 

TGCACCATCTGTCACTCTGT TAACCTC 3’) (Young et al., 2010). The 

reaction was as follows: 12.5 µL Green 2x GoTaq (Promega, WI, USA), 

0.5 µL forward primer (10 µM) (Sigma-Aldrich), 0.5 µL reverse primer (10 

µM) (Sigma-Aldrich) and 10.5 µL DNase free water (Fisher Scientific). 

Total reaction volume was 25 μL, which included 1 μL cell supernatant. 

The PCR cycling conditions are outlined in Table 2.3.  

 

 

Table 2.3: PCR conditions for mycoplasma testing 

  

 

 

 

 

 

 

 

 

 

The resulting PCR products were electrophoresed on a 2.5% agarose 

gel as per section 2.3.10. A known mycoplasma positive control was 

included and the expected band size was 270 bp. A negative control, 

consisting of nuclease free water replacing cell supernatant, was also 

included (Appendix VII).  

 

2.3.10 Agarose gels 

A 2.5% agarose gel (Sigma Aldrich) was prepared in 100 mL 1X Tris-

acetate EDTA (TAE) buffer (10X TAE stock (Sigma Aldrich), 900 mL 

deionised water), heated in a microwave and allowed to cool briefly. Five 

μL SYBR Safe DNA gel stain (Invitrogen) was added and the mixture was 

poured onto a gel rig with combs inserted and allowed to solidify. Once 

set, the combs were removed and the gel was covered in 1X TAE running 

buffer. Six μL 25- 650bp ladder (Fisher Scientific) was added to the first 

Temperature 

 

Time 

95oC 5 min 

94oC 30 sec 

55oC 30 sec 

72oC 1 min 

72oC 10 min 

40 Cycles 
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well and 15 μL sample was added to subsequent wells. If required, 

samples were mixed with 5 μL 6X loading dye (Fisher Scientific) before 

loading on to the gel. Gels were electrophoresed at 120V for 60 min. 

Visualisation of the gels was performed using a BIO-RAD (CA, USA) gel 

imaging system and analysis was carried out using the Quantity One 

(BIO-RAD) analysis software.  

 

2.4 Formalin fixed paraffin embedded (FFPE) samples 

2.4.1 Preparation of a FFPE cell block 

Cells were trypsinised and pelleted as per Methods 2.3.6. Excess liquid 

was removed from the pellet using a sterile pipette. Three droplets bovine 

thrombin (Hemosil, NY, USA) and 6 droplets human plasma (Hemosil) 

were added to the pellet to allow for clot formation. The tube was mixed 

briefly and allowed to stand for 3 min at room temperature (RT). The cell 

pellet was then processed and embedded in the Histopathology 

Department in St James’s Hospital following standard laboratory 

protocols. Resultant FFPE cell blocks were stored at RT. 

 

2.4.2 FFPE sectioning 

Thin sections from FFPE tissue and cell blocks were cut using a micron 

HM325 microtome (Medical Supply Company). Sections were cut 

between 3 – 5 μm in thickness, depending on the downstream 

application. After sectioning, tissue sections were placed in a water bath 

at 48oC and adhered to glass slides (charged or uncharged, dependant 

on application). Sections were baked at 40oC for 30 min followed by 

baking over night at 62oC and stored at RT. For long term storage, 

sections were placed at -20oC. 

 

2.4.3 Haematoxylin and Eosin staining 

For morphological analysis, FFPE sections were stained according to 

Haematoxylin and Eosin (H&E) staining protocols. H&E staining allows 

for morphological distinction of cell structures. H&E staining was carried 
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out in conjunction with the Department of Histopathology, St James’s 

Hospital, Dublin, Ireland, utilizing automated machinery according to 

standardised protocols. Briefly, sections were deparaffinised in xylene 

baths and rehydrated with a series of EtOH washes. Sections were 

dipped in H&E stains for 30 sec – 2 min and washed with deionised H2O. 

Sections were re-dehydrated in EtOH and xylene, mounted and allowed 

to dry. The resulting staining was viewed microscopically (Figure 2.1).  

 

 

 

 

 

 

 

 

 

Figure 2.1: Example of H&E staining in prostate tissue. 

 

2.4.4 Macrodissection of FFPE tissue sections 

FFPE sections for macrodissection underwent H&E staining as per 

Method 2.4.3 Macrodissection avoids contamination of samples with 

cells surrounding area of interest. Sections were viewed by a pathologist 

and relevant tissue marked e.g. tumour area. A scalpel blade was used 

to scrape the marked tissue from the slide into a 1.5 mL Eppendorf 

(Fisher Scientific). Samples were stored at 4oC until use.  

 

2.4.5 DNA extraction from FFPE tissue 

Tumour DNA was extracted from FFPE 5 μm tissue sections using a 

macrodissection scraping technique as per Method 2.4.4. DNA was 
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isolated using the Ambion Recoverall Total Nucleic Isolation Kit for FFPE 

sections (Invitrogen). To summarise, macrodissected tissue was 

deparaffinised in a xylene wash, rehydrated in EtOH and dried at RT. The 

resulting pellet underwent protease digestion using a digestion buffer and 

protease mix and was incubated overnight for 16 hr at 50oC. Nucleic acid 

isolation was performed using a mix of isolation additive buffer and EtOH. 

Each mixture was added to a filtration column and centrifuged to bind 

DNA. Each column was then subjected to a series of EtOH based 

washes. RNase A was added to the column for nuclease digestion and 

incubated at RT for 30 min. The column was washed twice further to 

purify the DNA. Resulting DNA was eluted in elution buffer and stored -

20oC until use. 

 

2.5 Nucleic acid quantification 

2.5.1 Qubit 

For RNA and DNA quantification using the Qubit, the RNA HS Assay and 

dsDNA HS Assay (BioSciences) were used. The Quant-iT working 

solution was prepared based on the number of samples, including two 

standards (Quant-iT reagent 1 x n µL, Quant-iT buffer 199 x n µL). Ten 

µL standard was added to 190 µL working solution and 2 µL sample to 

198 µL working solution. Samples were allowed to stand at RT for 2 min 

and were then read on the Qubit fluorometer. Samples were logged in 

ng/μL. 

2.5.2 Nanodrop spectrophotometer 

Isolated RNA and DNA were also quantified using the nanodrop 2000 

spectrophotometer (Thermo Scientific, MA, USA). The instrument was 

blanked using 1 µL elution buffer, cleaned and 1 μL of each sample was 

added in turn (cleaning between each sample). The quality of the nucleic 

acid was analysed based on the 260/230 and 260/280 ratios. These 

ratios are used as measures of nucleic acid purity. Each sample was 

repeated in triplicate and an average value in ng/μL calculated.  
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2.6 SPOP 

2.6.1 Primer design for SPOP mutations 

Primers encompassing eight known mutations in the SPOP gene, Y87C, 

Y87N, F102C, S119N, F125V, W131G, F133L and F133V, were 

designed (Table 2.4). Primers were purchased from Sigma Aldrich and 

were re-constituted as 100 μM stock solution. Working stocks were 

diluted 1:10 with dH2O, aliquoted and stored at -20oC until use.  

 

Table 2.4: Primer pairs covering eight known SPOP mutations 

 

Primer 

Name 

 

Sequence 

 

Mutations 

Covered 

Forward 

primer 1 

5’-

GATCTGGTTTTTGCGTAACCTTAAA-

3’ 

S119N, 

F125V, 

W131G, 

F133L, 

F133V 

Reverse 

primer 1 

5’- CCGTTGGCCTCATCCAAAAG-3’ S119N, 

F125V, 

W131G, 

F133L, 

F133V 

Forward 

primer 2 

5’- GTGTTTGCGAGTAAACCCCA-3’ Y87C, 

Y87N, 

F102C 

Reverse 

primer 2 

5’- CCCTTGGCATTCAGGATGGA-3’ Y87C, 

Y87N, 

F102C 
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2.6.2 G-Block synthesis of SPOP mutations 

G-blocks (250 ng sequence verified genomic DNA) were replicated for 

the SPOP WT sequence and the F125V mutation (Integrated DNA 

Technologies, IA, USA). G-blocks were required to verify sequencing 

sensitivity. G-blocks were reconstituted to 10 ng/μL in Tris-EDTA (TE) 

buffer (Fisher Scientific) and incubated for 20 min at 50oC. G-blocks were 

stored long term at -20oC.  

 

2.6.3 SPOP PCR 

A 30 μL PCR reaction was prepared utilising one of two reaction mixes; 

27 μL Platinum PCR supermix high fidelity mastermix (Invitrogen), 1 μL 

forward primer, 1 μL reverse primer and 1 μL sample (10 ng/μL); or 15 

μL 2X GoTaq, 0.5 μL forward primer, 0.5 μL reverse primer, 13 μL 

nuclease free H2O and 1 μL sample (10 ng/μL). SPOP DNA was 

subjected to the PCR conditions outlined in Table 2.5 on an Applied 

Biosystems thermocycler. The resulting PCR product was stored long 

term at -20oC. 

 

Table 2.5: PCR conditions for SPOP amplicons. 

 

  

 

 

 

 

 

 

2.6.4 PCR-clean up 

Resulting PCR products were subjected to a post-PCR clean up using 

the ReSource PCR Purification Kit (Source Bioscience, UK) according to 

manufacturers’ instructions. Briefly, 5 volumes of buffer was added to the 

Temperature Time 

94oC 2 min 

94oC 30 sec 

55oC 30 sec 

 68oC 30 sec 

68oC 7 min 

35 Cycles 
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PCR samples and the subsequent mixture added to spin columns, which 

bound the DNA. Flow through was discarded and EtOH based washing 

steps were used to purify the DNA.  Purified DNA was eluted in 50 μL 

elution buffer and the DNA quality and size assessed on a 2.5% agarose 

gel as per Methods 2.3.10. DNA concentration was quantified using the 

nanodrop 2000 spectrophotometer (Methods 2.7.2.). 

 

2.6.5 Sanger sequencing 

Samples were prepared according to Eurofins purified PCR product 

specifications. Samples were prepared in 96 well plates; 150-300 bp, 1 

ng/µL in a total volume of 15 µL. Primers were used at a concentration of 

10 pmol/µL, with 5 µL per sample required. Base calling of 

chromatograms was performed manually due to the small product size.  

 

2.6.6 TMA construction 

Five μm sections, from two TMAs constructed by the Prostate Cancer 

Research Consortium, were donated by Prof William Watson and Dr 

Amanda O’Neill. The TMAs contained the Irish SPOP cohort of n=72 

patient samples. TMAs containing the Swedish SPOP cohort, n=60, were 

constructed using an automated tissue microarrayer. Three 

representative tumour cores were extracted per FFPE block using 0.6 

mm punches. Upon completion, each TMA was baked at 65oC for 5 min 

and cooled on ice. Five μm sections were cut according to Methods 2.4.2 

for IHC analysis. Additional 5 μm TMA sections (Dr. Maria Svensson, 

University Hospital Orebro) were used for cohorts of the Swedish 

patients. Use of all samples was in accordance with each institution’s 

approved ethical consent. 
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2.7 Standard immunohistochemistry protocol for FFPE tissue 

sections 

Tissue sections of approximately 4 µm in thickness were adhered to 

glass slides from FFPE blocks. The slides were then de-paraffinised and 

hydrated using the following series of xylene and EtOH washing steps:  

Xylene bath x 3 (8 min per bath), 100% EtOH bath x 2 (1.5 min per bath), 

95% EtOH bath x 2 (1 min per bath), 70% EtOH bath x 2 (1 min per bath), 

dH2O bath x 3 (1 min per bath)  

Subsequently, 200 µL peroxidase-blocking solution (Sigma Aldrich) was 

added to the sections and incubated in a humid chamber for 20 min. 

Excess peroxidase-blocking solution was then removed in de-ionised 

H2O baths (3 X 1 min per bath). Tissue sections were transferred to 

antigen retrieval solution (Dako, Denmark) (pre-heated to 95-99oC) and 

incubated for 25 min. Sections were then incubated at RT for a further 25 

min. Excess antigen retrieval solution was removed using 1X Tris-

buffered Saline (TBS) baths (3 x 1 min per bath). Two hundred µL 

blocking solution (250 mg bovine serum albumin (BSA) (Sigma Aldrich) 

and 25 mL 1 X TBS) was added to the sections and incubated for 30 min 

in the humid chamber. Excess blocking solution was removed using TBS 

baths (3 x 1 min per bath). Two hundred µL primary antibody (Table 2.6) 

diluted in blocking solution was added to tissue and allowed to incubate 

overnight at 4oC in the humid chamber. Tissue sections were washed in 

TBST with 0.1% tween (TBST) (500 mL TBS, 500 µL Tween (Sigma 

Aldrich) baths (3 X 1 min per bath) to remove excess antibody. Two 

hundred µL secondary antibody (Table 2.7) was then added and allowed 

to incubate for 40 min in the humid chamber. Excess antibody was 

removed using TBST baths (3 X 1 min per bath). Two hundred µL 

Chromo-Dab (Dako) (20 µL DAB-Chromogen in 1 mL DAB-substrate 

buffer) was added to the sections. The DAB-Chromogen was allowed to 

incubate for 1-30 min depending on the intensity of the staining. Excess 

DAB-Chromogen was removed using dH2O baths (3 x 1 min per bath). 

Tissue sections were counterstained with Haematoxylin for 30 sec – 2 

min and washed with dH2O to remove any excess stain. Sections were 
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re-dehydrated using the reverse of the deparaffinisation/hydration steps, 

mounted and allowed to dry.  

 

Table 2.6: List of primary antibodies for IHC 

 

Primary Antibody 

 

 

Species 

 

Clone 

 

Monoclonal mouse anti-human 

Cytokeratin 

 

Mouse 

 

MNF116 (Dako) 

 

Monoclonal mouse anti-human 

Epithelial Antigen 

 

Mouse 

 

Ber-EP4 (Dako) 

 

Monoclonal mouse anti-human 

PSMA 

 

Mouse 

 

3E6 (Dako) 

 

Monoclonal rabbit anti-human 

ERG 

 

Rabbit 

 

EPR3864 

(abcam) 

 

Monoclonal mouse anti-human 

CD42a 

 

Mouse 

 

ALMA.16 (BD 

Pharmingen) 

 

Monoclonal mouse anti-human 

CD45 

 

Mouse 

 

PD7/26/16 

(abcam) 

 

Monoclonal Rabbit anti-human 

Androgen Receptor 

 

Rabbit 

 

SP107 (Thermo 

Scientific) 
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Table 2.7: List of secondary antibodies for IHC 

 

Secondary Antibodies 

 

 

Species 

 

Polyclonal Goat Anti-Rabbit 

Immunoglobulins/HRP 

 

 

Goat 

 

Polyclonal Goat Anti-Mouse 

Immunoglobulins/HRP 

 

 

Goat 

HRP – Horseradish Peroxidase 

 

 

2.8 Blood draw  

Grenier bio-one blood tubes (K2EDTA, 9NC coagulation sodium citrate 

3.2% and Z serum sep clot activator) and 23G ¾” needles were obtained 

from Cruinn (Dublin, Ireland).  

 

2.8.1 Blood draw from healthy donors 

Healthy blood donors were classed as individuals not suffering from PrCa 

or any known malignant disease. Blood was drawn from these volunteers 

into K2EDTA tubes using 23G ¾” needles according to standard 

phlebotomy practices. 

 

2.8.2 Blood draw from ExPeCT trial participants 

Blood was drawn by members of the ExPeCT research team or clinical 

trials nurses in the respective hospital sites according to Table 2.8 

K2EDTA tubes were inverted approximately 10 times to avoid 

coagulation prior to use on the ScreenCell® filtration device. Blood drawn 

for serum analysis was allowed to stand for 30-60 min at RT. Clotting 
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was visible after the first 30 min. The tube was centrifuged at 1000 χ g 

for 10 min. The supernatant was pipetted into labelled cryovials in 400 

µL aliquots. For plasma analysis, blood was centrifuged at 1000 χ g for 

10 min. The supernatant was pipetted into 500 µL aliquots. All cryovials 

were immediately placed at -80oC. All details from the participants’ blood 

draws were recorded in the ExPeCT trial biological sample logs 

(Appendix IV).  

. 

Table 2.8: Blood isolation from ExPeCT trial participants. 

 

Type of tube 

 

 

No. of Tubes 

 

Component required 

 

K2EDTA 

 

 

4 x 3 mL 

 

Whole blood 

 

9NC coagulation 

citrate 3.2% 

 

 

1 x 3.5 mL 

 

Plasma 

 

Z serum sep clot 

activator 

 

 

1 x 5 mL 

 

Serum 

 

 

 

2.8.3 Cell line spiking into healthy whole blood 

Whole blood was collected from healthy donors in K2EDTA tubes prior 

to cell spiking. Cell lines were subcultured according to Methods 2.3.6. 

Once pelleted, the cells were re-suspended in 1 mL of pre-warmed media 

and counted as per Method 2.3.7. The cell suspension was then diluted 

to obtain the required number of cells according to the downstream 

application. The required volume was added to 3 mL whole blood and 



 

59 
 

blood was immediately fixed and filtered according to the ScreenCell® 

filtration guidelines (Method 2.9).  

 

2.8.4 Platelet cloaking of prostate cancer cell lines  

Surplus human platelets were donated by the Irish Blood Transfusion 

Service according to an authorised clinical indemnity form. Platelets 

collected were viable at RT for approximately 5 hr. PrCa cell lines were 

subcultured (Methods 2.3.6) and prepared in the same manner as 

Methods 2.13.3. The cell suspension was diluted to a required volume of 

1x106 cells in 1 mL media. One mL platelets was added to the 1x106 

cells/mL suspension, immediately added to healthy donor blood and 

allowed to incubate at RT for various periods of time (5–45 min). Ten -

500 µL of the platelet/cell mixture was added to whole blood and the 

blood was immediately fixed and filtered according to the ScreenCell® 

filtration guidelines (Methods 2.14).  

 

2.9 ScreenCell® CTC isolation 

Three mL whole blood was drawn into K2EDTA tubes and processed 

according to ScreenCell® filtration guidelines (ScreenCell, Sarcelles, 

France). Briefly, 3 mL whole blood was added to a 15 mL conical tube. 

Four mL ScreenCell® fixation buffer was added and the tube was 

inverted approx. 10 times and allowed to stand for 8 min. The whole 

blood/buffer mix was added to module A (Figure 2.2) and a vacuum tube 

placed into module B (Figure 2.2). The blood filtered through the module 

into waste and 1.6 mL PBS was added once the blood passed the yellow 

line on module B. Once all the liquid had passed through, the 

ScreenCell® filter was removed, allowed to dry at RT overnight and 

morphologically stained using May Grunwald Giemsa staining (MGG) 

(Methods 2.11.1). Potential CTCs were recorded by a pathologist. 

ScreenCell® filters were stored long term at -20OC.  
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Figure 2.2: ScreenCell® Cyto filtration device, filtration unit and 

ScreenCell® filter (ScreenCell® insert). 

 

 

2.10 Isoflux CTC isolation  

PrCa cell lines were spiked into healthy donor blood according to 

Methods 2.8.3. CTC enrichment was carried out according to the 

ISOFLUX circulating tumour cell enrichment manual (Fluxion, CA, USA). 

In short, samples were decanted into a Leucosep tube containing Ficoll-

paque. The Leucosep tubes were centrifuged at 800 χ g for 15 min. The 

resulting supernatant was added to a 50 mL conical tube and centrifuged 

at 280 χ g for 10 min. The peripheral blood mononuclear cell (PBMC) 

layer was kept on ice and suspended in blocking reagent. Cell 

suspension was transferred to a pre-prepared tube coated with binding 

buffer. Utilising magnets, CTC beads were added to the cell suspension 

and the cells were washed and supernatant removed. The cell/bead 
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mixture was prepared for the Iso-Flux cartridge and loaded onto the 

instrument to enrich for potential CTCs. The cell/bead mix was washed 

and Cell tracker green was added to the mixture. Using magnets, 

potential CTCs were viewed under FITC filter on an immuno-

fluorescence microscope.   

 

2.11 Morphological staining of ScreenCell® filters 

2.11.1 May Grunwald Giemsa staining 

ScreenCell® filter morphology was assessed using MGG staining. All 

stains were filtered prior to use. The filters were placed into a bath 

containing May-Grunwald (Sigma Aldrich) and incubated for 2 min 30 sec 

at RT with constant agitation. The filters were then placed into a second 

bath containing 1:1 dilution May-Grunwald: dH2O (pH 7) for a further 2 

min 30 sec. The filters were moved to a third bath containing 1:10 dilution 

of Giemsa (Cruinn): dH2O (pH 7) for 10 min. Excess stain was removed 

by washing in dH2O (pH 7) for 1 min and filters were allowed to air dry at 

RT for 20 min. For IHC protocols, MGG stain was removed by washing 

in a 1X TBS bath for 20 min at RT.  

 

2.11.2 Papanicolaou staining 

Papanicolaou staining was performed using an optimised protocol 

developed between St James’s Hospital and Basel University Hospital 

(Table 2.9). Filters were allowed to air dry and examined using a 

microscope.  
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Table 2.9: Papanicolaou Staining Protocol 

 

 

 

 

 

 

 

 

Step Reagent Time Step Reagent Time 

1 95% 

Alcohol 

1 min 13 95% Alcohol 15 sec 

2 70% 

Alcohol 

1 min 14 95% Alcohol 15 sec 

3 50% 

Alcohol 

1 min 15 EA50 5 min 

4 Distilled 

H2O 

1 min 16 95% Alcohol 1 min 

 

5 

Harris 

Haematoxy

lin 

 

4 min 

 

17 

95% Alcohol  

1 min 

6 H2O 1 min 18 100% Alcohol 30 sec 

7 Acid H2O 10 sec 19 100% Alcohol 30 sec 

8 H2O  

4 min 

20 100% Alcohol 30 sec 

9 H2O 4 min 21 Xylene 1 min 

10 50% 

Alcohol 

30 sec 22 Xylene 3 min 

11 95% 

Alcohol 

30 sec 23 Xylene 1 min 

12 OG6 1.40 min    
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2.12 Standard IHC protocol for ScreenCell® filters 

All antibodies used on the ScreenCell® filters were tested on standard 

FFPE tissue sections prior to use. ScreenCell® filters were stained using 

MGG and evaluated prior to undergoing IHC. MGG stain was removed 

using 1 x 20 min TBST bath and the filters were rehydrated using 1 x 10 

min TBS bath. IHC was performed on the filters according to Methods 

2.7 with minor modifications (70 µL reagent was applied to the filters 

instead of 200 µL). Excess reagent was removed using 1 x 1 min baths. 

Primary and secondary antibodies were used in accordance with Table 

2.6. Filters were washed in dH2O and counter stained with 70 µL 

Haematoxylin for 30 sec. Filters were washed in dH2O to remove excess 

stain and allowed to dry at RT. The resulting IHC was viewed 

microscopically.  

 

2.13 Cytokine and adipokine assays using Meso-Scale® 

Discovery platform 

Serum and plasma samples were prepared according to Methods 2.13.2.  

Aliquots were allowed to thaw and come to RT, and prepared according 

to Meso-Scale Discovery® (Meso-Scale Diagnostics LLC, USA) (Figure 

2.3) assay requirements. Briefly, serum/plasma was diluted based on the 

recommended dilution factor for each assay.  The 96 well plates were 

washed three times with PBS-tween (PBST). Up to 50 µL sample, 

calibrator and buffer was added to appropriate wells on each plate and 

incubated at RT with constant agitation for 2 hr. Unbound sample was 

removed and the plate washed 3 x PBST. Twenty five µL detection 

antibody was added to the plate and incubated at RT with constant 

agitation for 2 hr. One hundred fifty µL read buffer was added to each 

plate and analysed on the MSD instrument. Three individual adipokine 

assays (leptin, adiponectin and resistin), four single-plex assays (MCP-

1, MMP9, MMP2, RANTES) and two multi-plex cytokine assays (VEGF, 

IL-17a, IL-1β, IL-4, IL-6, IL-8, IL-10, IL-13 and TNF-α) were carried out 

on all ExPeCT participant serum samples. One single-plex assay (C-

peptide) was carried out on all ExPeCT participant plasma samples.  
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Sample concentration was estimated against a range of standards and 

calculated based on a standard curve (Appendix VII). 

 

 

Figure 2.3: Outline of Meso-Scale® Discovery Platform Technology 

(Assay insert). 

 

2.14 Laser capture microdissection 

Laser capture microdissection (LCM) was performed on ExPeCT 

participant needle core biopsies (NCBs). NCBs were sectioned (3 µm) in 

conjunction with the Department of Histopathology, St James’s Hospital, 

Dublin, Ireland and manually stained with H&E; 2 x 12 min xylene bath, 

2 x 1.30 min 100% EtOH bath, 2 x 1 min 95% EtOH bath, 2 x 1 min 70% 

EtOH bath, 2 x 1 min dH2O bath, 1 x 30 sec haematoxylin bath, 1 x 1 min 

dH2O bath, 1 x 30 sec Fisher’s tap water bath, 1 x 1 min Eosin bath, 1 x 

1 min dH2O bath and repeated alcohol baths in reverse order. Sections 

were not coverslipped. Tumour area on the NCBs was marked by a 

pathologist. Slides were loaded onto the Arcturus XT (Applied 

Biosystems, CA, USA) for LCM. The slide was visualised on screen and 

the marked area highlighted using LCM software. The infrared and 

ultraviolet lasers were utilised to adhere the cells of interest to the LCM 

caps (Figure 2.4). LCM caps were removed from the Arcturus XT and 

stored at RT for RNA isolation.  
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Figure 2.4: Laser Capture Microdissection. Image taken from 

www.bioopticsworld.com. 

 

2.15 Gene expression analysis 

2.15.1 RNA extraction from LCM caps 

RNA extraction from LCM caps was completed according to the Arcturus 

Paradise PLUS RNA extraction and Isolation Kit protocol (Biosciences). 

Briefly, caps were incubated for 16 hr at 37oC in proteinase K buffer mix. 

MiraCol purification columns were pre-coated with conditioning buffer, 

binding buffer and resulting cell lysis mix was added to the columns. After 

a series of washes, DNAse digestion was performed on the column. RNA 

was eluted in elution buffer into 0.5 mL tubes.  

 

2.15.2 RNA extraction from cell line pellets 

Cells were trypsinised as per Methods section 2.3.6. The cell pellet was 

re-suspended in 1 mL 1X PBS and centrifuged for a further 5 min at 300 

χ g to wash the cells. The supernatant was removed and the resulting 

pellet placed on ice. RNA was extracted according to the manufacturers’ 

instructions for the RNeasy mini kit (Qiagen, USA). Briefly, samples were 

added to 1 volume of EtOH and allowed to bind to a spin column. On 

column DNAse digestion was carried out before a series of washing and 

centrifuge steps. Centrifuge steps were performed at 8000 χ g for 1 min. 
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RNA was eluted into the RNeasy elution buffer and RNA was stored long 

term at -80oC.  

 

2.15.3 cDNA synthesis 

Ten μL (10-100 ng/μL) RNA was synthesised into cDNA using the High-

Capacity cDNA Reverse Transcription Kit (Applied Biosystems). A 2X RT 

master mix was prepared based on the number samples per run, 

including negative controls; 2 µL 10X RT buffer, 0.8 µL 25X dNTP mix 

(100 µM), MultiScribe Reverse Transcriptase 1 µL and 4.2 μL nuclease 

free H2O. The tubes were centrifuged briefly to remove air bubbles and 

run on a thermocycler according to the conditions in Table 2.10.  

 

Table 2.10: cDNA PCR Conditions 

 

 

 

 

 

 

 

2.15.4 Pre-amplification 

cDNA (from LCM caps only) was amplified using TaqMan® Pre-Amp 

Master Mix (2X) (Applied Biosystems). Equal volumes of each 20X 

TaqMan® gene expression assay were pooled and diluted with 1 X TE 

buffer to a concentration of 0.2X. Twenty five μL TaqMan® Pre-Amp 

Master Mix (2X), 12.5 μL pooled assay mix and 12.5 μL cDNA were 

combined for a final reaction volume of 50 μL. Samples were assayed 

according to the reaction conditions in Table 2.11 for a total of 10 cycles. 

Resulting products were placed on ice immediately.  

 

Temperature Time 

25oC 10 min 

37oC 120 min 

85oC 5 min 

 4oC 5 min 
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Table 2.11: Pre-amplification reaction conditions 

 

 

 

 

 

 

 

2.15.5 TaqMan® gene expression 

Taqman® gene expression analysis was performed on the 7500 Fast 

Real-Time PCR machine (Applied Biosystems). The pre-amplification 

product (Method 2.15.4) was diluted 1:5 with 1 X TE buffer. One μL 

TaqMan® gene expression assay, 5 μL diluted Pre-Amp product, 10 μL 

TaqMan® gene expression mastermix and 4 μL nuclease free water was 

prepared per reaction and assayed according to the conditions outlined 

in Table 2.12. Negative controls and endogenous (GAPDH) positive 

controls were included on each run. Each assay was normalised against 

the endogenous control and expression quantified using the ∆∆CT 

method. 

 

Table 2.12: TaqMan® gene expression PCR Conditions 

 

 

 

 

 

 

 

 

Temperature Time 

95oC 10 min 

95oC 15 sec 

60oC 4 min 

Temperature Time 

50oC 2 min 

95oC 10 min 

95oC 15 sec 

60 oC 1 min 

10 Cycles 

40 Cycles 
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2.16 BrdU proliferation assay 

Cell proliferation was measured using a Cell Proliferation ELISA BrdU 

(Roche Diagnostics, Basel Switzerland). This assay is based on the 

measurement of 5-bromo-2’-deoxyuridine (BrdU) incorporation during 

DNA synthesis. Cells were seeded at 4 x 103 cells per well in a flat 

bottomed 96 well plate and incubated overnight at 37oC. The media was 

removed and the cells treated with appropriate adipokines/drugs and 

media controls for a specified period of time. Following treatment, 10 μL 

BrdU labelling solution (1:100 dilution in sterile media, concentration 100 

μM) was added to each well and incubated at 37oC for 4 hr. All liquid was 

removed from the 96 well plate and the plate was allowed to dry at 37oC 

for a further 10 min. Cells were fixed with 200 μL FixDenat solution for 30 

min at RT. FixDenat solution was removed and 100 μL anti-BrdU-POD 

(1:100 anti-BrdU-POD stock with antibody dilution solution) was added 

to each well and incubated at RT for 90 min. The antibody conjugate was 

removed, wells washed 3 x 200 μL PBST and 100 μL substrate solution 

was added to each well for 5-10 min or until colour change was detected. 

Twenty five μL 1 mM H2SO4 was added to each well to stop the reaction 

and the plate was read at 450 nm with reference wavelength 690 nm. 

Untreated controls were set to 100% and treatments compared to the 

untreated control.   

 

2.17 SGBS cells 

2.17.1 SGBS co-culture 

Pre-adipocyte SGBS cells were cultivated according to Methods 2.3.6. 

Upon 70-80% confluency, cells were trypsinised and counted as per 

Methods 2.3.7. Ten thousand SGBS cells were seeded into 6 well plates 

and allowed to attach overnight. At day 0, fresh preadipocyte growth 

medium was added to half of the wells, and preadipocyte differentiation 

media was added to the second half. Full differentiation of the cells 

occurred over a period of 14 days. At day 14, 10,000 cancer cells were 

added to the co-culture inserts and incubated at 37oC for 24 hr (Figure 

2.5).  Media was removed from the inserts and wells, and stored at -80oC 
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for further analysis. Cancer cells were removed from the insert for RNA 

extraction according to Methods 2.15.2.  

 

 

 

 

                                                                                                                                                                                                                                                                                                                                                                                    

 

 

 

 

 

Figure 2.5: Outline of SGBS co-culture 

 

2.17.2 Oil Red O staining 

SGBS cells were assessed morphologically for differentiation at day 0, 

day 7 and day 14 by Oil Red O, a red lysochrome, fat soluble dye. All 

staining steps were carried out at RT. Cells were fixed with 10% formalin 

for 30 min and washed 3 times with 1 mL PBS. One mL 60% isopropanol 

was added to the cells and incubated for 5 min. Oil Red O was prepared 

as a 3 mg/mL stock in 99% isopropanol and a working solution was 

prepared with 3 parts Oil Red O stock and 2 parts dH2O. The working 

solution was allowed to stand for 10 min and filtered prior to use. 

Isopropanol was removed and 1 mL Oil Red O was added to the cells 

and incubated for 5 min. Cells were washed 3 times with 1 mL PBS and 

photographed using an inverted phase contrast microscope with camera 

(Olympus Corporation, Tokyo, Japan). 

 

2.17.3 RNA extraction  

RNA was extracted from the SGBS cells at day 0, day 7 and day 14. 

Media was removed from the 6 well plates and 500 μL Tri-Reagent 
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added. A cell scraper was used to dislodge the cells and cells were 

pipetted into sterile 1.5 mL eppendorfs. Two hundred μL of chloroform 

was added to the sample and shaken vigorously for 15 sec. Samples 

were allowed to stand at RT for 15 min and centrifuged at 12,000 χ g for 

15 min at 4oC. The aqueous phase containing the RNA was removed into 

a fresh tube and precipitated with 500 μL isopropanol. Samples were 

allowed to stand for 10 min at RT and centrifuged for 8 min at 12,000 χ 

g. The RNA pellet was washed with 75% EtOH and centrifuged for 5 min 

at 7,500 χ g. The resulting pellet was resuspended in 20 μL sterile PCR 

grade water. Samples were then subjected to purification and DNAse 

digestion using the Qiagen RNeasy protocol as per Methods 2.15.2.  

 

2.17.4 Gene expression analysis of SGBS cells  

Sybr Green based gene expression analysis was performed on the 7500 

Fast Real-Time PCR machine (Applied Biosystems). Ten μL Sybr Green 

mastermix, 1 μL forward primer, 1μL reverse primer and 8 μL nuclease 

free water was prepared per reaction and assayed according to the 

conditions outlined in Table 2.13. Negative controls and endogenous 

(18S) positive controls were included on each run. Each assay was 

normalised against the endogenous control and expression quantified 

using the ∆∆CT method. 

 

Table 2.13: Sybr Green reaction conditions 

 

 

 

 

 

 

Temperature Time 

95oC 10 min 

95oC 15 sec 

60oC 1 min 

95 oC 15 sec 

60oC 1 min 

95 oC 30 sec 

40 Cycles 

Melt Curve 
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2.18 Statistical Analysis 

Statistical packages IBM SPSS Statistics 24 (IBM, Ireland) and 

Graphpad PRISM 7 (Graphpad, CA, USA) were used for the majority of 

statistical analysis in this thesis. Data is graphed as mean ± SEM. 

Significance was determined via one way analysis of variance (ANOVA), 

where the number of groups in the experiment was three or more, or a 

paired student t test. A probability of p ≤ 0.05 was considered to 

represent a significant difference between the groups. A post hoc test 

was necessary after ANOVA to determine which groups were 

significantly different to each other. For ExPeCT patient data, excluding 

baseline patient characteristics, statistical analysis was completed in 

conjunction with Dr Bryan Stanfill, Pacific Northwest National Laboratory, 

Washington, USA. The specifics of each statistical test utilised, are 

outlined in each results section.  
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Chapter 3: 

SPOP Mutations and 

Expression of ERG and 

PTEN in Patients with 

Recurrence in Prostate 

Cancer 

 

 

 

 

 

 



 

74 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

75 
 

3.0 Introduction 

As outlined previously, the identification of molecularly distinct subtypes 

of PrCa may hold significant clinical relevance. The goal towards 

precision medicine has led to the availability of commercial gene 

expression biomarkers. Platforms such as Decipher™, a microarray for 

RNA marker profiling in FFPE tissue, and Prolaris ®,  a test for 

expression of 46 genes, have demonstrated potential for use in a clinical 

setting (Clinton et al., 2017). In PrCa SPOP mutations have been 

identified as occurring in approximately 6-13% of PrCa cases (Barbieri et 

al., 2012), with comparable levels present across different demographics 

and ethnicities (Blattner et al., 2014). The structure of the SPOP gene, 

consists of a N-terminal MATH domain, a bric-a-brac, tramtrack and 

broad complex (BTB)/POZ domain, a three-box domain and a C-terminal 

localisation sequence (Figure 3.1) (Mani, 2014). The N-terminal MATH 

domain is responsible for recruiting proteins for substrate binding (Geng 

et al., 2013).  Interestingly, all of the currently known somatic missense 

SPOP mutations have been identified as being present within the N-

terminal MATH domain (Barbieri et al., 2012).  

 

 

 

 

 

 

Figure 3.1: SPOP domains. Image taken from Mani et al. 2014, depicts 

SPOP domains and the position of common mutations found in PrCa.  

BTB: bric-a-brac, tramtrack and broad complex, NLS: nuclear localisation 

sequence.  

 

SPOP mutants may impede ubiquitination and degradation in a 

dominant-negative manner (Theurillat et al., 2014). Steroid receptor 
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coactivator 3 (SRC-3), a member of the p160 receptor coactivator family, 

is known as a master regulator of transcription factors, aiding cancer cell 

proliferation and survival in a number of cancers, including PrCa (Ma et 

al., 2011). SPOP WT substrate binding of SRC-3 encourages protein 

degradation and suppression of the SRC-3 protein, thus promoting 

tumour suppressor capabilities (Geng et al., 2013). However, SPOP 

mutants do not possess the ability to promote ubiquitination or the 

degradation of SRC-3 (Geng et al., 2013). Another transcriptional 

coactivator from the bromodomain and extraterminal (BET) family, 

BRD4, stimulates oncogenic drivers and functions, and has been linked 

with SPOP substrate binding (Dai et al., 2017). SPOP WT pinpoints 

BRD4 for destruction, suggesting that it inhibits cancer progression 

through this pathway. SPOP mutants behave in an opposing manner to 

the WT by impairing the binding ability of BRD4, leading to increased 

levels of BRD4 in circulation (Zhang et al., 2017). Furthermore, the levels 

of endogenous BRD4 expression were significantly correlated with 

advanced PrCa and a shorter time to BCR post radical prostatectomy 

(Dai et al., 2017), highlighting the role of SPOP mutants in disease 

progression.  

The clinical significance of SPOP mutations is conflicting in the 

literature. In a study by Blattner et al. it was reported that there were no 

significant correlations between the presence of SPOP mutations and 

BCR or Gleason grade (Blattner et al., 2014). Conversely, Garcia-Flores 

et al. demonstrated a significant relationship between the presence of 

SPOP mutations and a worse prognosis (Garcia-Flores et al., 2014). 

Recent evidence has established that mutant SPOP behaves as a 

regulator of prostate tumorigenesis in mouse models (Blattner et al., 

2017). Analysis of the genomic landscape of PrCa, highlighted the 

presence of clinically relevant molecular alterations, including SPOP, 

ETS genes and PTEN, in 90% of metastatic PrCa cases (Robinson et al., 

2015), highlighting potential for therapeutic targets. One such genomic 

alteration, PTEN loss, is present in approximately 50% of metastatic 

PrCa (Murphy et al., 2016).  PTEN deletions are reported as being 

present more frequently in advanced PrCa when compared to levels 
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present in SPOP mutant early stage PrCa (Blattner et al., 2017). A 

combination of SPOP mutants and PTEN loss in vivo were recently 

described as capable of stimulating prostate neoplasia, thus aiding the 

growth of invasive PrCa (Blattner et al., 2017). However, mutual 

exclusivity of SPOP mutants and ERG have been well annotated 

(Barbieri et al., 2012). Expression of ERG is present in approximately 

50% of all PrCa cases (Ayala et al., 2015), with ERG fusions attributed 

with metastasis and disease progression (Adamo and Ladomery, 2016). 

A study by An et al. determined that SPOP mutations and ERG fusions 

can increase ERG protein levels by diminishing the interaction between 

ERG and SPOP WT (An et al., 2015). This finding was hypothesised as 

a potential explanation of the mutually exclusive relationship, as the 

presence of both concurrently would be redundant (An et al., 2015).  

While further research is required to examine these findings, the 

role of SPOP mutations, ERG rearrangements and PTEN loss in PrCa 

may hold insight into disease progression and provide new targets for 

therapy. The aims of this chapter were to (a) examine the presence of 

eight annotated SPOP mutations in a cohort of Swedish and Irish patients 

with PrCa who met the criteria for BCR, (b) assess the mutual exclusivity 

of ERG and SPOP mutants and (c) determine PTEN expression in the 

same cohort of patients. The overall objective was to identify a distinct 

molecular sub-type of PrCa and to assess the clinical relevance of this 

sub-type.    
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3.1 Results 

3.1.1 SPOP Patient Cohort 

Patients were included in this study based on clinical criteria for BCR; 

post-prostatectomy PSA level ≥0.4 ng/mL followed by a second PSA 

level >0.4 ng/mL (Stephenson et al., 2006). A number of patients who 

never met the criteria for BCR (progression free) and patients who 

progressed immediately after surgery (never reached an undetectable 

PSA) were also included as a comparison. The study was comprised of 

two groups, an Irish cohort provided by the PCRC (n=72) and a Swedish 

cohort provided by Orebro University Hospital (n=60). Ethical consent 

was obtained from the relevant ethics committees at each site for this 

study. Independent t-tests, Fisher’s tests, Mann-Whitney U tests and Chi-

Squared analysis were performed, as appropriate, to assess differences 

in baseline characteristics between groups across all samples. No 

significant differences were noted in patient characteristics between 

groups in either the Swedish (Table 3.1) or Irish cohort (Table 3.2). 

 

Table 3.1: Patient Characteristics of Swedish Cohort. 

 

 

 

 

   All Cases 

(n=60) 

BCR 

(n=35) 

No BCR 

(n=10) 

p-value 

Age at 

Diagnosis 

Mean 

Median 

63.5 (51.6 - 

73.5) 

64.3 (51.6 - 

73.5) 

63.5 (51.6 - 

73.5) 

63.9 (51.6 - 

73.5) 

63.8 (56.3 - 

68.9) 

64.1 (56.3 - 

68.9) 

0.861 

0.883 

 

PSA at 

Diagnosis 

(ng/mL) 

Mean 

Median 

Missing 

13.4 (3.2 - 45) 

9.85 (3.2 - 45) 

1 

12.7 (3.2 - 

34) 

9.2 (3.2 -

34) 

1 

10.6 (7.1 -20) 

9.9 (7.1 - 20) 

0 

0.27 

0.71 
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Table 3.1 Continued: Swedish Cohort, Patient Characteristics. 

   All Cases 

(n=60) 

BCR (n=35) No BCR 

(n=10) 

p-value 

T- Stage T1b 

T1c 

T2 

T3 

3 (5%) 

23 

(38.3%) 

30 (50%) 

4 (6.7%) 

2 (5.7%) 

9 (25.7%) 

21 (60%) 

3 (8.6%) 

0 

7 (70%) 

3 (30%) 

0 

0.098 

Gleason 

Score 

6 

7 

8 

9 

Missing 

7 (11.7%) 

34 

(56.7%) 

15 (25%) 

3 (5%) 

1 

4 (11.4%) 

21 (60%) 

8 (22.9%) 

2 (5.7%) 

 

2 (20%) 

6 (60%) 

2 (20%) 

0 

  

0.858 

Gleason 

Score Group 

6 

3+4 

4+3 

8-10 

Missing 

7 (11.7%) 

14 

(23.3%) 

20 

(33.3%) 

18 (30%) 

1 

4 (11.4%) 

10 (28.6%) 

10 (31.4%) 

10 (28.6%) 

2 (20%) 

2 (20%) 

4 (40%) 

2 (20%) 

0.822 

Cancer 

Specific 

Death 

Yes 

No 

 11 

(18.3%) 

49 

(81.7%) 

 8 (22.9%) 

27 (77.1%) 

 0 

10 

(100%) 

0.168 

Biochemical 

Relapse 

Yes 

No 

Progression  

35 

(58.3%) 

10 

(16.7%) 

15  

na 

na 

na 

na 

  

Follow up 

BCR 

Months  

(median) 

36.1 (4.3-

159.1) 

na na   

Follow-Up Months  

(median) 

Years 

(median) 

124.7 

(28.6 -

260.8) 

10.4 (2.4 - 

21.7) 

147.3 (28.6-

260.1) 

11.98 (2.38 - 

21.74) 

135 (98-

208) 

11.26 

(8.13 - 

17.33) 

0.581 

0.581 

T- stage – tumour stage, no baseline data available for n=15 immediate 

progression  
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Table 3.2: Patient Characteristics of Irish Cohort. 

na – not applicable, SMI – seminal vesicle invasion, T-stage – tumour 

stage 

 

 

 

 
All Cases 

(n=72) 

 BCR 

(n=40) 

No BCR 

(n=32) 

 p-

value 

Age at 

Surgery 

Mean 

Median 

61.75 (42 -

71) 

63 (42 -71) 

62.18 (42 -

71) 

63 (42 -71) 

61.23 (43 -

69) 

64 (43 -69) 

0.253 

PSA at 

Surgery 

(ng/mL) 

Mean 

Median 

Missing 

8.64 (1-18.8) 

7.98 (1-18.8) 

2  

8.52 (1 -

18.5) 

7.9 (1 -18.5) 

2  

8.86 (1.9 -

18.8) 

7.98 (1.9 -

18.8) 

0 

0.228 

T- Stage T2a/b 

T2c 

T3a 

SMI 

5 (6.9%) 

22 (30.6%) 

35 (48.6%) 

10 (13.85) 

2 (5%) 

8 (20%) 

23 (57.5%) 

7 (17.5%) 

3 (9%) 

14 (44%) 

12 (38%) 

3 (9%) 

0.108 

Gleason 

Score 

6 

7 

8 

9 

16 (22.2%) 

36 (50%) 

11 (15.3%) 

9 (12.5%) 

9 (22.5%) 

19 (47.5%) 

7 (17.5%) 

5 (12.5%) 

7 (22%) 

17 (53%) 

4 (12.5%) 

4 (12.5%) 

0.682 

  

Gleason 

Score 

Group 

6 

3+4 

4+3 

8-10 

16 (22.2%) 

19 (26.4%) 

17 (23.6%) 

20 (27.8%) 

9 (22.5%) 

9 (22.5%) 

10 (25%) 

12 (30%) 

7 (22%) 

10 (31%) 

7 (22%) 

8 (25%) 

0.740 

Time to 

BCR 

(months) 

Mean 

Median 

na 

na 

18.1 (2 -96) 

11.5 (2 -96) 

na 

na 

  

Progression 

Free 

(months) 

Mean 

Median 

na 

na 

na 

na 

83.13 (44 -

116) 

86 (44 -

116) 
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3.1.2 SPOP Mutant Amplification using PCR 

Two sets of primer pairs (Table 2.4) were designed to encompass the 

eight known SPOP mutations: Y87N, Y87C, F102C, S199N, F125V, 

W131G, F133L and F133V using PCR as per Methods 2.6.3. FFPE 

tissue samples (5 μM sections, adhered to glass slides) were provided 

for each patient by the PCRC and Orebro University Hospital. Tissue 

sections were stained with H & E and the relevant tumour area marked 

by a pathologist. Marked area was removed using macrodissection and 

DNA processed according to Methods 2.4.5. DNA was quantified using 

the nanodrop, and PCR was performed using 1 µL (10 ng/μL) of each 

sample per primer pair. The resulting PCR products underwent post-PCR 

clean-up and all samples were examined on a 2.5% agarose gel to 

ensure bands were present at the correct size. Estimated sample size for 

primer sets 1 and 2 was 153 bp and 132 bp, respectively (Figure 3.2). All 

samples were visible on the agarose gel, despite a low concentration of 

DNA in a subset of tumours. 
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Figure 3.2: Representative image of agarose gel of both primer pairs 

post PCR clean-up. Arrows depict band size of primer pair set 1, 153 bp 

(L2-L4), and primer pair set 2, 132 bp (L6-L8). No bands were present in 

L1 and L5, which were negative PCR controls. A molecular weight size 

ladder is also included.   

L- Lane 

 

3.1.3 Sanger Sequencing of SPOP PCR products 

Sequencing sensitivity was assessed using G-blocks, with 50% 

mutant/WT mix deemed as the sensitivity threshold. Samples were 

prepared and shipped for Sanger Sequencing according to the Eurofins 

protocol for purified DNA samples (1 ng/µL in a total volume of 15 µL) in 

96 well plates (Methods 2.6.5). Two chromatograms (Figure 3.3) per 

sample were received, utilising each primer set to span all mutations of 

interest. Due to the small size of the PCR product, manual base calling 

was required. Each sequence was compared to the WT SPOP sequence 

and assessed for the presence of any of the eight SPOP mutations 

(Figure 3.3). No mutations were noted in either cohort.
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Figure 3.3: Representative image of Sanger sequencing chromatograms.  

A) Red boxes highlight position of WT sequence of SPOP mutations of interest (S119N – c.356G>A, F125V – c.373T>G, W131G - 

c391T>G, F133V – c.397T>G and F133L – c.399C>G).  

B) Example of sequence for manual calling due to short sequence length. Red boxes highlight position on WT sequence of SPOP mutations 

of interest (Y87N – c.259T>A, Y87C – c.260A>G and F102C – c.305T>G). 

C) Red box highlights the position of mutation F125V – c.373T>G. Synthetic G-blocks were constructed with 80% mutant, WT mix to 

demonstrate sequencing sensitivity.  

Red peaks associate with T, black with G, green with A and blue with C. 

C 
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3.1.4 Tissue Microarrays 

Sections of previously constructed TMAs from the Irish cohort were 

provided by the PCRC. TMAs containing the Swedish cohort were 

constructed using an automated TMA machine. IHC staining was 

completed using standard protocols as per Methods 2.7 (ERG clone 

EPR3864, PTEN clone D4.3X). ERG IHC of the Swedish cohort was 

completed in conjunction with University Hospital Basel. TMA scoring 

was completed in conjunction with pathologists Prof Stephen Finn (ERG), 

Dr Danielle Costigan (ERG) and Dr David Cormican (PTEN). 

 

3.1.4.1 ERG 

ERG scoring was based on a three tier system; a negative score of 0 (no 

presence of positive ERG nuclear staining), heterogeneous score of 1, 

(presence of both negative and positive ERG nuclear staining) and a 

positive score of 2 (positive ERG nuclear staining) (Figure 3.4). Data was 

graphed to show the range of expression within the cohorts (Figure 3.5).  

 

Figure 3.4: Representative ERG TMA core images.  

A) Negative ERG nuclear staining.  

B) Positive ERG nuclear staining. 

Arrows illustrate positive and negative ERG staining. Images are at 100X.  
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Figure 3.5: ERG expression in all patient groups. 

* denotes significant correlation between ERG expression and the 

immediate progression group 

Data grouped as ordinal variables, 0 – no ERG expression, 1 – 

heterogeneous ERG expression, 2- strongly positive ERG expression.  

BCR n=75, no BCR n=42 and immediate progression (never reached an 

undetectable PSA post-surgery) n=15. 
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3.1.4.2 PTEN 

PTEN imaging was based on graded intensity of staining, 0-3 (Figure 

3.6). PTEN scoring was completed using the H-score system. The H-

Score is calculated from the percentages of nuclei classified as 3+, 2+, 

1+ (the three positive categories, where 3+ has the highest staining 

intensity) multiplying them with their grade: H-Score = (Percentage of 3+) 

x 3 + (Percentage of 2+) x 2 + (Percentage of 1+).Thus the H-Score is a 

value between 0 and 300 (0 if there are only negative cells, and 300 if all 

cells are positive with an intense stain), giving an indication of the ratio of 

positive cells while factoring in staining intensity (Detre et al., 1995) 

(Figure 3.7). 

 

 

 

 

 

 

 

 

 

Figure 3.6: Representative TMA core images of cytoplasmic PTEN 

staining. 

Staining intensity was graded 0-3. 

A) PTEN grade 0 staining. 

B) PTEN grade 1 staining. 

C) PTEN grade 2 staining.  

D) PTEN grade 3 staining. 

Arrows depict grade of staining and all images are at 20X as indicated.   
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Figure 3.7: PTEN scoring across patient groups.  

Data graphed as continuous variables. BCR n= 75, no BCR n= 42 and 

immediate progression (never reached an undetectable PSA post-

surgery) n=15.  
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3.1.5 Statistical Analysis of ERG and PTEN Expression  

Statistical analysis of ERG and PTEN data between groups was 

performed in conjunction with Dr Jessica Carlsson (Department of 

Urology, Orebro University, Sweden).  

 

3.1.5.1 Statistical analysis of ERG expression 

The difference in ERG expression was compared between groups using 

a Fisher’s exact test as ERG expression was defined as a categorical 

variable. There was no significant association between ERG score and 

BCR status (p=0.059). Nominal regression was performed, using no BCR 

as the reference category and a significant correlation between ERG 

expression and immediate progression was detected (p=0.029). The 

nominal regression analysis was adjusted for age and Gleason grade, 

and the significant correlation between ERG and immediate progression 

remained true (p=0.033) (Table 3.4). No significant correlation between 

no BCR and BCR was detected in either model. PTEN was added to the 

model, and ERG expression between no BCR and immediate 

progression remained significant (p=0.028) (Table 3.5). Kaplan Meier 

survival analysis was performed to test for any correlation between time 

to recurrence and ERG expression (Figure 3.8). No significant effect was 

observed (p=0.405).  

 

Table 3.3: Comparison of ERG expression between patient groups. 

 

 

 

OR- odds ratio, CI- confidence interval, BCR - post-prostatectomy PSA level ≥0.4 

ng/mL followed by a second PSA level >0.4 ng/mL, progression – immediate 

progression after surgery (never reached an undetectable PSA post-surgery) 

 

 

 OR 95% CI p-value 

BCR 1.417 0.611-3.283 0.417 

Progression 6.137 1.203-31.320 0.029 
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Table 3.4: Comparison of ERG expression, age and Gleason grade 

between groups. 

OR- odds ratio, CI- confidence interval, BCR - post-prostatectomy PSA level ≥0.4 

ng/mL followed by a second PSA level >0.4 ng/mL, progression – immediate 

progression after surgery (never reached an undetectable PSA) 

 

Table 3.5: Correlation between ERG expression, PTEN, age and 

Gleason grade between groups.  

OR- odds ratio, CI- confidence interval, BCR - post-prostatectomy PSA level ≥0.4 

ng/mL followed by a second PSA level >0.4 ng/mL, progression – immediate 

progression after surgery (never reached an undetectable PSA) 

 

 

 

 

 

 

 

 

 

 

 

 OR 95% CI p-value 

BCR 1.382 0.582-3.277 0.463 

Progression 6.064 1.154-31.865 0.033 

 OR 95% CI p-value 

BCR 1.414 0.605-3.303 0.424 

Progression 6.278 1.221-32.294 0.028 
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Figure 3.8: Kaplan Meier survival analysis of ERG expression over time 

between groups.  

There was no significant association between time to recurrence and 

ERG expression observed (p=0.405).   

Data grouped as ordinal variables, 0 – no ERG expression, 1 – 

heterogeneous ERG expression, 2- strongly positive ERG expression 

BCR n=75, no BCR=42 and immediate progression (never reached an 

undetectable PSA post-surgery) n=15. Censored refers to cases lost 

during follow up.  
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3.1.5.2 Statistical analysis of PTEN expression 

PTEN scoring was analysed as a continuous variable and was tested for 

normality. PTEN score was normally distributed (p=0.223) (Figure 3.9) 

and an ANOVA was performed to assess for an association between 

groups and PTEN expression. Results from the ANOVA demonstrated 

no statistical significance in PTEN expression between groups (p=0.997).  

 

Figure 3.9: Histogram normality plot of PTEN expression. PTEN 

expression was normally distributed (p=0.223).  
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Nominal regression was performed using no BCR as the reference. No 

significant difference in PTEN expression between no BCR and BCR, or 

no BCR and immediate progression was established (Table 3.6). Age 

and Gleason grade were added to the model, however no significance 

was ascertained after this adjustment (Table 3.7). Kaplan Meier survival 

analysis was performed to test for any correlation between time to 

recurrence and PTEN expression (Figure 3.10). No significant effect was 

observed (p=0.162).  

 

Table 3.6: Association between PTEN expression and patient groups. 

OR- odds ratio, CI- confidence interval, BCR - post-prostatectomy PSA level ≥0.4 

ng/mL followed by a second PSA level >0.4 ng/mL, progression – immediate 

progression after surgery (never reached an undetectable PSA) 

 

Table 3.7: Association between PTEN, age and Gleason grade between 

groups 

OR- odds ratio, CI- confidence interval, BCR - post-prostatectomy PSA level ≥0.4 

ng/mL followed by a second PSA level >0.4 ng/mL, progression – immediate 

progression after surgery (never reached an undetectable PSA) 

 

 

 

 

 

 OR 95% CI p-value 

BCR 1.145 0.523-2.507 0.734 

Progression 0.787 0.238-2.609 0.696 

 OR 95% CI p-value 

BCR 1.082 0.489-2.392 0.846 

Progression 0.690 0.203-2.346 0.552 
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Figure 3.10: Kaplan Meier survival analysis of PTEN expression over 

time between groups.  

There was no significant association between time to recurrence and 

PTEN expression observed (p=0.162).  

BCR n=75, no BCR=42 and immediate progression (never reached an 

undetectable PSA post-surgery) n=15.  

Censored refers to cases lost during follow up. Low and high PTEN refer 

to samples above or below the mean PTEN value of all samples. 
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3.2 Discussion 

Molecularly distinct subtypes of PrCa may provide an insight into disease 

progression and hold the key to improving patient outcomes. The overall 

aim of this chapter was to determine the presence of a panel of common 

SPOP mutations in a cohort of patients with and without disease 

progression (as defined by BCR). In addition to SPOP mutations, 

common genomic alterations (ERG and PTEN) were also assessed to 

provide a more advanced molecular profile. The patient cohort for this 

study included patients from Sweden and Ireland, who were progression 

free (no BCR), met chosen criteria for BCR (BCR) and never reached an 

undetectable PSA, i.e. immediately progressed after surgery (immediate 

progression). In the Swedish cohort of patients, no statistically significant 

differences were noted between groups in terms of general 

characteristics; however, a trend towards differences in tumour stage 

between BCR and no BCR was apparent. In the Irish cohort of patients, 

no patients met the criteria for immediate progression and were divided 

based on no BCR and BCR. There was no statistically significant 

difference between groups. The trend towards a difference in tumour 

stage, that a more advanced tumour stage may be associated with BCR 

in this cohort of patients. A meta-analysis examining tumour volume and 

percent tumour volume in BCR after prostatectomy, indicated significant 

correlations with BCR (Meng et al., 2015). Further in-depth retrospective 

analysis into tumour characteristics in this cohort, may provide insight 

into BCR.  

The presence of eight annotated SPOP mutations was assessed 

in each participant in this cohort. No mutations were detected across both 

the Irish and Swedish patient populations. SPOP mutations are present 

in a modest proportion of PrCa cases, approximately 6-13% (Barbieri et 

al., 2012). The detection of SPOP mutations has generally been 

determined in patients who are treatment naive prior to radical 

prostatectomy, inferring a role of SPOP as an early driver in PrCa 

(Barbieri et al., 2012, Garcia-Flores et al., 2014). Additionally, the 

prevalence of SPOP mutations in a diverse population of samples, which 

included patients from America and Europe, determined no significant 
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differences based on demographic or ethnicity (Blattner et al., 2014). 

Therefore, the lack of SPOP mutations may infer the presence of other 

common genomic alterations which can act as a driver for progression. 

One such example of this is the documented mutual exclusivity between 

SPOP and ERG (Barbieri et al., 2012). The approximation of SPOP 

mutations in the general PrCa population is low; therefore increased 

numbers within future cohorts may increase the probability of detecting 

SPOP mutations. A limitation of this analysis may be the sensitivity of the 

sequencing approach. The positive controls outline a sensitivity threshold 

of 50%, which may infer the lack of detection of heterogeneous mutations 

present at lower levels. The use of more highly sensitised assays such 

as competitive allele-specific TaqMan PCR (Cast-PCR), next generation 

sequencing or exome sequencing, which have demonstrated the ability 

to detect rare mutations, may increase the sensitivity threshold and 

improve the detection rate of SPOP mutations.  

ERG expression levels were examined across groups in this 

cohort of patients. ERG expression was assayed by IHC and categorised 

into expression levels as per standard accepted pathology protocols. In 

the no BCR patient group, the most frequent category of expression was 

heterogeneous, with similar expression frequency reported in the BCR 

group. Contrastingly, the patient group with immediate progression 

reported no expression of ERG as the most frequent occurrence. 

Although it did not reach statistical significance, a trend towards an 

association between ERG expression and BCR status was observed, 

suggesting a potential relationship between the two variables. This 

correlation has previously been reported in the literature, with the 

presence of ERG expression significantly associated with an increased 

risk of BCR (Huang et al., 2014). A statistically significant correlation 

between ERG expression and immediate progression after radical 

prostatectomy, when compared to no BCR was reported. This finding 

remained consistent with the addition of co-variates such as age and 

Gleason grade. There was no significant association between ERG 

expression and BCR, when compared with no BCR. Kaplan Meier 

survival analysis was in agreement with this outcome, as no significant 
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relationship between ERG expression and overall time to progression 

was established. This analysis suggests a potential role for ERG 

expression as a predictor of disease progression in this profile of patients 

with PrCa. The presence of ERG fusions, have previously been 

significantly associated with disease recurrence in patients with PrCa 

(Nam et al., 2007). The data witnessed in this study is in contrast to the 

literature, with lack of ERG expression the most common category in the 

cohort of patients with immediate progression.  A limitation of this 

analysis may be the small number of patients within this cohort (n=15), 

with larger validation cohorts required to confirm these findings and to 

further elucidate the potential of ERG expression in disease monitoring.  

PTEN expression was scored using the recognised H-score 

system and thus was assessed as a continuous variable. The range of 

expression of H-score is from 0-300 and expression levels appeared 

similar across all three comparative groups. No statistical significance 

was observed between PTEN expression and BCR status. When 

examined as a potential predictor of recurrence, no significant 

association was reported between PTEN status and BCR, or PTEN 

status and immediate progression. This observation remained constant, 

with Kaplan Meier survival analysis suggesting no significant relationship 

between PTEN status and overall time to recurrence. A recent systematic 

review of PTEN expression and BCR, reported a significant association 

between positive expression of PTEN and lower risk of BCR, with PTEN 

loss associated with increased likelihood of BCR (Xie et al., 2017). The 

majority of patients in this study reported some level of PTEN expression, 

which suggests compliance with the literature. PTEN and ERG 

expression levels were combined in the same statistical model, with the 

significant relationship between ERG expression and immediate 

progression remaining constant. This finding may suggest a role between 

ERG negative cancers and a shorter time to immediate progression after 

radical prostatectomy. The elucidation of the molecular profiles 

associated with disease progression in PrCa may aid in the development 

of improved therapeutic targets and improve the overall survival of 
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patients at risk of developing metastatic cancer and for those living with 

advanced disease. 
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4.0 Introduction 

CTCs represent a morphologically distinct subset of cancer cells, which 

aid in metastatic spread. A study by Park et al. identified recognisable 

differences in characteristics between CTCs isolated from patients with 

metastatic CRPC and prostate cancer cells lines (Park et al., 2014). 

CRPC CTCs demonstrated a significant size difference in comparison to 

the cultured cells, in addition to an irregular, heterogeneous shape and a 

greater nuclear to cytoplasmic ratio (Park et al., 2014). As outlined 

previously in section 1.2, due to the heterogeneous nature of CTCs, there 

is no standard detection method. CellSearch® is the only FDA approved 

(enumeration only) isolation system, based on EpCAM coated 

immunomagnetic beads, and morphological analysis is generally 

combined with additional staining, resulting in an EpCAM and cytokeratin 

positive, and CD45 negative phenotype (Ligthart et al., 2013). A study by 

Adams et al.  replicated CellSearch® output, by utilising a size based 

filtration method coupled with further staining criteria (Adams et al., 

2015). Multiple studies using the size based filtration system, 

ScreenCell®, have demonstrated efficient capture and isolation of CTCs 

in ovarian, colorectal, lung and prostate cancers, with some cases 

identifying increased CTC yields when compared to CellSearch® 

(Kruspe et al., 2017, Nicolazzo et al., 2017, Coco et al., 2017, Wark et 

al., 2017). Therefore size based filtration, may allow for the capture of a 

heterogeneous population of CTCs.  

The clinical significance of CTCs in advanced PrCa lies in their 

potential for use as both prognostic and diagnostic liquid based markers. 

Recent studies have examined CTC number in terms of overall survival 

(OS) in patients with PrCa. SWOG 0421 was a phase III trial for patients 

with metastatic CRPC randomly assigned to docetaxel with or without 

atrasentan (Goldkorn et al., 2014). In both study arms, high levels of 

CTCs at baseline were associated with an elevated PSA and increased 

bone pain, with an increase in CTC number over time highly correlated 

with worse OS (Goldkorn et al., 2014). Data from two prospective clinical 

trials for men with metastatic CRPC undergoing chemotherapy also 

determined that a 30% decrease in CTC number was associated with 

improved OS following treatment with abiraterone and chemotherapy, 
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suggesting CTCs as a surrogate marker to monitor treatment response 

(Lorente et al., 2016). The detection of TMPPRSS2-ERG fusions and AR 

gene status have been positively identified in CTCs in the blood of men 

with metastatic CRPC (Danila et al., 2011, Podolak et al., 2017). 

Furthermore, synaptophysin expression, a recognised marker of 

neuroendocrine differentiation in PrCa, was identified in CTCs isolated 

from patients undergoing treatment with abiraterone acetate or 

enzalutamide, with increased expression associated with resistance to 

these therapies (Pal et al., 2017). Additionally, a landmark paper by 

Antonarakis et al. detected the presence of AR-V7 on CTCs isolated from 

patients who demonstrated resistance to enzalutamide and abiraterone 

(Antonarakis et al., 2014). These data suggests the possibility of using 

CTC number to predict OS and treatment response for patients with 

metastatic PrCa. 

The mechanisms, by which CTCs extravasate undetected by the 

immune system, is one that is poorly understood. One proposed 

mechanism relates to the ‘platelet cloaking’ of cancer cells. Platelets are 

understood to play a role in increasing the invasive potential of cancer 

cells (Bambace and Holmes, 2011). This was determined using ovarian 

cancer cell line, SK-OV-3 (Cooke et al., 2015). This study demonstrated 

significant platelet adhesion and activation when combined with cancer 

cells, suggesting a reliance of SK-OV-3 on platelets to aid extravasation 

(Cooke et al., 2015). This study also assessed the link between aspirin 

use and platelet inhibition. The introduction of SK-OV-3 cells to platelets 

treated with aspirin, caused a significant decrease in invasive activity of 

the cancer cells (Cooke et al., 2015). In CVD, aspirin is utilised as an 

anti-platelet agent, whereby it inhibits COX-1 function, essential for 

platelet aggregation (Gurbel et al., 2007). This leads to the hypothesis 

that aspirin use may play a role in inhibiting platelet cloaking of cancer 

cells, which may in turn aid the detection of CTCs by the immune system 

and increase CTC destruction in circulation. This increasing body of 

evidence on the relationship between platelets and cancer cells, 

highlights the need for further investigation into the possible role platelets 

have in the development of metastatic PrCa. 
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A substantial body of evidence exists highlighting the benefits of 

physical activity in metastatic PrCa, however little is known about the 

impact of physical activity on CTCs. Cardiovascular/aerobic exercise can 

increase endothelial shear stress, which can improve vascular function 

(Niebauer and Cooke, 1996). A microfluidic device using cells derived 

from breast, lung and ovarian cancers, replicated physical activity using 

relevant high shear stress conditions that induced the destruction of 

CTCs in circulation by necrosis and apoptosis (Regmi et al., 2017). It was 

hypothesised that cancer patients could mimic high shear stress 

conditions with exercise to target CTCs in this manner (Regmi et al., 

2017). Based on the current literature, the ExPeCT trial was developed 

to improve our understanding of CTCs, platelet cloaking and the effect of 

exercise in a population of men with metastatic PrCa. The primary 

endpoint for ExPeCT was the isolation and enumeration of CTCs and 

platelet cloaking in both study arms (Figure 4.1). The aims for this chapter 

were a) to assess size based vs. EpCAM based isolation methodology 

for effective CTC isolation, b) to enumerate CTCs and platelet cloaking 

present in all participants, c) to correlate baseline CTC and platelet 

cloaking numbers with baseline BMI, d) to determine the impact of 

exercise on CTC number and platelet cloaking and e) to investigate any 

association between clinical data and CTCs/platelet cloaking. 
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Figure 4.1: Overview of CTCs and platelet cloaking as the primary 

endpoint in the ExPeCT trial.A) Outlines the enumeration of CTCs and 

platelet cloaking in all participants and the correlation to baseline BMI 

and B) summarises the comparison of CTCs and platelet cloaking 

between ExPeCT exercise and control groups.  

CTCs from all sites were isolated using the same protocol and 

enumeration was performed by the same pathologist in Cork University 

Hospital. 
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4.1 Results 

4.1.1 CTC platform comparison  

A pilot CTC platform comparison study was carried out using two 

contrasting techniques; Isoflux which utilises EpCAM coated 

immunomagnetic beads and ScreenCell®, a size based filtration method. 

Approximately 10, 50 and 100 PC-3 cells were added to healthy donor 

blood.  The blood and tumour cell mix was then prepared according to 

the specified protocol instructions for both ScreenCell® and Isoflux 

(Methods 2.9-2.10). Standard MGG staining was performed on 

ScreenCell® filters. CellTracker Green was added to cells isolated from 

the Isoflux platform. Cells were visualised microscopically and 

enumerated (Figure 4.2). PC-3 cells spiked onto the Isoflux platform 

yielded capture efficiency rates ranging from 66%-80% with an overall 

capture efficiency rate of 74% (Table 4.1). PC-3 cells spiked onto 

ScreenCell® filters generated capture efficiency rates ranging from 70%-

93%, with an overall capture efficiency rate of 80% (Table 4.1).  
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Figure 4.2: Representative images of PC-3 cells captured using 

ScreenCell® filters and Isoflux EpCAM immunomagnetic bead 

technology.  

A) ScreenCell® filter with 50 PC-3 cells spiked into blood.  

B) ScreenCell® filter with 100 PC-3 cells spiked into blood.  

Arrows depict PC-3 cells stained with MGG in both images. 

C) Isoflux, glass slide with 10 PC-3 cells spiked into blood.  

D) Isoflux, glass slide with 50 PC-3 cells spiked into blood.  

Arrows depict PC-3 cells visualised with CellTracker Green under a 10X 

FITC filter.  Auto fluorescence of pores is evident on both Isoflux images 

(blue) under merged FITC and DAPI filters.  
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Table 4.1: Capture efficiency rates of CTC detection platforms using 

whole blood spiked with PrCa cells. PC-3 cells spiked onto the Isoflux 

platform and the resulting capture efficiency rates and PC-3 cells spiked 

on the ScreenCell® filters and the resulting capture efficiency rates.  

 

 

Platform 

Amount of 

Cells Spiked 

(approx.) 

Number of 

Cells 

Recovered 

(approx.) 

Capture 

Efficiency 

Rate (%) 

 

Isoflux 

10 8 80 

50 33 66 

100 75 75 

 

ScreenCell® 

10 7 70 

50 38 76 

100 93 93 

 

 

 

4.1.2 Optimisation of morphological staining and cover 

slipping on ScreenCell® filters 

ScreenCell® protocols recommend the use of MGG staining for 

morphological identification of CTCs over H & E staining. MGG staining 

was performed on PC-3 cells spiked into healthy donor blood and filtered 

according to the ScreenCell® protocol. Multiple fixative solutions were 

utilised to adhere coverslips to the ScreenCell® filters. However, each 

fixative damaged the integrity of the stain and as a result, filters were 

assessed without coverslips. Secondary morphological staining was 

attempted using papanicolaou morphological staining on PC-3 cells. The 

resulting stains were compared and MGG chosen for effective 

reproducibility and powerful morphological identification of PrCa cells. 
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4.1.3 Immunohistochemistry optimisation using PrCa Cell 

lines 

A range of cytoplasmic and nuclear markers were chosen for the positive 

identification of CTCs, post morphological analysis, based on their 

expression in PrCa. These markers included cytokeratin, EpCAM, 

PSMA, ERG, CD45 and AR. IHC optimisation was performed, using 

prostate tissue for EpCAM, PSMA, ERG and AR, and tonsil for CD45 

(Figure 4.3). Upon successful optimisation, cell blocks were made from 

PrCa cell lines: PC-3, DU145, LNCaP, VCAP and 22Rv1, and stained for 

the various markers (Figure 4.4). PrCa cells lines were chosen based on 

their expression of the antigen of interest and spiked into healthy donor 

blood and filtered onto ScreenCell® membranes. The filters were stained 

with MGG to identify their morphology and to ensure capture of the PrCa 

cells. MGG staining was removed during washing steps as per Methods 

2.16.1 and IHC performed as per Methods 2.7 (Figure 4.5). Positive 

antigen identification was performed in conjunction with pathologist Dr 

Tatjana Vlajnic. IHC staining was difficult to reproduce for all markers, 

however cytokeratin and EpCAM were somewhat more successful
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Figure 4.3: IHC staining using prostate specific markers on human 

tissue.  

A) Arrows demonstrate positive cytoplasmic PSMA staining (20X).  

B) Arrows portray positive cytoplasmic EpCAM staining (20X).  

C) Arrows depict positive cytoplasmic cytokeratin staining (20X). 

D) Representative negative image (Tonsil). Arrows illustrate negative 

CD45 staining. 
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Figure 4.4: Representative IHC staining of prostate cancer cell blocks.  

A) Arrows depict AR positive staining in 22RV1 cells. 

B) Arrows portray positive ERG staining in VCaP cells. 

C) Arrows illustrate positive AR staining in LNCaP cells. 

D) Representative negative image. Arrows demonstrate negative AR 

staining in DU145 cells.  

Negative controls were included for every IHC experiment. 
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Figure 4.5: Representative IHC staining of prostate cancer cell line 

LNCaP on ScreenCell® filters.  

A) Positive EpCAM staining.  

B) Positive cytokeratin staining.  

C) Positive PSMA staining.  

All images were at 40X, with positive staining depicted by arrows. 
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4.1.4 Platelet cloaking of PrCa lines 

Surplus human platelets were acquired from the Irish Blood Transfusion 

Service according to an authorised clinical indemnity form. One mL 

platelets were mixed with 1 x 106 cells/mL DU145 to create a 

tumour/platelet suspension and allowed to incubate at RT for 10, 15, 30, 

45 and 60 min. Ten µL, 50 µL, 100 µL, 250 µL and 500 µL of this mix was 

added into 3 mL healthy donor blood and filtrated according to the 

ScreenCell® protocol. Filters were stained with MGG and analysed by a 

pathologist using clinically accepted cytology-based morphological 

criteria for the presence of platelet cloaking. A 50 μL cell/platelet 

suspension incubated at RT for 45 min produced optimum results. 

Platelets were present throughout the filters in aggregates on the 

membrane as well as in aggregates surrounding tumour cells (Figure 

4.6).  

 

 

 

Figure 4.6: Platelet cloaking in normal and tumour prostate cells.  

A) arrows demonstrate platelets cloaking DU145 tumour cells and 

platelets adhered to the ScreenCell® filter and B) arrows depict normal 

prostate cell line, RPWEI.  
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Cloaking of DU145 cells was compared with a normal cell line, RPWEI. 

The total number of cells in four fields of view was counted by two 

independent observers, along with the number of cells displaying platelet 

cloaking, and the results averaged. A percentage of platelet cloaking was 

calculated based on the number of cloaked cells per total number of cells. 

Normal prostate cells displayed reduced cloaking compared to tumour 

cells (p=0.0571) (Figure 4.7). IHC was performed on the platelet cloaked 

filters for positive identification using CD42a. Results were sub-optimal 

with non-specific staining present, regardless of known platelets being 

present. 
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Figure 4.7: Percentage of platelet cloaking in tumour and normal 

prostate cells. 

Data is graphed as mean ± SEM (n=3).  Analysis was performed using a 

student’s two tailed t-test.  
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4.1.5 ExPeCT trial participants 

Patients with metastatic PrCa who met the inclusion criteria for ExPeCT 

were consented in five Irish sites and one UK site. All consented 

participants were randomised into either the exercise or control arms 

(and those participants randomised to the exercise arm underwent six 

months of aerobic exercise (Figure 4.8)). Whole blood (16 mL) was 

collected into k2EDTA tubes at three time points, T0, T3 and T6, for all 

participants, with a maximum of four ScreenCell® filters processed per 

patient. The differences between exercise and control groups for 

participant characteristics were evaluated using independent t-tests and 

Wilcoxon Signed Rank tests. Table 4.2 outlines age, Gleason grade and 

PSA over time of ExPeCT participants. No significant differences were 

observed between groups. Table 4.3 outlines clinical variables, BMI and 

waist circumference, in all participants at each time point. No significant 

differences were witnessed between groups. Table 4.4 demonstrates 

routine clinical blood test results, haemoglobin, platelet count and white 

cell count, for all participants. No significant difference was observed 

between groups at each time point. 
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Figure 4.8: Flowchart of ExPeCT participant involvement. 
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Table 4.2: ExPeCT Participant General Characteristics. 

 

 

n=61, as 6 consented participants did not meet inclusion criteria  

 

 

 

 

 

 

  

All cases (n=61) 

 

Exercise 

(n=29) 

 

Control 

(N=32) 

 

p-value 

Age at 

Baseline 

(T0) 

Mean 

Median 

Missing 

69.8 

69 (51-86) 

0 

70.1 

69 (56-86) 

0 

69.6 

69 (51-84) 

0 

0.734 

Time 

Since 

Diagnosis 

(months) 

Mean 

Median 

Missing 

34 

25 (4-128) 

3 

36 

25 (4-120) 

2 

33 

12 (4-128) 

1 

0.976 

 

Gleason 

Score 

6 

7 

8 

9 

Missing 

0 

7 (13.2%) 

20 (37.7%) 

26 (49.1%) 

8 

0 

3 (12.5%) 

11 (45.8%) 

10 (41.7%) 

5 

0 

4 (13.8%) 

9 (31%) 

16 (55.2%) 

3 

0.535 

PSA ( 

ng/mL) 

Baseline 

T0 

Mean 

Median 

 

Missing 

42.6 

1.45 (0.01-116.3) 

 

2 

20.2 

2.32 (0.03-

272) 

0 

64.2 

0.63 (0.01-

1438) 

2 

0.737 

PSA ( 

ng/mL)   

Three 

Months 

(T3) 

Mean 

Median 

 

Missing 

10.4 

0.97 (0.01-116.3) 

 

11 

10.8 

3.5 (0.03-

82.6) 

7 

10 

0.55 (0.01-

116.3) 

4 

0.709 

PSA ( 

ng/mL) 

Six 

Months 

(T6) 

Mean 

Median 

 

Missing 

13.1 

1.91 (0.01-178) 

 

15 

17.8 

5.1 (0.03-

178) 

10 

9.8 

1 (0.01-

97.2) 

5 

0.492 
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Table 4.3: ExPeCT Participant Waist Circumference and BMI. 

 All cases 

(n=61) 

Exercise 

(n=29) 

Control 

(n=32) 

p-

value 

BMI at Baseline 

(T0) 

Mean 

Median 

Missing 

29.2 

28.4 (21-

38.9) 

0 

28.5 

28.1 (21-

38.9) 

0 

29.9 

29 (22.7-

37.3) 

0 

0.165 

BMI at Three 

Months (T3) 

Mean 

Median 

Missing 

29.1 

28.5 

(21.7-

39.1) 

11 

28.5 

28.3 (21.7-

39.1) 

6 

29.6 

28.6 (21.7-

39.1) 

5 

0.271 

BMI at Six 

Months (T6) 

 

Mean 

Median 

Missing 

29.3 

28.9 

(21.7-

39.1) 

14 

28.6 

28.8 (21.7-

39.1) 

7 

29.94 

28.9 (22.1 -

39.1) 

7 

0.199 

Waist 

Circumference 

(cm) Baseline 

(T0) 

Mean 

Median 

 

Missing 

102.3 

101 (72-

126) 

0 

100.5 

100.3 (72-

124) 

0 

104 

101 (80-

126) 

0 

0.387 

Waist 

Circumference 

(cm) Three 

Months (T3) 

Mean 

Median 

Missing 

101.3 

99 (76-

128) 

11 

100.5 

97.25 (76-

120) 

5 

102 

99 (79-128) 

6 

0.681 

Waist 

Circumference 

(cm) Six Months 

(T6) 

Mean 

Median 

Missing 

101.8 

99.8 (76-

128) 

13 

101.3 

95 (76-119) 

7 

102.2 

100 (80-

128) 

6 

0.586 
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Table 4.4 ExPeCT Participant Clinical Blood Measurements. 

 

 All cases 

(n=61) 

Exercise 

(n=29) 

Control 

(n=32) 

p-

value 

Haemoglobin 

(g/L) 

Baseline (T0) 

Mean 

Median 

Missing 

82 

112 (7.1-

112) 

5 

83.3 

118 (10.7-159) 

2 

80.8 

107 (7.1-

150) 

3 

0.419 

Haemoglobin 

(g/L)   Three 

Months (T3) 

Mean 

Median 

 

Missing 

73.2 

107 (10.1-

150) 

11 

69 

15.3 (13.5-

149) 

7 

76.4 

108.5 

(10.4-

150) 

4 

1.000 

Haemoglobin 

(g/L)   Six 

Months (T6) 

Mean 

Median 

 

Missing 

62.8 

1.91 (10.1-

148) 

15 

58.4 

14.5 (10.1-

148) 

10 

65.7 

13.8 

(10.4-

148) 

5 

0.979 

White Cell 

Count 

Baseline 

(cells/cmm3) 

(T0) 

Mean 

Median 

 

Missing 

7.7 

6.6 (2.1-

37.5) 

5 

7.2 

6.7 (4.3-15) 

2 

8.1 

6.1 (2.1-

37.5) 

3 

0.932 

White Cell 

Count Three 

Months 

(cells/cmm3)   

(T3) 

Mean 

Median 

Missing 

6.6 

5.9 (3-17) 

11 

6.5 

6 (3.6-13.7) 

7 

6.6 

5.8 (3-17) 

4 

0.823 

White Cell 

Count Six 

Months 

(cells/cmm3)   

(T6) 

Mean 

Median 

 

Missing 

6.7 

6.3 (3-13.1) 

 

15 

6.7 

6 (3.6-10.4) 

 

10 

6.7 

6.4 (3-

13.1) 

5 

0.794 
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Table 4.4 Continued: ExPeCT Participant Clinical Blood 

Measurements. 

 

  All cases 

(n=61) 

Exercise 

(n=29) 

Control 

(n=32) 

p-value 

Platelet 

Count 

Baseline 

(plat/cmm3)    

(T0) 

Mean 

Median 

 

Missing 

218.5 

204.5 (67-

356) 

5 

226.6 

219 (156-

331) 

2 

210.9 

198 (67-

356) 

3 

0.527 

Platelet 

Count Three 

Months)   

(plat/cmm3)    

(T3) 

Mean 

Median 

 

Missing 

218.4 

212.5 (27-

374) 

11 

217.9 

213.5 (27-

309) 

7 

218.9 

212.5 (136-

374) 

4 

0.681 

Platelet 

Count Six 

Months  

(plat/cmm3)   

(T6) 

Mean 

Median 

 

Missing 

221.7 

211.5 

(136-385) 

15 

225.6 

213 (164-

385) 

10 

218.9 

211 (136-

374) 

5 

0.942 
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4.1.6 Morphological analysis of ExPeCT participant 

ScreenCell® filters 

After ScreenCell filtration, each ExPeCT filter was allowed to dry 

overnight at RT before storage at 4oC until use. All filters were stained 

with MGG for morphological identification and subsequently stored long 

term at -20oC. Imaging and analysis of putative CTCs, platelet cloaking 

and CTC clusters adhered to filters (Figure 4.9) was performed in 

conjunction with pathologists Dr Brian Hayes and Dr Tatjana Vlajnic.  
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Figure 4.9: MGG morphological staining of representative ExPeCT 

filters.  

A) and B) arrows depict large groups of putative CTCs (CTC clusters), 

C) arrows indicate a group of four putative CTCs, D) arrows illustrate a 

large putative CTC with cytoplasm attached, E) and F) arrows depict 

suggested platelet cloaking of CTCs, G) arrows represent platelets 

present as a large group on the filter and H) arrows detail inflammatory 

cells present in a separate plane of focus. All images are at 40X or 100X 

as indicated.  
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4.1.8 Immunohistochemistry on ExPeCT participant filters 

IHC optimised on filters with PrCa cell lines (section 4.1.3), was 

examined on a number of ExPeCT participants’ filters that had confirmed 

presence of CTCs, as examined morphologically by a pathologist. A 

number of markers including EpCAM, cytokeratin and CD45 were tested 

(Figure 4.10). The staining was sub-optimal despite numerous 

optimisation attempts. Internal positive controls present on the filters, e.g. 

CD45+ inflammatory cells, also appeared negative suggesting the filters 

were not conducive to IHC protocols. Multiple different protocols were 

attempted using different techniques, e.g. antigen retrieval in pressure 

cooker vs. microwave, overnight primary incubation vs. 1 hr primary 

incubation, blocking stages over a range of time, however none produced 

reproducible staining. As morphological staining was evident 

microscopically using MGG, CTCs, platelet cloaking and CTC clusters 

were all enumerated in this manner based on classical cytology 

techniques. Enumeration of CTCs from all sites was carried out in 

association with Dr Brian Hayes, who was blinded to the randomised 

nature of each filter. 
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Figure 4.10: IHC optimisation on ExPeCT ScreenCell® filters.  

A) Weakly positive CD45 staining on inflammatory cells. 

B) Weak EPCAM staining on macrophage.  

C) Negative EPCAM IHC staining on ExPeCT participant CTC cluster. 

Arrows depict negative and weakly positive staining.  
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4.1.7 ExPeCT biopsy immunohistochemistry 

A pilot study, using randomly selected ExPeCT participant NCBs, 

investigating the expression of cytokeratin, EpCAM, PSMA, ERG and 

AR, was performed. The aim of the study was to examine expression 

levels of these common PrCa related markers in ExPeCT NCBs and 

compare it to subsequent CTC analysis. Biopsies with sufficient tumour 

tissue were chosen from 8 participants and IHC was carried out (Figure 

4.11). The biopsies were scored in conjunction with Dr Tatjana Vlajnic 

and the resulting scores are outlined in Table. 4.3. Cytokeratin, EpCAM 

and PSMA scoring was marked on levels of positive (pos) staining (levels 

1-3) and ERG and AR staining was marked as positive or negative (neg) 

with heterogeneous (het) staining noted. 

 

 

 

 

 

 

 

 



 

125 
 

 

 

 

 

 

Figure 4.11: IHC staining of ExPeCT NCBs.  

A) Positive ERG staining.  

B) Positive AR staining.  

C) Positive EpCAM staining.  

D) Positive PSMA staining.  

E) Positive cytokeratin staining.   

F) Positive ERG staining.  

Images are at 20X, 40X and 100X as indicated and arrows depict positive 

staining. 
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Table 4.4: IHC scoring of ExPeCT participant NCBs.  

 

Pos – positive, Neg – negative, Het – heterogeneous, NA –insufficient tissue 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ExPeCT 

ID 

 

Cytokeratin  

 

EpCAM  

 

PSMA 

 

ERG 

 

AR 

EXP001 Pos (3) Pos (1-2) Pos (1-2) Pos (het) Pos (het) 

EXP003 Pos (3) Pos (2) Pos (1-3) Neg Pos (het) 

EXP004 Pos (3) Pos (2) Pos (2-3) Neg Pos 

EXP005 Pos (3) Pos (2-3) Pos (1-3) Neg Pos 

EXP006 Pos (3) Pos (1-2) Pos (1-3) NA NA 

EXP007 Pos (2) Pos (2-3) Pos (3) NA NA 

EXP008 Pos (3) Pos (3) Pos (2-3) NA NA 

EXP011 Pos (3) Pos (3) Pos (2-3) Pos (het) Pos (het) 
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4.1.9 CTC Enumeration in ExPeCT participant filters 

4.1.9.1 Estimated CTC counts 

Statistical analysis for ExPeCT participant CTC and platelet cloaking data 

was completed in conjunction with Dr Bryan Stanfill (Study statistician). 

A generalised mixed linear model with a negative binomial response was 

fit to the individual CTC counts with additive effects for time, location and 

a time-by-location interaction. Person random effects were included to 

account for the repeated measures structure of the experiment. Based 

on large differences in CTC number between sites (London n=34, Ireland 

n=27), the two locations were added to the same model, but an 

interaction term between time and location was included so that different 

trends could be captured. Missing data was removed from the datasets 

before analysis meaning it reduced the degrees of freedom in the 

analysis but did not affect the parameter estimates. Estimated individual 

CTC count from a maximum of four ScreenCell® filters per participant at 

each time point was included (Figure 4.12, Tables 4.5a and Table 4.5b). 

There was no significant change in CTC number over time between the 

exercise and control groups (p=0.2360), however decreases and 

increases in CTC number over time were noted within each group, in both 

the Irish and London sites (Table 4.6). Clinical variables, BMI, waist 

circumference, weight, height, PSA, haemoglobin and white cell count 

were added to the model individually to assess any correlation with CTC 

number. Statistical analysis of multiple comparison may have associated 

limitations, including the presence of false positives, which was taken into 

consideration throughout this study.  There was no significant change 

between clinical variables and CTC number between groups over time. 

A positive correlation between white cell count and CTC number was 

observed over time within both the exercise and control groups 

(p=0.0002) (Table 4.7).  
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Figure 4.12: Estimated CTC count over time control vs. exercise, in 

Ireland and London.  

Data graphed as mean ± SD 

Exercise – Ireland n=13, London n=17 

Control – Ireland n=14, London n=17 
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Table 4.5a: Averaged CTC counts for all patients, control and exercise, 

in the Irish sites. A maximum of four filters was averaged per patient (3 

mL whole blood).  

 

Site: Ireland Group Avg CTC Count 
T0 

Avg CTC Count 
T3 

Avg CTC Count 
T6 

EXP001 Exercise 3 7.3 15 

EXP002 Control 11 6.67 8.25 

EXP003 Control 4 5.67 No Sample 

EXP004 Exercise 25.5 10.75 1.75 

EXP005 Exercise 7 4 4.75 

EXP006 Control 20.3 1.25 18.3 

EXP007 Control 28.75 14.75 22.5 

EXP008 Control 21 9 6.75 

EXP009 Exercise 13.75 4.75 9 

EXP010 Control 3 4 No sample 

EXP011 Exercise 15.25 4 12.75 

EXP012 Withdrew Withdrew Withdrew Withdrew 

EXP013 Exercise 18.25 17.25 10 

EXP014 Exercise 16 12 16.25 

EXP015 Control 41.75 31.75 50 

EXP016 Exercise 13.5 13.3 16 

EXP017 Control 8 6.3 7.3 

EXP018 Control 13 14.25 6 

EXP019 Control 29.5 40.5 30.75 

EXP020 Control 87.67 No sample 33 

EXP021 Excluded Excluded Excluded Excluded 

EXP022 Exercise 53 24 15.3 

Exp023 Excluded Excluded Excluded Excluded 

EXP024 Control 38.3 20 22 

EXP025 Exercise 16.3 12.67 12.3 

EXP026 Exercise 50.3 55 33.3 

EXP027 Control 14.3 4 14.67 

EXP028 Control 23.3 4.3 27.3 

EXP029 Exercise 14.3 21.3 11.3 

EXP030 Exercise 16 8.7 25 
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Table 4.5b: Averaged CTC counts for all patients, control and exercise, 

in the London site. A maximum of four filters was averaged per patient (3 

mL whole blood).  

 

Site: London Group Avg CTC 
Count T0 

Avg CTC Count 
T3 

Avg CTC Count 
T6 

G001 Control 1 RIP RIP 

G002 Control 0 (1 filter) 8.75 0.5 

G003 Exercise 8.75 18.75 11.5 

G004 Control 15.25 33.75 30 

G005 Exercise 8 4.25 13.5 

G006 Control 3.25 4.5 5.5 

G007 Exercise 10.25 19.25 15 

G008 Exercise 13.25 15.25 27.25 

G009 Control 8 3.75 1.5 

G010 Control 0.67 0.75 2 

G011 Excluded Excluded Excluded Excluded 

G012 Exercise 16 19.5 Withdrew 

G013 Exercise 13.25 6.5 Withdrew 

G014 Exercise 22.3 9.25 5.5 

G015 Control 10.25 7.75 3.75 

G016 Control 33.75 26 17.75 

G017 Control 18 5.75 19.5 

G018 Excluded Excluded Excluded Excluded 

G019 Exercise 31.25 1.5 20.75 

G020 Control 10.67 Withdrew Withdrew 

G021 Exercise 5.5 Withdrew Withdrew 

G022 Control 7.5 11.6 12 

G023 Control 4.25 10.5 4 

G024 Exercise 8.25 Withdrew Withdrew 

G025 Control 14.75 8.5 23 

G026 Exercise 27.25 27 33.25 

G027 Exercise 2.25 Withdrew Withdrew 

G028 Control 9.5 Withdrew Withdrew 

G029 Exercise 19 Withdrew Withdrew 

G030 Exercise 20 58.5 11.67 

G031 Control 9 8.5 7.25 

G032 Excluded Excluded Excluded Excluded 

G033 Exercise 10.25 9.25 3.3 

G034 Control 10.75 26.5 13.5 

G035 Control 29.25 9.25 7.75 

G036 Exercise 11 13.75 7.75 

G037 Exercise 15.5 Withdrew Withdrew 
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Table 4.6: Difference in CTC count over time control vs. exercise, in 

Ireland and London. An interaction term between time and location was 

included so that different trends between the Irish and London sites could 

be captured. Change in CTC number over time was compared between 

group, control and exercise, and within group. CTC number was 

compared at each time point.  

 

 

 

 

 

 

 

 

 

 

 

 Estimate SD z_value p_value 

Exercise-

Control 

0.1935 0.1729 1.1193 0.2630 

Time 3-Time 

0, Dublin 

-0.4938 0.0949 -5.2053 0.0000 

Time 6-Time 

0, Dublin 

-0.3097 0.0950 -3.2592 0.0011 

Time 6-Time 

3, Dublin 

0.1841 0.0981 1.8773 0.0605 

Time 3-Time 

0, London 

-0.5722 0.1902 -3.0092 0.0026 

Time 6-Time 

0, London 

-0.6897 0.1919 -3.5932 0.0003 

Time 6-Time 

3, London 

-0.6837 0.2091 -3.2692 0.0011 
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Table 4.7: Correlation between estimated CTC number and clinical 

measurements. CTC number was compared to clinical variables of 

interest, and correlations assessed both between group, control and 

exercise, and within group.  

  

 Estimate SD z-value p-value 

BMI -0.0190 0.0847 -0.2241 0.8227 

Weight 0.0778 0.0840 0.9263 0.3543 

Height -0.0055 0.0638 -0.0870 0.9307 

Hb 0.2348 0.1836 1.2791 0.2009 

WCC 0.1613 0.0428 3.7721 0.0002 

PSA -0.0760 0.0491 -1.5468 0.1219 

WCir 0.0167 0.0674 0.2470 0.8049 

 

 

 

4.1.9.2 Average CTC number per 3 mL blood 

An average number of CTCs per 3 mL blood was estimated for each 

ExPeCT participant in addition to the estimated CTC count. All variables 

were measured in the same manner as per section 4.1.9.1. The same 

trend in CTC number over time between groups, in the Irish sites and 

London site, was evident as per the estimated CTC count (Figure 4.13). 

There was no significant change in CTC number over time between 

groups, in either the Irish or London sites (p=0.8010), however significant 

decreases and increases were noted within group in both sites (Table 

4.8). As with the estimated CTC count, when clinical variables were 

added to the model there was no significant correlation between groups. 

However, within both groups, a positive correlation was identified 

between CTCs and white cell count (p<0.0000) (Table 4. 9). 
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Figure 4.13:  Average CTC count in 3 mL blood over time, exercise vs. 

control, at Irish and London sites.  

Data graphed as mean ± SD 

Exercise – Ireland n=13, London n=17 

Control – Ireland n=14, London n=17 
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Table 4.8: Changes in CTC number over time, control and exercise, 

Ireland and London. Change in CTC number over time was compared 

between group, control and exercise, and within. CTC number was 

compared at each time point.  

 

 Estimate SD z_value p_value 

Exercise-

Control 

0.6975 2.7671 0.2521 0.8010 

Time 3-Time 0, 

Dublin 

-7.5993 2.3815 -3.1909 0.0014 

Time 6-Time 0, 

Dublin 

-6.0952 2.4140 -2.5249 0.0116 

Time 6-Time 3, 

Dublin 

1.5041 2.4140 0.6231 0.5332 

Time 3-Time 0, 

London 

-8.8821 3.4260 -2.5926 0.0095 

Time 6-Time 0, 

London 

-10.6626 3.4720 -3.0710 0.0021 

Time 6-Time 3, 

London 

-11.6606 4.0781 -2.8593 0.0042 
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Table 4.9: Correlation between average CTC number in 3 mL blood and 

clinical variables. CTC number was compared to clinical variables of 

interest, and correlation assessed both between group, control and 

exercise, and within group. 

 

 Estimate SD z_value p_value 

BMI 0.0066 1.5772 0.0042 0.9967 

Weight 0.9746 1.5192 0.6415 0.5212 

Height -1.1135 1.2275 -0.9071 0.3643 

Hb -1.0644 4.0998 -0.2596 0.7951 

WCC 6.2496 1.0595 5.8985 0.0000 

PSA -1.0302 1.1805 -0.8727 0.3828 

WCir 1.1037 1.4496 0.7614 0.4464 

 

 

4.1.10 Platelet cloaking in ExPeCT trial participants 

Platelet cloaking was enumerated in all sites by pathologist Dr Brian 

Hayes using recognised clinical cytology criteria. This was based on the 

presence/absence of platelets adhered to identified CTCs. Platelet 

cloaking was modelled using logistic regression, as a binary response 

(presence/absence), which estimated the probability that an individual in 

each group (exercise/control) at each time point will give a blood sample 

with platelet cloaking. The presence of platelet cloaking, over time, was 

assessed in both groups (Figure 4.14). A trend towards an increase in 

platelet cloaking in the control group over time (p=0.1005) was observed 

(Table 4.10). Clinical variables were added to the model one at a time, to 

test for any association with platelet cloaking. There was no significant 

correlation between clinical variables and platelet cloaking noted (Table 

4.11).  

 

 

 

 



 

136 
 

 

 

 

 

 

 

Figure 4.14: Platelet cloaking over time, exercise vs. control in all 

ExPeCT participants. 

Data graphed as presence/absence using binary variables (maximum of 

4 filters per patient). 
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Table 4.10: Changes in platelet cloaking over time in ExPeCT exercise 

and control groups. 

 

 Estimates SD z_value p_value 

Exercise-

Control 

-1.0986 0.6689 -1.6424 0.1005 

Time 3-Time 

0 

0.3605 0.6197 0.5817 0.5607 

Time 6-Time 

0 

0.5976 0.6134 0.9743 0.3299 

Time 6-Time 

3 

0.2370 0.6031 0.3931 0.6943 

 
 
 

Table 4.11: Correlation between platelet cloaking and clinical variables. 

 
 

 Estimates SD z_value p_value 

BMI 0.3362 0.2897 1.1606 0.2458 

Weight -0.0828 0.3150 -0.2629 0.7926 

Height -0.2373 0.2320 -1.0227 0.3064 

Hb -0.1859 0.3579 -0.5194 0.6035 

WCC -0.5642 0.5557 -1.0153 0.3100 

PSA 0.0729 0.2400 0.3036 0.7615 

WCir 0.1760 0.3003 0.5862 0.5577 
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4.1.11 CTC clusters in ExPeCT trial participants 

CTC clusters were assessed in the same manner as platelet cloaking, in 

that the data was modelled using logistic regression, as a binary 

response (presence/absence), which estimated the probability that an 

individual in each group (exercise/control) at each time point will give a 

blood sample with the presence of a CTC cluster. The difference in the 

presence of CTC clusters over time was analysed in each group over 

time (Figure 4.15). There was no significant difference in the presence of 

CTC clusters over time between groups, however a decrease in the 

number of CTC clusters within group was observed (p=0.1663) (Table 

4.12). As with the platelet cloaking model, clinical variables were added 

one at a time to test for any correlation with CTC clusters. A positive 

correlation between CTC cluster and PSA was noted within groups 

(p=0.0393) (Table 4.13).   
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Figure 4.15: CTC cluster presence over time, exercise and control. 
 
 

Data graphed as presence/absence using binary variables (maximum of 

4 filters per patient). 
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Table 4.12: Presence of CTC cluster over time, control and exercise. 
 
 

 Estimates SD z_value p_value 

Exercise-

Control 

-0.3477 0.5914 -0.5879 0.5566 

Time 3-Time 

0 

-0.8125 0.5870 -1.3842 0.1663 

Time 6-Time 

0 

-0.5043 0.5678 -0.8881 0.3745 

Time 6-Time 

3 

0.3083 0.6451 0.4779 0.6327 

 
 
 

Table 4.13: Correlation between CTC cluster and clinical variables. 
 

 Estimates SD z_value p_value 

BMI -0.3565 0.2907 -1.2261 0.2202 

Weight -0.3410 0.2847 -1.1975 0.2311 

Height -0.4179 0.2993 -1.3960 0.1627 

Hb 0.4398 0.3351 1.3123 0.1894 

WCC -0.2158 0.3594 -0.6004 0.5483 

PSA 1.5848 0.7690 2.0607 0.0393 

WCir -0.4442 0.2863 -1.5514 0.1208 
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4.1.12 BMI, CTCs, platelet cloaking and clinical variables in 

ExPeCT trial participants 

At baseline (T0), all ExPeCT participants were divided into two groups 

based on their BMI, irrespective of their randomised trial arm. The two 

groups were based on normal weight (BMI < 25) and overweight or obese 

(BMI ≥ 25). Fifty participants were part of the BMI ≥ 25 group, while 11 

participants were part of the BMI < 25 group. The mean number of CTCs 

at baseline was compared between groups and no significant difference 

was noted (p=0.88) (Table 4.14). In addition to CTCs, the presence of 

platelet cloaking was also compared between BMI groups, with no 

significant differences noted (p=0.785) (Table 4.15). A linear regression 

model was fitted to correlated baseline clinical variables within BMI 

group. A significant correlation was found between haemoglobin and BMI 

≥ 25, with high BMI being associated with a decrease in haemoglobin 

levels (p=0.022) (Table 4.16). Additionally, a significant relationship 

between WCC and BMI was noted, with high BMI associated with an 

increase in WCC (p<0.000).  

 

 

Table 4.14: Correlation between CTCs and BMI. 

 Mean Std Dev p-value 

High BMI (≥ 25) 16.347 15.693 0.88 

Low BMI (< 25) 15.455 10.912 

 

 

Table 4.15: Correlation bewteen presence of platelet cloaking and BMI. 

 Probability of Platelet 

Cloaking 

p-value 

High BMI (≥25) 0.120 0.785 

Low BMI (<25) 0.091 
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Table 4.16: Correlation between BMI < 25, BMI ≥ 25 and clinical 

variables. 

 

 

BMI Group 

 

Variable 

 

Mean 

 

Std. Dev. 

 

Reg. 

Parameter 

 

p-value 

Low BMI BMI 22.818 1.181 -2.939 0.423 

High BMI BMI 30.476 3.722 1.093 0.634 

Low BMI Hb 74.278 58.192 0.896 0.835 

High BMI Hb 85.061 59.980 -5.325 0.022 

Low BMI Height 175.609 8.551 4.127 0.251 

High BMI Height 167.805 25.550 -2.437 0.287 

Low BMI PSA 18.492 32.129 -3.463 0.352 

High BMI PSA 48.416 210.781 -2.118 0.357 

Low BMI Waist.Cir. 86.636 8.358 4.162 0.247 

High BMI Waist.Cir. 105.431 11.259 2.619 0.261 

Low BMI WCC 7.644 3.069 0.557 0.897 

High BMI WCC 7.757 5.325 10.629 0.000 

Low BMI Weight 69.630 6.642 2.751 0.506 

High BMI Weight 89.389 12.007 0.828 0.719 
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4.2 Discussion  

The aim of this chapter was to assess the role of CTCs and platelet 

cloaking in men with metastatic PrCa, focussing on the implications 

posed in terms of clinical and prognostic significance and examining the 

effect of a structured exercise intervention. To investigate this, a series 

of in vitro experiments were conducted, alongside a clinical trial, ExPeCT, 

which aimed to assess CTCs in this population as a primary endpoint.  

The first step was to determine the best method for isolation and 

enumeration of CTCs.  An EpCAM based isolation technique, which 

employs immunomagnetic beads coated in an EpCAM antibody, Isoflux, 

was compared to a size based filtration method, ScreenCell®. Size 

based filtration methods work on the basis that CTCs are large enough 

not to pass through filter pores, while other blood cells will flow through 

into waste collection. ScreenCell® demonstrated a better capture 

efficiency rate (80%) after cell spiking experiments, in comparison to 

Isoflux (74%). To eradicate bias, an EpCAM positive cell line was chosen 

for these experiments, however, the size based platform performed at a 

more efficient rate. As outlined previously, the ‘gold standard’ or only FDA 

approved method for CTC isolation, CellSearch® an EpCAM based 

detection method, does not capture CTCs which may have undergone 

EMT, leading to inaccurate CTC isolation counts  Comparison of 

platforms in renal cell carcinoma determined inferior recovery of CTCs in 

EpCAM dependant platforms than non-EpCAM specific platforms, 

highlighting the heterogeneous expression of CTCs (Maertens et al., 

2017). Furthermore, comparisons between CellSearch® (EpCAM based) 

and ISET (size based) technologies in metastatic lung, breast and 

prostate cancers, highlighted limitations associated with utilising EpCAM 

as a sole marker for CTC isolation (Farace et al., 2011). CTCs may hold 

relevant biological information into the metastatic spread of prostate 

cancer, thus it is imperative that the most efficient method is utilised. In 

spite of multiple challenges associated with the isolation and positive 

identification of CTCs, based on these results and the current literature, 

size based detection may be preferable in metastatic PrCa.  
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Once captured, identification of potential CTCs was performed 

with MGG, which effectively demonstrated the distinct morphology of 

CTCs. Additional analysis, to identify markers expressed by CTCs, is 

commonly accepted as the next stage in positive CTC identification (Lu 

et al., 2016).  A number of markers, known to be associated with PrCa 

(ERG, PSMA and AR) were optimised in addition to widely used CTCs 

markers (CD45, cytokeratin and EpCAM). Staining was effective when 

optimised on FFPE sections and PrCa cell lines, however difficulties 

arose when IHC was performed on ScreenCell® filters. In spite of 

optimisation and different methods, not all markers produced 

reproducible staining on PrCa cell lines, with positive internal controls 

also demonstrating negative staining. This effect was also witnessed in 

a panel of ExPeCT participant filters, with poor quality IHC staining 

observed. The poor reproducibility of the staining may be due to the filters 

not being conducive to the chemistry involved in IHC. Alternative 

methods for additional marker staining, including fluorescent in situ 

hybridisation and immunofluorescence, have been described as effective 

when utilised on ScreenCell® filters (Yanagita et al., 2018, Nicolazzo et 

al., 2017). These protocols may provide secondary options for further 

positive identification of CTCs in metastatic PrCa in future studies, 

however they were beyond the scope of this project. Therefore, 

morphological identification, based on clinical cytology protocols, was 

identified as acceptable by two independent pathologists.  

Platelet cloaking of prostate cells was analysed using platelets 

applicable for research purposes. A range of times were assessed for the 

optimum time to cloaking, with platelets adhering to cells after an 

incubation period in whole blood of 45 min. This suggests an interaction 

between cells and the platelets, allowing time for platelets to locate the 

cells and adhere to them. The level of platelet cloaking was ascertained 

between normal and tumour prostate cells, with platelets found to be 

more likely to adhere to tumour cells. Some platelet cloaking was 

apparent in normal cells, which may be due to the presence of general 

cell surface markers that may attract platelets. When CTCs are released 

into the bloodstream, they secrete factors, such as tumour associated 
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proteinases or thrombin, which can promote the onset of tumour cell 

induced platelet aggregation (Lou et al., 2015), and may provide an 

explanation for the trend in platelet cloaking observed between normal 

and tumour cells. These data are promising as it is the first time platelet 

cloaking has been determined in prostate cell line studies. Future 

experiments, investigating the effect of aspirin on platelet cloaking in 

these cells may provide further insight into the tumour cell/platelet 

relationship.  

The primary endpoint of the ExPeCT trial was to determine the 

impact of a structured exercise intervention on CTCs and platelet 

cloaking in a population of men with metastatic PrCa. A total of 67 

participants were consented for the trial, with 61 participants completing 

baseline analysis. Participants were randomised into either the control or 

exercise group and assessed over a period of six months. General 

baseline characteristics were compared between groups. There was no 

significant difference between exercise and control groups in terms of 

age, time since diagnosis and Gleason score, suggesting a reflective 

profile of the general population in terms of metastatic PrCa. Routine 

clinical blood data was also captured over time and no significant 

difference was observed between exercise and control groups at each 

time point. This outcome was mirrored in the clinical variables, BMI and 

waist circumference, no significant differences between groups at each 

time point. The lack of difference observed over time in the exercise 

group in terms of BMI and waist circumference may suggest the need for 

a prolonged period of exercise, with an increased rate of intensity. 

Additionally, although BMI is an accepted clinical marker, it may be a 

flawed approach for measuring weight post exercise intervention. Future 

studies including technology, such as CT or DEXA scans, measuring 

total body fat composition, may provide more accurate information   

Morphological analysis of ExPeCT participant filters demonstrated 

evidence of CTCs present on ScreenCell® filters. The presence of large, 

irregular shaped nuclei without any attached cytoplasm was present on 

multiple filters, indicating that the cytoplasm may have been sheared or 

lost, during the filtration process. This result highlights the need for further 
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identification protocols such as nuclear markers, to positively identify 

putative CTCs without cytoplasm. In addition to single CTCs (with and 

without cytoplasm), CTC clusters and platelet cloaking were also 

identified on participant filters. The levels of platelet cloaking were low, 

which may not be a true reflection of the metastatic profile. The 

aforementioned processing related shearing of cytoplasm, may have 

contributed to low numbers of platelet cloaking, as the platelet cloaking 

was exclusively observed adhered to CTC cytoplasm. A pilot study, 

utilising 8 randomly chosen participant NCBs, was undertaken with the 

aim of assessing any biological changes in disease progression, from 

diagnostic biopsy to CTC.  All 8 participants were cytokeratin, EpCAM 

and PSMA positive, with heterogeneous AR and ERG expression noted. 

However, as discussed previously, reproducible IHC staining was not 

possible with the ScreenCell® filters, hence, the expression profile 

generated from the diagnostic NCBs could not be identified on CTCs. 

Future studies which incorporate the optimisation of additional protocols 

for CTC marker expression, such as ERG and AR, may allow for a NCB 

and CTC comparison study which may provide further insights into 

metastatic tumour biology.  

To determine statistically significant differences between the 

exercise and control groups, CTC enumeration was compared between 

both groups over time. CTC numbers were compared as estimated CTC 

counts and as the average number of CTCs per 3 mL blood, with similar 

results observed. The location effect, produced large differences and 

subsequently the model was divided based on site specific data. 

Differences between baseline characteristics, BMI, waist circumference 

and age, were assessed between sites based on the location effect, 

however no statistically significant differences were determined. This 

suggests that the two cohorts were of similar profile upon recruitment. All 

filters were assessed utilising the same isolation protocol and were 

analysed under strict criteria by the same independent pathologist. 

Systemic treatment was not an inclusion criteria for the trial and may 

provide insight into the large differences in CT number observed between 
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locations. It may also be possible that site specific factors, such as 

lifestyle and socio-economic status, may have had a role to play.  

In both analyses, no significant difference in CTC number was 

noted between exercise and control groups over time. Interestingly, 

significant changes were detected within both groups. In the Irish sites 

(n=27), there was a significant decrease in the number of CTCs in both 

the control and exercise arms between T0 and T3, with a significant 

increase in CTC number within group observed for T3 to T6. The London 

site (n=34), experienced different effects based on the method of 

analysis, with CTC number decreasing and increasing significantly within 

group over time. The significant alterations in CTC number may be due 

in part to the systemic therapy of each participant. Specific therapeutic 

use was not an exclusion criteria for ExPeCT, with participants 

undergoing a wide range of treatment, including ADT, chemotherapy and 

second generation anti-androgens. Thus the changes in CTC numbers 

may be due in part to the evolution of therapy or the eventual onset of 

treatment resistance that occurs over time. CTC number has previously 

been correlated with overall survival in patients with metastatic PrCa (De 

Laere et al., 2018), hence investigation into treatment outcome, is an 

approach that warrants further consideration. Additionally, although the 

impact of exercise was not significant in this instance, larger scale studies 

which include the use of resistance training and the possibility of longer 

interventions, may allow for further understanding of the impact of 

exercise.  

CTC number was correlated with multiple clinical parameters to 

determine any significance with disease outcomes. A significant positive 

correlation between white cell count and CTC number was identified, 

regardless of location effect. This relationship has not been previously 

documented in the literature and may signify crosstalk between CTCs 

and immune cells. CTC counts have previously been compared to clinical 

variables to assess the impact on overall survival for patients with 

metastatic PrCa, with significant correlations established between CTC 

numbers, PSA levels and haemoglobin status (Olmos et al., 2009). 

These findings were not observed in the current study and larger scale 
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studies, designed to assess CTC number and white cell count, are 

required to gain further insight into this proposed relationship.  

In addition to CTC number, the presence or absence of platelet 

cloaking and CTC clusters was determined across all ExPeCT 

participants. A decrease in CTC cluster number from T0-T3, followed by 

an increase from T3-T6, was in accordance with trends witnessed in 

single CTC number estimates. However, these values did not reach 

statistical significance. CTC cluster number was significantly correlated 

with PSA, suggesting a link with a more aggressive disease state. CTC 

number and high PSA levels have previously been associated with worse 

outcomes in patients with metastatic PrCa (Goldkorn et al., 2014). A 

trend associated with platelet cloaking was discernible. The exercise 

intervention did not have a significant impact on the presence of platelet 

cloaking over time, however the likelihood of platelet cloaking being 

present was greater within the control group. Platelet cloaking and clinical 

data were correlated; however, no significant relationships were 

observed. The hypothesis of platelet cloaking is a novel area of research 

that is emerging as a significant factor in aiding the extravasation of CTCs 

to distal organs. The analysis of platelet cloaking of CTCs in metastatic 

PrCa has been assessed in this study for the first time and may contribute 

to the understanding of platelet tumour cell interactions. 

Obesity in advanced PrCa is correlated with worse outcomes 

(Efstathiou et al., 2007). Based on this, ExPeCT participants were divided 

depending on their BMI and their BMI status compared to clinical 

variables and CTC counts. No significant differences were observed 

between the low and high BMI groups, in terms of platelet cloaking and 

CTC number. CTC number and BMI has previously been investigated in 

breast cancer, with BMI not independently associated with CTC number 

(Fayanju, 2017). Clinical variables were also compared with BMI group. 

A significant association was noted between high BMI and haemoglobin 

levels, as well as a significant relationship between high BMI and white 

cell count. These findings may signify a role between obesity and blood 

cells, which when combined with the relationship between CTCs and 

white cell count, may suggest a synergistic role in advanced disease. 
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Notably, the number of participants who were classed as low BMI (normal 

weight BMI < 25) was small, with only 11 participants eligible for this 

classification. The low number of patients present within the normal 

weight group, may be a factor impacting the study. These numbers are 

likely reflective of this population, as 3 in 4 adults over 50 in Ireland are 

classed as obese (DOH, 2016), in addition to the prevalence of central 

adiposity as a common side effect of ADT (Crawford and Moul, 2015).  

A limitation of this research is the number of patients accrued. 

ExPeCT was initially powered based on the primary endpoint of CTCs 

and platelet cloaking for a total of 200 participants. To address this, the 

ExPeCT research team completed ethical applications to open the trial 

in four additional Irish sites. Reasons for the low number of patients 

recruited to ExPeCT included the advancing age of patients with 

metastatic PrCa, co-morbidities that rule out the ability to partake safely 

in an exercise intervention, living far away from the hospital site and the 

possibility of additional hospital appointments. These are similar reasons 

to those reported in previous clinical trials. However, ExPeCT was the 

first trial of its kind in Ireland for patients with metastatic PrCa. Adherence 

rates were high, especially within the Irish cohort, and the structured 

intervention was tailored to each individual’s abilities. The CTC and 

platelet cloaking data from this endpoint of the trial is promising, and may 

provide an insight into the metastatic cascade and the nature of 

aggressive disease in this population of men.  
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5.1: Introduction 

As outlined previously, obesity and MetS may have a role to play 

in aggressive PrCa (Grotta et al., 2015). This is strengthened by results 

from the REDUCE study, a clinical trial for men with PrCa (n=6427), 

which noted an association between obesity and greater risk of high-

grade PrCa (Vidal et al., 2014). In other studies, obese patients displayed 

significantly lower serum adiponectin levels and higher serum leptin 

levels, with leptin further correlated to the likelihood of disease 

progression (Kang et al., 2018).  A recent meta-analysis, determined 

polymorphisms and genetic variants within adiponectin and leptin and 

their related receptors, were linked with PrCa progression (Hu et al., 

2016). Thus, these adipokines may hold particular relevance in patients 

with metastatic PrCa (Table 5.2).  

Resistin is a novel adipokine, with in vitro studies demonstrating a 

link between high resistin and cell proliferation (Table 5.2) (Kim et al., 

2011). Links between resistin and inflammation have also been 

established. Treatment with resistin in isolated human mononuclear cells 

can stimulate production of TNFα and IL-6, suggesting a role for resistin 

in the modulation of chronic systemic inflammation (Tsiotra et al., 2013). 

In addition, resistin levels are markedly increased in patients with MetS 

when compared to those without (Malo et al., 2011), postulating a role 

between resistin and the development of MetS. Hyperinsulinemia, 

elevated insulin levels associated with insulin resistance, is strongly 

linked with MetS and cancer (Orgel and Mittelman, 2013). Circulating C-

peptide levels are considered an appropriate marker for hyperinsulinemia 

(Jones and Hattersley, 2013). While investigation into the relationship 

between C-peptide and cancer has been ongoing for several years, 

conflicting reports exist on the association between C-peptide and PrCa. 

Di Sebastiano et al. identified a significant link between high Gleason 

score and C-peptide level (Di Sebastiano et al., 2017), however, analysis 

of data obtained from the HPFS, determined no correlation between C-

peptide levels and risk of PrCa (Lai et al., 2014). This highlights the need 

for further investigation into C-peptide in patients with PrCa (Table 5.2).  
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Table 5.1: Analytes for the assessment of insulin secretion and adipokine 

status in ExPeCT trial participants.  

All analytes were assessed in serum, with the exception of C-peptide, which was 

assessed in plasma. 

 

Multiple studies have investigated the relationship between 

physical activity and cancer (Shephard, 2017). The impact of physical 

activity on obesity and C-peptide in cancer survivors has been 

investigated, with physical activity impacting circulating levels (Irwin et 

al., 2005). Based on the evidence in the literature, ExPeCT aimed to 

assess the impact of an exercise intervention on adipokine status and 

insulin secretion in patients with metastatic PrCa (Figure 5.1). The 

specific aims for this chapter were to assess changes between exercise 

and control groups over time in terms of a) adipokine expression profiles, 

b) C-peptide levels as a surrogate marker of insulin secretion levels and 

c) to correlate clinical data, CTCs and platelet cloaking with insulin 

secretion and adipokine status.  

  

Analyte of 

Interest 

 

Link to PrCa 

 

 

Insulin 

Secretion 

 

C-peptide 

Conflicting evidence of role in PrCa (Di 

Sebastiano et al., 2017, Lai et al., 

2014) 

 

 

 

 

Adipokine 

 

Adiponectin 

Decreased proliferation in vitro in PrCa 

cell lines 

(Gao and Zheng, 2014) 

 

Leptin 

Increased PrCa aggressiveness 

(Lopez Fontana et al., 2011) 

 

Resistin 

Elevated proliferation in vitro in PrCa 

cell lines (Kim et al., 2011) 
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Figure 5.1: Image outlines adipokine and insulin secretion assessment 

in ExPeCT trial participants.  
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5.1 Results 

5.1.1 ExPeCT trial participants 

The number of participant serum/plasma samples included in this 

analysis is outlined in Figure 5.2. Reasons for the exclusion of samples 

included an insufficient volume of sample, consent withdrawal and death.  

 

 

 

Figure 5.2: Flowchart outlining ExPeCT participant serum and plasma 

samples for analysis.  

 

ExPeCT Trial 
Participants (n=61)

Exercise T0 samples 
included (n=26)

Exercise T3 samples 
included (n=25)

Exercise T6 samples 
included (n=22)

Control T0 samples 
included (n=30)

Control T3 samples 
included (n=28) 

Control T6 samples 
included (n=25)
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5.1.2 Adipokine expression and insulin secretion in ExPeCT 

participants 

Statistical analysis was performed in conjunction with Dr Bryan Stanfill 

(Study statistician). Data was transformed on the log base 2 scale and 

analysed using a linear mixed model with Gaussian response and 

graphed on the normal scale. Clinical variables were added to the model 

one at a time to test for any correlation with the analyte of interest. A 

summary of significant correlations is outlined in Table 5.2. 

 

Table 5.2: Summary of significant findings between adipokines, C-

peptide and clinical variables 

Analyte Clinical variable p-value 

 

Adiponectin 

CTCs 0.0400 

BMI 0.0109 

Weight 0.0049 

Waist Circ 0.0079 

 

Leptin 

BMI 0.0001 

Weight 0.0000 

WCC 0.0491 

Exercise-Hb 0.0002 

 

Resistin 

CTCs 0.0000 

Platelet Cloaking 0.0004 

Height 0.0139 

WCC 0.0000 

 

C-peptide 

CTCs 0.0384 

Platelet cloaking 0.0229 

Weight 0.0336 
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5.1.3 Adipokine status in ExPeCT trial participants 

5.1.3.1 Adiponectin 

Changes in adiponectin concentration over time is outlined in Figure 5.3. 

There was no significant change in adiponectin concentration (p=0.3449) 

over time (T0-T3, T3-T6, T0-T6), between the exercise and control 

groups. However, a significant increase in concentration (p=0.0234) was 

noted within both groups over time (T0-T6) (Table 5.3). 
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Figure 5.3: Adiponectin concentration over time in ExPeCT trial 

participants.  

Data graphed as mean ± SEM. Control n=30, exercise n=25. 

(Data range; exercise T0 3694.2-57081.8 ng/mL, control T0 2406.3–

85285.7 ng/mL, exercise T3 2736.1-56412.4 ng/mL, control T3 4986.4-

55640.8 ng/mL, exercise T6 3974.8-55104 ng/mL and control T6 4325.7-

68478.5 ng/mL).   
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Table 5.3: Changes in adiponectin expression over time, within and 

between, ExPeCT control and exercise groups. 

 Estimate SD z Value p Value 

Exercise-

Control 

-0.2978 0.3153 -0.9446 0.3449 

T3-T0 0.1187 0.0942 1.2605 0.2075 

T6-T0 0.2205 0.0973 2.2667 0.0234 

T6-T3 0.1018 0.0982 1.0369 0.2998 

 

An inverse association between adiponectin and CTC count (p=0.0400) 

was present in both groups (Table 5.4).  

 

Table 5.4: Association between CTC number, platelet cloaking presence 

and adiponectin expression. 

 

In addition to CTCs and platelet cloaking, BMI, weight, height, 

haemoglobin (hb), white cell count (WCC), PSA and waist circumference 

(Waist Circ) were added to the model. No significant changes were noted 

between groups over time. An inverse association between adiponectin 

 Estimate SD z Value p Value 

     

Average CTCs -0.0105 0.0051 -2.0534 0.0400 

Control - Cloaking -0.1817 0.1805 -1.0067 0.3141 

Exercise - Cloaking 0.3952 0.2287 1.7280 0.0840 
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and BMI (p=0.0109), weight (p=0.0049) and waist circumference 

(p=0.0079) was identified within each group (Table 5.5).  

 

Table 5.5: Correlation between adiponectin expression within groups 

over time and clinical variables. 

 Estimate SD z value p value 

BMI -0.3557 0.1398 -2.5448 0.0109 

Weight -0.3952 0.1404 -2.8139 0.0049 

Height -0.0355 0.1529 -0.2318 0.8167 

Hb 0.2038 0.1319 1.5448 0.1224 

WCC -0.1243 0.0681 -1.8239 0.0682 

PSA 0.0528 0.0987 0.5344 0.5931 

Waist Circ -0.2745 0.1033 -2.6574 0.0079 
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5.3.2 Leptin 

Changes in leptin concentration over time is outlined in Figure 5.4. There 

was no significant change in leptin expression between groups 

(p=0.9285) over time. Additionally, no significant change in leptin 

expression was noted within groups over time (Table 5.6).  

 

 

 

T
0

T
3

T
6

0

2 0 0 0 0

4 0 0 0 0

6 0 0 0 0

8 0 0 0 0

L e p t in

T im e  P o in t

p
g

/m
L

E x e rc is e  G ro u p

C o n tro l G ro u p

 

 

Figure 5.4: Leptin expression over time in ExPeCT trial participants.  

Data graphed as mean ± SEM. Control n=26, exercise n=25. 

(Data range; exercise T0 404-230427.25 pg/mL, control T0 1711.6-

255958.1 pg/mL, exercise T3 311-160894.7 pg/mL, control T3 4069.3-

1933521.1 pg/mL, exercise T6 474.1-339346 pg/mL and control T6 

5138.4-113161.5 pg/mL).   
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Table 5.6: Changes in leptin expression over time, within and between, 

ExPeCT control and exercise groups. 

 Estimate SD z Value p Value 

Exercise-

Control 

-0.0452 0.5042 -0.0897 0.9285 

T3-T0 0.0222 0.1145 0.1942 0.8461 

T6-T0 -0.1344 0.1207 -1.1134 0.2655 

T6-T3 -0.1566 0.1218 -1.2854 0.1986 

 

 

No significant differences were noted in CTC number or platelet cloaking 

when correlated with leptin expression, both within and between groups 

(Table 5.7).  

 

Table 5.7:  Correlation between CTC number, platelet cloaking and leptin 

expression. 

 Estimate SD z Value p Value 

Control – Avg CTCs -0.0146 0.0089 -1.6305 0.1030 

 

Exercise – Avg 

CTCS 

 

0.0125 

 

0.0087 

 

1.4330 

 

0.1519 

Platelet Cloaking -0.1920 0.1705 -1.1256 0.2603 
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An increase in both weight and BMI were positively correlated with leptin 

expression (p=0.0001, p=0.0000 respectively) within each group. An 

inverse correlation between leptin and white cell count was also observed 

(p=0.0491). A significant difference was noted between the exercise and 

control groups over time. A positive correlation between leptin and 

haemoglobin was observed within the exercise group (p=0.0002), 

however no association was observed in the control group (Table 5.8). 

  

Table 5.8: Clinical variables and leptin expression. 

 Estimate SD z value p value 

BMI 0.8008 0.1996 4.0114 0.0001 

Weight 0.8541 0.2021 4.2264 0.0000 

WCC -0.1624 0.0825 -1.9680 0.0491 

PSA -0.0726 0.1485 -0.4890 0.6249 

Waist Circ 0.2279 0.1310 1.7398 0.0819 

Control 

Height 

-0.4427 0.3480 -1.2720 0.2034 

Exercise 

Height 

0.4612 0.3129 1.4742 0.1404 

Control Hb -0.1561 0.1999 -0.7811 0.4347 

Exercise Hb 1.1981 0.3219 3.7215 0.0002 
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5.3.3 Resistin  

Differences in resistin expression over time is illustrated in Figure 5.5. 

There was no significant difference in resistin expression over time 

between groups (p=0.9896). No significant differences in resistin 

expression were observed within groups (Table 5.9).  
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Figure 5.5: Resistin expression over time in ExPeCT trial participants.  

Data graphed as mean ± SEM. Control n=30, exercise n=27. 

(Data range; exercise T0 2115.9-17074.6 pg/mL, control T0 2766.5-

70615.5 pg/mL, exercise T3 1511.1-23809.5 pg/mL, control T3 2666.2-

22816.3 pg/mL, exercise T6 1583.8-18918.2 pg/mL and control T6 

2138.6-16295 pg/mL).   
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Table 5.9: Levels of resistin expression, within and between, ExPeCT 

exercise and control groups. 

 Estimate SD z Value p Value 

Exercise-

Control 

-0.0452 0.5042 -0.0897 0.9285 

T3-T0 0.0222 0.1145 0.1942 0.8461 

T6-T0 -0.1344 0.1207 -1.1134 0.2655 

T6-T3 -0.1566 0.1218 -1.2854 0.1986 

 

Clinical variables were added to the model as previously. Within group, 

a positive relationship between CTCs and resistin expression was 

observed (p=0.0000). Furthermore, a negative correlation with platelet 

cloaking was observed (p=0.0004) (Table 5.10).  

 

Table 5.10: Correlation between CTCs, platelet cloaking and resistin. 

 Estimate SD z Value p Value 

Avg CTCs 0.0235 0.0049 4.7571 0.0000 

Platelet Cloaking -0.5526 0.1560 -3.5435 0.0004 
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Inverse correlations between resistin expression and height (p=0.0139), 

in addition to white cell count (p=0.0000) were established (Table 5.11).  

 

Table 5.11: Relationship between clinical variables and resistin. 

 

 Estimate SD z value p value 

BMI -0.0034 0.1021 -0.0333 0.9734 

Weight 0.1354 0.0975 1.3896 0.1646 

Height 0.2436 0.0990 2.4609 0.0139 

Hb -0.1138 0.0981 -1.1599 0.2461 

WCC 0.4508 0.0582 7.7528 0.0000 

PSA -0.0967 0.0717 -1.3481 0.1776 

Waist Circ -0.0038 0.0909 -0.0422 0.9663 
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5.4 C-peptide as a surrogate marker for insulin secretion 

Levels of insulin secretion were analysed by C-peptide expression from 

ExPeCT participant plasma samples (Figure 5.6). There was no 

significant difference in C-peptide expression between groups. Within 

groups, a decrease in C-peptide expression between T0 and T3 

(p=0.0317) was observed. Moreover, an increase in C-peptide 

expression was recorded within groups between T3-T6 (p=0.0596) 

(Table 5.12). 
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Figure 5.6: C-peptide expression over time in ExPeCT trial participants.  

Data graphed as mean ± SEM. Control n=31, exercise n=26. 

(Data range; exercise T0 779.3-16406.2 pg/mL, control T0 882.5-7179.9 

pg/mL, exercise T3 1095.5-6143.9 pg/mL, control T3 273-8697.2 pg/mL, 

exercise T6 741.1-10355.3 pg/mL and control T6 7635.8-9492.7 pg/mL).   
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Table 5.12: Levels of C-peptide expression, within and between, 

ExPeCT exercise and control groups. 

 Estimate SD z Value p Value 

Exercise-

Control 

0.1298 0.2070 0.6271 0.5306 

T3-T0 -0.2091 0.0974 -2.1483 0.0317 

T6-T0 -0.0151 0.1020 -0.1476 0.8827 

T6-T3 0.1941 0.1030 1.8841 0.0596 

 
All clinical variables were added to the model one at a time to determine 

their association with C-peptide expression. A positive association 

between CTC number and resistin expression was observed (p=0.0384). 

A negative correlation between platelet cloaking and C-peptide 

expression was also documented (p=0.0299) (Table 5.13).  

 

Table 5.13: Correlation between C-peptide levels, CTCs and platelet 

cloaking.  

 

 

 

 

 Estimate SD z Value p Value 

Avg CTCs 0.0102 0.0049 2.0706 0.0384 

Platelet Cloaking -0.3258 0.1432 -2.2754 0.0229 
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Positive associations between C-peptide expression and weight 

(p=0.0336) and C-peptide and waist circumference (p=0.0074) were 

present across both groups (Table 5.14).  

 

Table 5.14: Relationship between C-peptide expression and clinical 

variables. 

 Estimate SD z value p value 

BMI 0.1705 0.0993 1.7172 0.0859 

Weight 0.2054 0.0966 2.1249 0.0336 

Hb -0.1506 0.0970 -1.5530 0.1204 

WCC 0.0927 0.0657 1.4119 0.1580 

PSA 0.0414 0.0725 0.5709 0.5681 

Waist Circ 0.2204 0.0824 2.6764 0.0074 

Control- 

Height 

-0.1816 0.1536 -1.1822 0.2371 

Exercise- 

Height 

0.2488 0.1386 1.7957 0.0725 
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5.2 Discussion 

Obesity, MetS and inflammation are associated with the progression of 

PrCa (Allott et al., 2013, Collier et al., 2012, Karan and Dubey, 2016). 

One goal of the ExPeCT trial was to elucidate the relationship between 

these variables and PrCa by examining adipokine and insulin secretion 

profiles in patients with metastatic PrCa, and to clarify any potential 

correlation between these profiles and CTCs, platelet cloaking of CTCs, 

and standard clinical variables. Furthermore, the impact of a structured 

exercise programme on adipokines and insulin secretion levels was also 

investigated.  

Evaluation of an adipokine expression profile in patients with 

metastatic PrCa was performed, focussing on three common adipokines 

with known interactions in PrCa, adiponectin, leptin and resistin (Mistry 

et al., 2007, Kim et al., 2011). No significant changes in adipokine 

concentration were noted between the exercise and control groups over 

the six month time frame. However, adiponectin levels increased 

significantly within each group. A previous study, documented an 

increase in adiponectin, ranging from 18-48%, which was attributed to a 

reduction in the level of obesity of an individual (Silva et al., 2011). BMI, 

waist circumference, PSA, white cell count, haemoglobin, weight and 

height are all routine clinical measurements for patients with metastatic 

PrCa and were recorded in a clinical setting at each of the trial 

assessment time points. Changes in adiponectin and leptin expression 

were significantly correlated with BMI, weight and waist circumference. 

Adiponectin and leptin are understood to have biologically opposing 

relationships with adiposity, with this inverse affiliation having been 

previously documented in PrCa (Li et al., 2010). The increase in 

adiponectin levels in the ExPeCT exercise group, may be due to the 

aerobic programme undertaken, however this did not improve BMI and 

weight. Given that all patients were informed of the purpose of the trial, it 

may have lead participants to be more conscious of eating habits and 

daily exercise activity, substantiating the increase observed within the 

control group.  
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A positive correlation between leptin and haemoglobin was 

observed. The role between haemoglobin and leptin has not previously 

been documented in PrCa, and may signify dependence between these 

two variables in obesity and PrCa and further investigation into this 

finding is required.  A significant interaction between white cell count and 

resistin expression was also recorded. High white blood cell count is 

classified as a predictor of MetS (Babio, 2013), which may provide an 

explanation for the trend observed in relation to white blood cell count. A 

significant correlation between resistin and white blood cell count in 

patients, independent of BMI, with diabetes mellitus has been previously 

published suggesting the mononuclear origin of resistin as a potential 

factor in this finding (Mojiminiyi and Abdella, 2007). The inverse 

correlation outlined in this study warrants increased participant numbers 

to further examine this outcome and the relationship between adipokines 

and clinical variables in metastatic PrCa.  

In relation to CTCs and platelet cloaking, significant correlations 

were identified within groups. Positive correlations between adiponectin 

and resistin, were both independently significantly correlated with CTCs, 

in addition to a negative correlation between resistin and platelet 

cloaking. This finding indicates a potential interaction between 

adipokines and the metastatic cascade, providing an interplay between 

CTCs, platelet cloaking and adipokines. ExPeCT is the first trial of this 

nature comparing the impact of an exercise intervention on the 

relationship between adipokines, platelet cloaking and CTCs and has 

begun to improve the understanding of the influence of adipokine levels 

on CTC numbers and provides a solid foundation for future studies to 

further elucidate the underlying mechanisms. 

Insulin secretion was measured using  C-peptide expression (Van 

Cauter et al., 1992). No significant differences were noted between 

groups, however significant changes in C-peptide expression were 

detected within each group. C-peptide expression was observed to 

initially decrease and begin to increase once more over time. The range 

of C-peptide expression may provide an insight into the level of insulin 

resistance within this cohort of patients and hold relevance as a marker 
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of MetS (Gonzalez-Mejia et al., 2016). Significant positive correlations 

between C-peptide concentration and weight and waist circumference 

were present in ExPeCT participants. This finding is in accordance with 

the factors associated with MetS, such as central adiposity and high 

blood sugar (NIH, 2018a). A positive association between C-peptide 

expression and CTCs, in addition to a negative correlation with platelet 

cloaking, was determined. The role of C-peptide, platelet cloaking and 

CTCs in metastatic PrCa has not previously been established. The 

function of C-peptide as an indicator of MetS may be one factor aiding 

CTC number. Further investigation into this finding in a larger scale study, 

may determine the basis behind this association. 

A limitation of this analysis into adipokine status and insulin 

secretion in patients with metastatic PrCa, is the potential for bias 

introduced in the control group. Exercise advice was provided to all 

participants at the end of the trial regardless of randomisation, however 

control participants were aware of the nature of the exercise component 

during their participation. This may have led to improved PA and dietary 

habits. Furthermore, analysis on this data was not compared in a site 

specific manner. Potential differences between the Irish and London 

cohorts, may have impacted the findings and future investigation into site 

specific effects may be warranted. This data has furthered the 

understanding of some of the mechanisms involved in obesity, MetS and 

metastatic PrCa and future larger scale studies would continue to 

determine the clinical relevance of this for patients living with PrCa.   
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6.0 Introduction 

The role that inflammation plays in cancer has been extensively 

documented (Korniluk et al., 2017, Grivennikov, 2010). Inflammatory 

cytokines may be involved in the initiation, promotion, progression and 

invasion of multiple cancer types (Landskron et al., 2014).  In PrCa, 

multiple factors (e.g. hormonal imbalance, dietary factors) have been 

implicated as drivers in the development of chronic inflammation linked 

to carcinogenesis (De Marzo et al., 2007). Substantial crosstalk between 

stromal cells and the adjacent tumour cells have been documented in 

PrCa (Shiao et al., 2015). This relationship within the tumour 

microenvironment can lead to the repeated activation of inflammatory 

cells, generating a chronic systemic inflammatory state (Shiao et al., 

2015). A study determining levels of systemic inflammation in PrCa 

compared the Glasgow Prognostic Score (GPR), a measurement of 

circulating levels of C-reactive protein and albumin, to the neutrophil 

lymphocyte ratio (NLR) which combines circulating neutrophil and 

lymphocyte counts (Shafique et al., 2012). The study demonstrated a 

significant correlation between high GPR and NLR, with poorer overall 

survival (Shafique et al., 2012). A further study, the Swedish AMORIS 

study, observed a significantly increased risk of developing advanced or 

metastatic PrCa with the presence of high levels of markers of systemic 

inflammation (e.g. C-reactive protein, albumin) (Arthur et al., 2018). 

Interestingly, some studies have demonstrated no significant changes in 

inflammatory marker levels (e.g. TNFα, IL-6) post exercise intervention 

(Jones, 2013, Galvao et al., 2008), suggesting varying effects of PA. 

Fluctuating levels of systemic inflammation in patients with metastatic 

PrCa may provide insight into disease progression, hence, a panel of 

cytokines associated with PrCa was compiled based on the current 

literature (Table 5.1). 

 

 

 

 



 

176 
 

Table 6.1: Panel of serum inflammatory markers utilised to assess 

systemic inflammation in ExPeCT trial participants. 

  

Analyte 

of 

Interest 

 

Link to PrCa 

 

Tissue 

Necrosis Factor 

 

TNFα 

High levels associated with progressive 

disease (Michalaki et al., 2004) 

Vascular 

Endothelial 

Growth Factor 

 

VEGF 

Promotes cancer cell migration to the 

bone (Roberts et al., 2013) 

 

 

 

 

 

 

 

Interleukin 

 

IL-6 

Elevated levels in CRPC (Nguyen et al., 

2014) 

 

IL-1β 

Aids skeletal metastatic progression (Liu 

et al., 2013) 

 

IL-17a 

Enhances pathogenesis of PrCa (Liu et 

al., 2015) 

 

IL-4 

Contributes to PrCa cell line proliferation 

(Roca et al., 2012) 

 

IL-10 

Inhibits angiogenesis in PrCa primary cell 

lines (Stearns et al., 1999) 

 

IL-13 

Negative regulator of tumour growth in 

several cancer types (Terabe et al., 2004) 
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Table 6.1 Continued: Panel of serum inflammatory markers utilised to 

assess systemic inflammation in ExPeCT trial participants. 

  

Analyte of Interest 

 

Link to PrCa 

 

 

 

 

 

Chemokine 

 

MCP-1 (CCL2) 

Release from 

adipocytes increases 

invasiveness in PrCa 

cells (Ito et al., 2015) 

 

RANTES (CCL5) 

Expedites cancer 

progression in bone 

microenvironment 

(Roca et al., 2018) 

 

CXCL8 (IL-8) 

Driver of PrCa 

progression (Neveu 

et al., 2014) 

 

 

Metalloproteinase 

 

MMP2 

Highly expressed in 

PrCa (Xie et al., 

2016) 

 

MMP9 

Elevated expression 

linked to PrCa 

invasiveness 

(Aalinkeel et al., 

2011) 

 

 

Physical activity is thought to have multiple benefits for patients 

with cancer, including, reducing the effects of fatigue (Courneya et al., 

2009), modifications in inflammatory marker levels (Rogers et al., 2013), 

improving physical fitness (Courneya et al., 2007) and increased overall 

survival (Kenfield et al., 2011). In line with the current literature, the 

ExPeCT trial aimed to determine the impact of inflammation in metastatic 

PrCa and the associated effects of a structured exercise intervention. 

The specific aims for this chapter were as follows; a) to assess 
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inflammatory mediator expression levels between exercise and control 

groups over time, b) to correlate clinical data to the ExPeCT inflammatory 

profile and c) to compare levels of inflammation mediators with CTCs and 

platelet cloaking.  
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6.1 Results 

6.1.1 Inflammation in ExPeCT trial participants 

The number of participant serum samples included in this analysis is 

outlined in Figure 5.2. Statistical analysis was performed in conjunction 

with Dr Bryan Stanfill (Study statistician). Data was transformed on the 

log base 2 scale and analysed using a linear mixed model with Gaussian 

response and graphed on the normal scale. Clinical variables were 

added to the model one at a time to test for any correlation with the 

analyte of interest. A summary of significant correlations is outlined in 

Table 6.2a and Table 6.2b. 

 

Table 6.2a: Summary of significant correlations between inflammatory 

mediators and clinical variables within group 

Analyte Clinical Variable p-value 

MMP2 PSA 0.0186 

 

MMP9 

Platelet cloaking 0.0001 

Height 0.0045 

WCC 0.0000 

PSA 0.0006 

VEGF Platelet cloaking 0.0074 

IL-6 Hb 0.0427 

WCC 0.0019 

 

 

IL-8 

CTCs 0.0337 

Platelet cloaking 0.0081 

Height 0.0170 

Hb 0.0450 

IL-13 PSA 0.0002 

TNFα PSA 0.0426 
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Table 6.2b: Summary of significant correlations between inflammatory 

mediators and clinical variables between groups 

Analyte Clinical Variable p-value 

MMP2 Control-BMI 0.0418 

Control-Weight 0.0018 

MMP9 Control-Weight 0.0207 

VEGF Exercise-WCC 0.0095 

IL-17a Exercise-WCC 0.0016 

IL-1β Exercise-hb 0.0242 

IL-4 Exercise-CTCs 0.0067 

 Control-Platelet 

Cloaking 

0.0124 

IL-10 Exercise-WCC 0.0244 

IL-13 Exercise-Waist 

Circ 

0.0123 
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6.1.1.1 CCL2 (MCP-1) expression in ExPeCT trial participants 

CCL2 expression was determined in ExPeCT participants over time 

(Figure 6.1). No differences in expression levels were observed 

between groups over time (p=0.4222) (Table 6.3). 
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Figure 6.1: CCL2 expression over time in ExPeCT trial participants.  

Data graphed as mean ± SEM. Control n=31, exercise n=26. 

(Data range; exercise T0 61.4-606 pg/mL, control T0 178.7-883.8 pg/mL, 

exercise T3 154.5-567.9 pg/mL, control T3 172.6-484.4 pg/mL, exercise 

T6 177.5-645 pg/mL and control T6 171.8-1715.2 pg/mL).   
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Table 6.3: CCL2 expression, within and between, ExPeCT trial groups. 

 Estimate SD z Value p Value 

Exercise-

Control 

0.1023 0.1275 0.8026 0.4222 

T3-T0 -0.0492 0.0729 -0.6753 0.4995 

T6-T0 0.0753 0.0755 0.9964 0.3191 

T6-T3 0.1245 0.0766 1.6248 0.1042 

 

 

No significant correlation between CTCs, platelet cloaking and CCL2 

expression was identified (Table 6.4). Furthermore, no significant 

correlations between CCL2 and clinical variables were observed (Table 

6.5).  

 

Table 6.4: Correlation between CTCs, platelet cloaking and CCL2 

expression.  

 

 

 

 

 

 

 

 Estimate SD z Value p 

Value 

Avg CTCs -0.0017 0.0035 -0.4825 0.6294 

Platelet 

Cloaking 

-0.0430 0.1080 -0.3980 0.6907 
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Table 6.5: Correlation between CCL2 and clinical variables. 

 Estimate SD z value p value 

BMI -0.0041 0.0645 -0.0634 0.9494 

Weight 0.0325 0.0638 0.5098 0.6102 

Height 0.0497 0.0661 0.7523 0.4518 

Hb 0.0134 0.0636 0.2107 0.8331 

WCC 0.0401 0.0457 0.8772 0.3804 

PSA -0.0344 0.0467 -0.7352 0.4622 

Waist 

Circ 

0.0100 0.0574 0.1738 0.8620 

 

 

 

6.1.1.2 MMP2 expression in ExPeCT trial participants 

The level of MMP2 was evaluated in ExPeCT participants (Figure 6.2). 

No significant differences in MMP2 expression were observed between 

groups (p=0.5186). There was a decrease in MMP2 expression 

registered within groups from T0-T3 (p=0.1063) (Table 6.6). There were 

no significant correlations between CTCs, platelet cloaking and MMP2 

expression (Table 6.7).  
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Figure 6.2: MMP2 expression over time in ExPeCT trial participants.  

Data graphed as mean ± SEM. Control n=30, exercise n=26. 

(Data range; exercise T0 31126.4-244435.3 pg/mL, control T0 86080.5-

503101.5 pg/mL, exercise T3 64699.4-203327.4 pg/mL, control T3 

237.2-192346.9 pg/mL, exercise T6 69567.6-202265.4 pg/mL and 

control T6 94462.9-168854.5 pg/mL).   
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Table 6.6: MMP2 expression, within and between, ExPeCT trial groups. 

 

 Estimate SD z Value p Value 

Exercise-Control 0.0978 0.1516 0.6456 0.5186 

T3-T0 -0.2249 0.1392 -1.6150 0.1063 

T6-T0 -0.1102 0.1446 -0.7620 0.4460 

T6-T3 0.1147 0.1468 0.7813 0.4346 

 

Table 6.7: Relationship between MMP2 expression, CTCs and platelet 

cloaking. 

 Estimate SD z Value p Value 

Avg CTCs 0.0016 0.0054 0.3051 0.7603 

Platelet Cloaking 0.1635 0.1833 0.8917 0.3726 

 

A positive correlation between MMP2 expression was observed with PSA 

(p=0.0186). There was a significant difference between groups, in 

relation to BMI and weight. Within the control arm, MMP2 expression was 

positively correlated with both BMI and weight (p=0.0418 and p=0.0018, 

respectively). No relationship was observed between BMI and weight in 

the exercise group (Table 6.8).  

. 
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Table 6.8: Correlation between MMP2 and clinical variables. 

 Estimate SD z value p value 

Height 0.0657 0.0803 0.8173 0.4137 

Hb 0.1335 0.0690 1.9341 0.0531 

WCC -0.0303 0.0242 -1.2549 0.2095 

PSA 0.1591 0.0676 2.3542 0.0186 

Waist Circ 0.0690 0.0767 0.8998 0.3682 

Control BMI 0.2256 0.1108 2.0355 0.0418 

Exercise BMI -0.1015 0.1043 -0.9729 0.3306 

Control 

Weight 

0.3745 0.1203 3.1134 0.0018 

Exercise 

Weight 

-0.0946 0.0874 -1.0829 0.2789 
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6.1.1.3 MMP9 expression in ExPeCT trial participants 

MMP9 expression was measured in ExPeCT participants and the range 

of expression is outlined in Figure 6.3. No significant difference in MMP9 

expression was observed between groups (p=0.9043). Within groups, 

MMP9 expression increased over time from T0-T3 (p=0.0393) and T0-

T6 (p=0.0547) (Table 6.9). 
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Figure 6.3: MMP9 expression over time in ExPeCT trial participants.  

Data graphed as mean ± SEM. Control n=30, exercise n=26. 

(Data range; exercise T0 18343.6-731640.7 pg/mL, control T0 15886.2-

904996.9 pg/mL, exercise T3 45630-855503.5 pg/mL, control T3 

87116.9-1703781 pg/mL, exercise T6 87009.2-1123162 pg/mL and 

control T6 11561.8-1303303 pg/mL).   
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Table 6.9: MMP9 expression, between and within, ExPeCT participant 

groups. 

 Estimate SD z Value p Value 

Exercise-

Control 

-0.0316 0.2627 -0.1202 0.9043 

T3-T0 0.3329 0.1615 2.0612 0.0393 

T6-T0 0.3194 0.1662 1.9214 0.0547 

T6-T3 -0.0135 0.1698 -0.0794 0.9367 

 

A positive correlation between CTCs and MMP9 expression was 

observed within groups (p=0.0540). A negative correlation between 

platelet cloaking and MMP9 expression was recorded within groups 

(p=0.0001) (Table 6.10).  

 

Table 6.10: Correlation between MMP9 expression, CTCs and platelet 

cloaking. 

 Estimate SD z Value p Value 

Avg CTCs 0.0142 0.0074 1.9269 0.0540 

Platelet 

Cloaking 

-0.9063 0.2254 -4.0206 0.0001 

 

 

A significant correlation between MMP9 expression and several clinical 

variables was determined. MMP9 expression was positively correlated 

with height (p=0.0045) and white cell count (p=0.0000), while an inverse 

correlation with PSA (p=0.0006) was identified within groups. Between 

groups, a positive correlation between MMP9 expression and weight was 
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observed. In the control group, MMP9 expression was significantly 

associated with weight (p=0.0207). No relationship between weight and 

MMP9 expression was recorded in the exercise group (p=0.8021) (Table 

6.11).  

 

Table 6.11: Correlation between clinical variables and MMP9 

expression. 

 

 Estimate SD z value p value 

BMI -0.0608 0.1353 -0.4494 0.6532 

Height 0.3696 0.1303 2.8377 0.0045 

Hb 0.2279 0.1238 1.8413 0.0656 

WCC 0.4049 0.0906 4.4674 0.0000 

PSA -0.3228 0.0940 -3.4350 0.0006 

Waist Circ 0.0276 0.1224 0.2252 0.8218 

Control 

Weight 

0.5048 0.2182 2.3130 0.0207 

Exercise  

Weight 

-0.0398 0.1588 -0.2506 0.8021 
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6.1.1.4 RANTES expression in ExPeCT trial participants 

RANTES (CCL5) expression was determined in ExPeCT trial participants 

and is illustrated in Figure 6.4. No significant difference in RANTES 

expression was observed between groups over time (p=0.5431). Within 

groups, an increase in expression was determined (p=0.0554; Table 

6.12).  
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Figure 6.4: RANTES expression over time in ExPeCT trial participants.  

Data graphed as mean ± SEM. Control n=30, exercise n=26. 

(Data range; exercise T0 13408.5-370259.3 pg/mL, control T0 19551.3-

252098 pg/mL, exercise T3 2574.2-150675.9 pg/mL, control T3 6344.9-

341543.2 pg/mL, exercise T6 24352.9-218103.4 pg/mL and control T6 

4165.2-313550.1 pg/mL).   
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Table 6.12: RANTES expression, within and between, ExPeCT 

participant groups. 

 

 Estimate SD z Value p Value 

Exercise-

Control 

0.1608 0.2645 0.6081 0.5431 

T3-T0 -0.2830 0.1954 -1.4484 0.1475 

T6-T0 0.1121 0.2022 0.5545 0.5792 

T6-T3 0.3951 0.2063 1.9157 0.0554 

 

The average number of CTCs was positively correlated with RANTES 

expression over time (p=0.1107). No significant association between 

platelet cloaking and RANTES expression was observed (p=0.9923; 

Table 6.13). No significant correlations were determined between 

RANTES expression and additional clinical variables (Table 6.14). 

 

Table 6.13: Correlation between RANTES expression, CTCs and 

platelet cloaking. 

 Estimate SD z Value p Value 

Avg CTCs 0.0132 0.0083 1.5949 0.1107 

Platelet Cloaking -0.0026 0.2732 -0.0097 0.9923 
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Table 6.14 Correlation between clinical variables and RANTES 

expression. 

 Estimate SD z value p value 

BMI 0.2046 0.1338 1.5289 0.1263 

Weight 0.0971 0.1350 0.7192 0.4720 

Height -0.1710 0.1373 -1.2457 0.2129 

Hb -0.2029 0.1304 -1.5563 0.1196 

WCC 0.1396 0.1059 1.3179 0.1875 

PSA -0.0033 0.1033 -0.0320 0.9745 

Waist Circ 0.0796 0.1279 0.6228 0.5334 
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6.1.1.5 VEGF expression in ExPeCT trial participants 

The expression level of VEGF was determined in ExPeCT trial 

participants (Figure 6.5). No significant difference in VEGF expression 

was observed between groups (p=0.5509). Within groups, VEGF 

expression demonstrated no significant changes over time (Table 6.15).  
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Figure 6.5: VEGF expression over time in ExPeCT trial participants.  

Data graphed as mean ± SEM. Control n=30, exercise n=26. 

(Data range; exercise T0 57.3-675.9 pg/mL, control T0 49.4-444.3 

pg/mL, exercise T3 22.6-518.4 pg/mL, control T3 57.1-526.8 pg/mL, 

exercise T6 35.4-539.7 pg/mL and control T6 100.6-388.2 pg/mL).   
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Table 6.15: VEGF expression, within and between, ExPeCT participant 

groups. 

 

 Estimate SD z Value p Value 

Exercise-

Control 

0.1526 0.2559 0.5964 0.5509 

T3-T0 -0.0098 0.0820 -0.1196 0.9048 

T6-T0 -0.0371 0.0853 -0.4349 0.6636 

T6-T3 -0.0273 0.0861 -0.3168 0.7514 

 

Expression levels of VEGF were not significantly correlated with average 

CTC number, however a negative association between VEGF 

expression and platelet cloaking was observed (p=0.00740) (Table 6.16).  

 

 

Table 6.16: Correlation between VEGF expression, CTCs and platelet 

cloaking. 

 

 Estimate SD z Value p Value 

Avg CTCs 0.0042 0.0046 0.9268 0.3540 

Platelet Cloaking -0.3309 0.1235 -2.6796 0.0074 
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A significant correlation between white cell count and VEGF expression 

was observed between groups, with VEGF positively correlated with 

white cell count in the exercise group (p=0.0095). No significant 

relationship was identified in the control group (Table 6.17).  

 

Table 6.17: Correlation between clinical variables and VEGF expression. 

 

 Estimate SD z value p value 

Weight -0.0019 0.1214 -0.0157 0.9874 

Height 0.0099 0.1292 0.0768 0.9388 

Hb -0.0141 0.1107 -0.1272 0.8988 

PSA -0.0940 0.0813 -1.1561 0.2476 

Waist Circ -0.0803 0.0902 -0.8897 0.3736 

Control BMI 0.2453 0.1685 1.4561 0.1454 

Exercise BMI -0.1999 0.1739 -1.1494 0.2504 

Control WCC 0.1122 0.0600 1.8680 0.0618 

Exercise WCC 0.4075 0.1571 2.5935 0.0095 
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6.1.1.6 IL-17a expression in ExPeCT trial participants 

IL-17a expression was determined in ExPeCT trial participants (Figure 

6.6). There was no significant difference in IL-17a expression either 

between or within ExPeCT groups over time (Table 6.18).  
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Figure 6.6: IL-17a expression over time in ExPeCT trial participants.  

Data graphed as mean ± SEM. Control n=30, exercise n=26. 

(Data range; exercise T0 0.2-8 pg/mL, control T0 0.1-5.5 pg/mL, exercise 

T3 0.4-10.6 pg/mL, control T3 0.2-3.8 pg/mL, exercise T6 0.3-8.8 pg/mL 

and control T6 0.7-13.2 pg/mL).   
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Table 6.18: IL-17a expression, within and between, ExPeCT trial groups. 

 Estimate SD z Value p Value 

Exercise-

Control 

-0.0496 0.3064 -0.1619 0.8714 

T3-T0 0.1631 0.1685 0.9680 0.3330 

T6-T0 0.0133 0.1730 0.0768 0.9388 

T6-T3 -0.1499 0.1772 -0.8459 0.3976 

 

No significant association between average CTC number or platelet 

cloaking with IL-17a expression were detected (Table 6.19).  

 

Table 6.19: Correlation between IL-17a, CTCs and platelet cloaking. 

 Estimate SD z Value p Value 

Avg CTCs 0.0054 0.0081 0.6630 0.5073 

Platelet 

Cloaking 

0.1621 0.2393 0.6775 0.4981 
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Most clinical variables added to the model, displayed no significant 

interactions with IL-17a expression. However, a significant association 

between IL-17a expression and white cell count was observed between 

groups. The exercise group demonstrated a significant positive 

correlation between IL-17a expression and white cell count (p=0.0016), 

with no significant relationship observed in the control group (Table 6.20).  

 

Table 6.20: Correlation between clinical variables and IL-17a 

expression. 

 

 Estimate SD z value p value 

BMI 0.2122 0.1537 1.3804 0.1675 

Weight 0.1197 0.1552 0.7714 0.4405 

Height -0.1656 0.1577 -1.0501 0.2937 

Hb -0.2102 0.1455 -1.4441 0.1487 

PSA -0.0126 0.1100 -0.1142 0.9091 

Waist Circ 0.0781 0.1368 0.5707 0.5682 

Control WCC 0.0989 0.1080 0.9159 0.3597 

Exercise 

WCC 

0.8686 0.2749 3.1600 0.0016 
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6.1.1.7 IL-1β expression in ExPeCT trial participants 

Levels of IL-1β expression in ExPeCT participants are illustrated in 

Figure 6.7. There was no significant difference in IL-1β expression 

between ExPeCT groups (p=0.4923). Within groups, a decrease in IL-1β 

expression was observed between T0 and T3 (p=0.0305). Contrastingly, 

an increase in IL-1β expression was recorded between T3 and T6 within 

groups (p=0.0190) (Table 6.21). No correlations were observed between 

IL-1β expression and CTC number or platelet cloaking (Table 6.22).  
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Figure 6.7: IL-1β expression over time in ExPeCT trial participants.  

Data graphed as mean ± SEM. Control n=30, exercise n=26. 

(Data range; exercise T0 0.045-0.99 pg/mL, control T0 0.018-0.27 

pg/mL, exercise T3 0.014-0.33 pg/mL, control T3 0.013-0.21 pg/mL, 

exercise T6 0.032-0.43 pg/mL and control T6 0.023-0.2 pg/mL).   
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Table 6.21: IL-1β expression, within and between, ExPeCT trial 

participants. 

 Estimate SD z Value p Value 

Exercise-

Control 

0.2359 0.3434 0.6867 0.4923 

T3-T0 -0.4587 0.2121 -2.1629 0.0305 

T6-T0 0.1061 0.2394 0.4430 0.6577 

T6-T3 0.5647 0.2409 2.3446 0.0190 

 

 

Table 6.22: Correlation between IL-1β expression, CTCs and platelet 

cloaking. 

 Estimate SD z Value p Value 

Avg CTCs 0.0117 0.0107 1.0917 0.2750 

Platelet Cloaking 0.1528 0.3083 0.4956 0.6201 
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Between groups, a significant correlation was observed with IL-1β 

expression and haemoglobin. In the control group, an inverse correlation 

was reported (p=0.0242), with no significant association observed in the 

exercise group (Table 6.23). 

Table 6.23: Correlation between clinical variables and IL-1β expression.  

 Estimate SD z value p value 

BMI 0.2782 0.1803 1.5433 0.1228 

Weight 0.1724 0.1596 1.0806 0.2799 

Height -0.1016 0.1868 -0.5437 0.5867 

WCC 0.1846 0.1399 1.3194 0.1870 

PSA 0.0184 0.1365 0.1351 0.8926 

Waist Circ 0.1402 0.1522 0.9208 0.3572 

Control Hb -0.4811 0.2134 -2.2546 0.0242 

Exercise Hb 0.1394 0.2508 0.5558 0.5784 
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6.1.1.8 IL-4 expression in ExPeCT trial participants 

IL-4 expression was monitored in ExPeCT trial participants over time 

(Figure 6.8). No significant differences in IL-4 expression were 

determined between or within ExPeCT trial groups (Table 6.24).  
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Figure 6.8: IL-4 expression over time in ExPeCT trial participants.  

Data graphed as mean ± SEM. Control n=30, exercise n=26. 

(Data range; exercise T0 0.012-0.17 pg/mL, control T0 0.01-0.10 pg/mL, 

exercise T3 0.004-0.17 pg/mL, control T3 0.127-0.12 pg/mL, exercise T6 

0.01-0.21 pg/mL and control T6 0.01-0.09 pg/mL).   
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Table 6.24: IL-4 expression, between and within, ExPeCT trial groups. 

 Estimate SD z Value p Value 

Exercise-

Control 

0.1304 0.4202 0.3102 0.7564 

T3-T0 0.0348 0.3390 0.1027 0.9182 

T6-T0 -0.2854 0.3631 -0.7861 0.4318 

T6-T3 -0.3202 0.3506 -0.9135 0.3610 

 

Significant differences between groups were determined in terms of CTC 

number and platelet cloaking. A positive correlation between IL-4 

expression and CTC number in the exercise group (p=0.0067) was 

determined, however no significant correlation was observed in the 

control group. A negative correlation was observed between IL-4 

expression and platelet cloaking in the control group (p=0.0124) (Table 

6.25).  

 

Table 6.25: Correlation between IL-4 expression, CTC number and 

platelet cloaking. 

 Estimate SD z Value p Value 

Control Avg 

CTCs 

-0.0087 0.0276 -0.3157 0.7522 

Exercise Avg 

CTCs 

0.0540 0.0199 2.7090 0.0067 

Control Platelet 

Cloaking 

-1.1606 0.4639 -2.5018 0.0124 

Exercise Platelet 

Cloaking 

1.6142 1.1094 1.4550 0.1457 
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No further significant correlations between IL-4 expression and clinical 

variables were observed (Table 6.26).  

 

Table 6.26: Correlation between IL-4 expression and clinical variables. 

 Estimate SD z value p value 

BMI -0.0161 0.2204 -0.0730 0.9418 

Weight 0.0479 0.2102 0.2278 0.8198 

Height 0.1287 0.2225 0.5782 0.5631 

Hb 0.2727 0.2033 1.3413 0.1798 

WCC -0.0911 0.2086 -0.4365 0.6625 

PSA -0.0344 0.1959 -0.1757 0.8605 

Waist Circ -0.0073 0.2076 -0.0349 0.9721 
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6.1.1.9 IL-6 expression in ExPeCT trial participants 

IL-6 expression was determined in ExPeCT trial participants at each time 

point (Figure 6.9). No significant differences, between or within, groups 

were observed over time (Table 6.27). No significant changes correlation 

between CTC number, platelet cloaking and IL-6 expression was 

determined (Table 6.28).  
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Figure 6.9: IL-6 expression over time in ExPeCT trial participants.  

Data graphed as mean ± SEM. Control n=30, exercise n=26. 

(Data range; exercise T0 0.1-6.5 pg/mL, control T0 0.7-4.9 pg/mL, 

exercise T3 0.4-17.9 pg/mL, control T3 0.3-5 pg/mL, exercise T6 1.0-12.6 

pg/mL and control T6 0.4-21 pg/mL).   
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Table 6.27: IL-6 expression, within and between, ExPeCT trial groups.  

 Estimate SD z Value p Value 

Exercise-

Control 

-0.0647 0.2437 -0.2655 0.7906 

T3-T0 0.1300 0.1861 0.6984 0.4849 

T6-T0 0.1719 0.1895 0.9075 0.3642 

T6-T3 0.0419 0.1940 0.2162 0.8288 

 

Table 6.28: Correlation between IL-6 expression, CTC number and 

platelet cloaking.  

 Estimate SD z Value p Value 

 Avg CTCs 0.0097 0.0078 1.2474 0.2123 

Platelet Cloaking 0.2479 0.2544 0.9745 0.3298 
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An inverse correlation between IL-6 expression and haemoglobin within 

groups was recorded (p=0.0427). Additionally, a positive correlation 

between IL-6 and white cell count was observed (p=0.0019) (Table 6.29).  

 

 

Table 6.29: Correlation between IL-6 expression and clinical variables. 

 Estimate SD z value p value 

BMI 0.0814 0.1257 0.6473 0.5174 

Weight 0.0594 0.1237 0.4804 0.6310 

Height -0.0926 0.1279 -0.7240 0.4691 

Hb -0.2364 0.1167 -2.0266 0.0427 

WCC 0.3014 0.0972 3.1008 0.0019 

PSA 0.0964 0.0962 1.0029 0.3159 

Waist Circ 0.0340 0.1184 0.2873 0.7739 
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6.1.1.10 IL-8 expression in ExPeCT trial participants 

IL-8 expression was recorded in ExPeCT trial participants over time 

(Figure 6.10). There was no significant change in IL-8 expression 

between groups. A significant increase was observed within groups from 

T0-T6 (p=0.0257) and T3-T6 (p=0.0350) (Table 6.30).  
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Figure 6.10: IL-8 expression over time in ExPeCT trial participants.  

Data graphed as mean ± SEM. Control n=30, exercise n=26. 

(Data range; exercise T0 7.7-66.8 pg/mL, control T0 8.2-62.5 pg/mL, 

exercise T3 07.1-58.6 pg/mL, control T3 12.5-62.7 pg/mL, exercise T6 

8.2-74.1 pg/mL and control T6 8.2-128 pg/mL).   
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Table 6.30: IL-8 expression, within and between, ExPeCT trial groups. 

 Estimate SD z Value p Value 

Exercise-Control -0.0622  0.1579 -0.3939 0.6937 

T3-T0 0.0075 0.0964 0.0774 0.9383 

T6-T0 0.2189 0.0981 2.2307 0.0257 

T6-T3 0.2114 0.1003 2.1083 0.0350 

 

 

IL-8 expression was significantly associated with CTC number and 

platelet cloaking (p=0.0337 and p=0.0081, respectively) (Table 6.31). 

 

Table 6.31: Correlation between IL-8, CTC number and platelet cloaking.  

 Estimate SD z Value p Value 

 Avg CTCs -0.0093 0.0044 -2.1241 0.0337 

Platelet Cloaking -0.3564 0.1346 -2.6470 0.0081 
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Significant correlations between additional clinical variables and IL-8 

expression were observed within group. Positive correlations between IL-

8 and haemoglobin (p=0.0450) and IL-8 and height were observed 

(p=0.0170) (Table 6.32).  

 

Table 6.32: Correlation between IL-8 expression and clinical variables. 

 Estimate SD z value p value 

BMI -0.0825 0.0790 -1.0455 0.2958 

Weight 0.0191 0.0784 0.2434 0.8077 

Height 0.1857 0.0778 2.3867 0.0170 

Hb 0.1541 0.0768 2.0051 0.0450 

WCC -0.0657 0.0592 -1.1085 0.2677 

PSA -0.0476 0.0597 -0.7967 0.4256 

Waist Circ -0.1006 0.0723 -1.3912 0.1642 
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6.1.1.11 IL-10 expression in ExPeCT trial participants 

Differences in IL-10 expression were determined in ExPeCT trial 

participants over time (Figure 6.11). No significant difference in IL-10 

expression was observed within or between ExPeCT trial groups (Table 

6.33). No significant relationship between IL-10 expression, CTC number 

and platelet cloaking was determined (Table 6.34).  
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Figure 6.11: IL-10 expression over time in ExPeCT trial participants.  

Data graphed as mean ± SEM. Control n=30, exercise n=26. 

(Data range; exercise T0 0.2-2.7 pg/mL, control T0 0.1-4.1 pg/mL, 

exercise T3 0.2-2.0 pg/mL, control T3 0.1-1.0 pg/mL, exercise T6 0.2-2.2 

pg/mL and control T6 0.1-4.5 pg/mL).   
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Table 6.33: IL-10 expression, within or between, ExPeCT trial groups. 

 Estimate SD z Value p Value 

Exercise-

Control 

0.1548 0.2225 0.6956 0.4867 

T3-T0 -0.1688 0.1488 -1.1343 0.2567 

T6-T0 -0.1495 0.1515 -0.9864 0.3239 

T6-T3 0.0194 0.1550 0.1250 0.9005 

 

. 

Table 6.34: Correlation between IL-10 expression, CTC number and 

platelet cloaking. 

 Estimate SD z Value p Value 

 Avg CTCs 0.0055 0.0066 0.8348 0.4038 

Platelet Cloaking -0.1220 0.2102 -0.5802 0.5618 
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An association between white cell count and IL-10 expression was 

observed between groups.  A positive correlation was identified in the 

exercise group (p=0.0244), with no significant association recorded in the 

control group (Table 6.35). 

  

Table 6.35: Correlation between IL-10 expression and clinical variables. 

 Estimate SD z value p value 

BMI -0.0268 0.1157 -0.2313 0.8171 

Weight -0.0110 0.1111 -0.0994 0.9208 

Height 0.0075 0.1180 0.0639 0.9491 

Hb 0.0937 0.1117 0.8394 0.4013 

PSA 0.0725 0.0867 0.8360 0.4031 

Control WCC -0.0549 0.0927 -0.5925 0.5535 

Exercise WCC 0.5195 0.2308 2.2509 0.0244 
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6.1.1.12 IL-13 expression in ExPeCT trial participants 

IL-13 expression measured in ExPeCT trial participants over time is 

highlighted in Figure 6.12.  There were no significant changes in IL-13 

expression between or within groups over time in ExPeCT participants 

(Table 6.36). There was no significant difference observed between CTC 

number, platelet cloaking and IL-13 expression (Table 6.37).  
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Figure 6.12: IL-13 expression over time in ExPeCT trial participants.  

Data graphed as mean ± SEM. Control n=30, exercise n=26. 

(Data range; exercise T0 0.7-5.5 pg/mL, control T0 0.4-2.4 pg/mL, 

exercise T3 0.4-9.4 pg/mL, control T3 0.5-3.3 pg/mL, exercise T6 0.5-3.2 

pg/mL and control T6 0.7-2.6 pg/mL).   
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Table 6.36: IL-13 expression, within or between, ExPeCT trial groups. 

 Estimate SD z Value p Value 

Exercise-Control 0.2503 0.2408 1.0397 0.2985 

T3-T0 -0.0687 0.1824 -0.3767 0.7064 

T6-T0 0.0478 0.1816 0.2633 0.7923 

T6-T3 0.1166 0.1887 0.6177 0.5368 

 

Table 6.37: Correlation between CTCs, platelet cloaking and IL-13 

expression. 

 Estimate SD z Value p Value 

 Avg CTCs -0.0020 0.0068 -0.2864 0.7746 

Control Platelet 

Cloaking 

-0.4825 0.4206 -1.1471 0.2513 

Exercise Platelet 

Cloaking 

0.7579 0.5162 1.4683 0.1420 
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A significant inverse correlation within groups was observed between IL-

13 expression and PSA (p=0.0002). A significant difference between 

groups was also determined in relation to waist circumference. An 

inverse correlation between IL-13 expression and waist circumference 

was observed in the exercise group (p=0.0123), no significant 

association was noted within the control group (Table 6.38).  

 

Table 6.38: Correlation between IL-13 expression and clinical variables.  

 Estimate SD z value p value 

BMI -0.0857 0.1276 -0.6715 0.5019 

Weight -0.1465 0.1210 -1.2106 0.2260 

Height -0.0939 0.1274 -0.7373 0.4609 

Hb -0.0273 0.1223 -0.2235 0.8231 

WCC -0.0013 0.1030 -0.0128 0.9898 

PSA -0.4534 0.1216 -3.7299 0.0002 

Waist Circ -0.1967 0.1135 -1.7339 0.0829 

Control –

Waist Circ 

0.0115 0.1595 0.0720 0.9426 

Exercise – 

Waist Circ 

-0.3910 0.1562 -2.5036 0.0123 

 

 

 

 

 

 

 

 

 

 

 



 

217 
 

6.1.1.13 TNFα expression in ExPeCT trial participants 

TNFα expression levels were determined in ExPeCT trial participants 

(Figure 6.13). There was no significant difference in TNFα expression 

within or between ExPeCT trial groups (Table 6.39). No significant 

association between CTC number, platelet cloaking and TNFα 

expression was observed (Table 6.40).  
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Figure 6.13: TNFα expression over time in ExPeCT trial participants.  

Data graphed as mean ± SEM. Control n=30, exercise n=26. 

(Data range; exercise T0 1.6-7.9 pg/mL, control T0 1.5-8 pg/mL, exercise 

T3 1.8-7.2 pg/mL, control T3 1.8-6.8 pg/mL, exercise T6 1.5-7.7 pg/mL 

and control T6 2.1-5.4 pg/mL).   
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Table 6.39: TNFα expression, within and between, ExPeCT participant 

groups. 

 Estimate SD z Value p Value 

Exercise-

Control 

-0.0465 0.1290 -0.3606 0.7184 

T3-T0 -0.0946 0.0618 -1.5321 0.1255 

T6-T0 -0.0253 0.0628 -0.4031 0.6869 

T6-T3 0.0693 0.0641 1.0808 0.2798 

 

 

Table 6.40: Correlation between TNFα expression, CTCs and platelet 

cloaking. 

 Estimate SD z Value p Value 

 Avg CTCs 0.0009 0.0031 0.2762 0.7824 

Platelet Cloaking 0.0796 0.0916 0.8682 0.3853 

 

 

A significant positive correlation between PSA and TNFα expression was 

detected within group (p=0.0426) (Table 6.41).  
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Table 6.41: Correlation between TNFα expression and clinical variables. 

 

 Estimate SD z value p value 

BMI 0.0626 0.0641 0.9776 0.3283 

Weight 0.0250 0.0635 0.3936 0.6939 

Height -0.0994 0.0657 -1.5127 0.1303 

Hb 0.0231 0.0615 0.3763 0.7067 

WCC 0.0438 0.0409 1.0722 0.2836 

PSA 0.0893 0.0440 2.0274 0.0426 

Waist Circ -0.0235 0.0548 -0.4298 0.6674 
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6.2 Discussion 

Improved understanding of the role of inflammation in metastatic PrCa, 

may influence clinical outcomes and improve QoL for patients. The 

impact of a structured exercise intervention that is inclusive of skeletal 

metastasis, the primary site of metastasis in PrCa, may aid in these 

investigations. To this end, a panel of 13 inflammatory mediators was 

chosen based on peer reviewed publications on inflammation and PrCa. 

Each inflammatory mediator was investigated individually over time in 

ExPeCT participants.  

No significant difference in mediator concentration was observed 

over time between groups. However, multiple changes were witnessed 

within groups. Significant increases in MMP9, RANTES, IL-1β and IL-8 

expression occurred within group, as well as a significant decrease in 

MMP2 expression. A number of factors may have contributed to the lack 

of difference in the inflammatory profile between groups. The structured 

exercise intervention was aerobic based and for a period of 6 months. 

This length of time may not be sufficient to witness changes in systemic 

inflammation, especially in stable disease states. Additionally, as 

resistance training has been demonstrated to impact inflammatory 

mediators in PrCa previously (Galvao et al., 2008), introduction of a 

resistance component may illicit a greater response. The significant 

fluctuations in inflammatory mediator expression within each group may 

be reflective of the nature of systemic inflammation in metastatic PrCa.  

As discussed previously, inflammation is understood to be a hallmark of 

cancer and may contribute to disease progression (Hanahan and 

Weinberg, 2011). Inflammatory mediators are released within the tumour 

microenvironment and contribute to cell signalling within the metastatic 

cascade (Stark et al., 2015). Furthermore, multiple metastatic lesions 

within this population of patients, may contribute to the significant 

changes in expression. Crosstalk between immune and inflammatory 

mediators may also have contributed to the variable levels of expression 

observed.  

Waist circumference, PSA, height, weight, BMI, white cell count 

and haemoglobin were assessed with each individual inflammatory 
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mediator. Significant correlations between PSA, haemoglobin and white 

cell count with inflammatory expression were recorded within both the 

exercise and control groups. Positive correlations were detected 

between haemoglobin and MMP9, IL-8 and IL-6 expression. Increased 

haemoglobin levels are associated with cardiac events (Chonchol and 

Nielson, 2008), and thus these results may be demonstrative of a 

relationship between cardiovascular issues or MetS and inflammation. 

Significant correlations with white cell count and IL-6 and MMP9 were 

identified. In the general non-cancer population, white cell count has 

been correlated with inflammatory mediators as an independent predictor 

of systemic inflammation (Compte et al., 2015), suggesting a similar role 

in this patient population. A positive correlation between PSA and 

expression of MMP2 and TNFα was confirmed, as well as an inverse 

correlation with expression of MMP9 and IL-13. These observations have 

not been extensively documented previously in metastatic PrCa, and 

may be indicative of disease phenotype. Taken together these results 

may be reflective of the inflammatory microenvironment in metastatic 

PrCa, and may provide useful tools for identifying future targeted 

therapies or immuno-oncology agents.  

Between ExPeCT exercise and control groups, multiple 

correlations between expression levels and clinical variables were 

determined. Positive correlations between BMI, weight and waist 

circumference with MMP2, MMP9, VEGF and IL-13 were observed within 

the control group that differed to the exercise group. The differences 

between groups in this set of variables, commonly associated with 

obesity, infers a positive impact of the exercise intervention. While 

expression levels were not significantly altered within the exercise group, 

the lack of a structured exercise intervention in the control arm may have 

contributed to the significant changes witnessed. This result indicates 

that an aerobic exercise component may have considerable benefits on 

the modulation of the relationship between obesity and inflammation in 

metastatic PrCa. Additionally, significant changes in the exercise group 

in terms of interleukin expression and white cell count and haemoglobin 

were identified. These variations between clinical variables and 
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expression levels suggest a positive impact of exercise on low grade 

systemic inflammation and markers of advanced disease. 

The relationship between CTC numbers, platelet cloaking and 

inflammatory mediators was assessed. A significant difference in IL-4 

expression effecting CTC number between the exercise and control 

groups was observed. A number of mediators (IL-8, MMP9 and VEGF) 

exhibited significant changes in expression levels within group which 

were significantly correlated with CTCs and platelet cloaking. The 

relationship between inflammatory mediators and CTCs is one that has 

been documented previously. An increase in IL-4 expression has been 

associated with CTC number in patients with breast cancer, with the 

implication that it is linked to poorer outcomes (Konig et al., 2016). 

Furthermore, MMP expression and CTCs demonstrated the potential to 

predict the onset of metastases (Skerenova et al., 2017). These findings 

may hold clinical significance in terms of markers of disease progression 

and/or new therapeutic targets. The relationship between platelet 

cloaking of CTCs and inflammation in PrCa has not been documented 

previously. The negative correlations witnessed between some of the 

inflammatory mediators and levels of platelet cloaking, may be useful 

tools in elucidating the mechanisms associated with platelet cloaking in 

PrCa.  

A limitation of this analysis is the number of participants involved. 

However, based on these findings from this study, a larger trial powered 

for these outcomes may aid in the improved understanding of the impact 

of exercise in metastatic PrCa. The results from this chapter aimed to 

elucidate the landscape of metastatic PrCa further, focussing on chronic 

systemic inflammation. The data reported provides information on 

inflammation in metastatic disease, for profiling aggressive disease 

subtypes, as well as highlighting mediators which could improve targeted 

treatment options in patients with PrCa.  
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7.0 Introduction 

ADT is currently the treatment option of choice in patients with 

disease progression. However, in spite of initial ADT success, all patients 

will eventually progress to CRPC. A range of treatment options, including 

cabazitaxel, abiraterone acetate, radium-223 and enzalutamide 

(Chrvala, 2012), have been developed to tackle disease progression in 

CRPC in recent years. One such agent, enzalutamide, an oral AR 

signalling inhibitor that binds to the ligand-binding domain of the AR and 

blocks translocation to the nucleus, significantly increased survival in 

patients with metastatic CRPC, both after treatment with chemotherapy 

and in chemotherapy naive patients (Scher et al., 2012, Beer et al., 

2014).  

The efficacy of enzalutamide in comparison to other single agents 

has also been documented. Bicalutamide, a second-line hormonal agent, 

has been utilised in the treatment of CRPC. A randomised trial of 

bicalutamide vs. enzalutamide, established a significant reduction in 

disease progression when treated with enzalutamide in comparison to 

bicalutamide. However, in spite of some success, acquired resistance is 

a clinical issue (Kregel et al., 2016). Additionally, a large portion of 

patients demonstrate intrinsic resistance (20-40%) from the outset 

(Antonarakis et al., 2014).   Although not yet fully understood, resistance 

is thought to be due in part to the generation of AR variants, such as AR-

V7, among other mechanisms. In CRPC cell lines, AR variants were 

determined to play a role in enzalutamide resistance by aiding AR 

transcription and activating AR associated genes, mediating cell 

proliferation (Li et al., 2013). AR variants may have undergone alternative 

splicing, resulting in the loss of the ligand binding domain, thus allowing 

specific variants to be unaffected by antagonists whose role it is to bind 

to the ligand-binding domain (Bubley and Balk, 2017). In a study 

examining AR-V7 expression on CTCs, it was established that in patients 

with CRPC with AR-V7 positive CTCs, intrinsic resistance to both 

enzalutamide and abiraterone acetate is commonplace (Antonarakis et 

al., 2014). Currently, no data is publicly available on the numbers of 

patients in Ireland undergoing treatment with Enzalutamide, highlighting 
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the novelty of these data and long term effects. Weight gain during ADT 

and the eventual resistance to anti-androgen treatment suggests the 

development of obesity may be linked to obesity related inflammation. 

As outlined previously, obesity and MetS are associated with 

disease progression in PrCa (Hsing et al., 2007), yet the relationship 

between enzalutamide resistance, MetS, obesity and inflammation 

remains poorly understood. Conteduca et al. investigated the role 

between MetS, inflammation and enzalutamide/abiraterone treatment in 

patients with CRPC. The study identified significantly poorer overall 

survival and poorer progression free survival post treatment in patients 

with CRPC, who met the criteria for MetS and a pro-inflammatory state 

(Conteduca et al., 2018). These outcomes highlight the need for further 

investigation in this area. The ExPeCT trial aimed to further assess the 

role of MetS and obesity in metastatic PrCa by assessing mRNA 

expression levels of a panel of lethality-associated obesity and 

coagulation related genes (Table 7.1) in ExPeCT participant NCBs. This 

gene signature was derived from a dataset of genes known to be 

associated with lethal PrCa, generated by collaborator Professor Lorelei 

Mucci’s research group using data from the HPFS (unpublished data) 

(Figure 7.1) (Harvard TH Chan School of Public Health). This signature 

was identified based on the role of the genes in obesity and coagulation.  
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Table 7.1: Summary of lethality-associated gene panel. 

 

 

 

 

 

 

 

Gene of 

Interest 

 

Full Name 

 

Role 

 

CXCR4 

 

 

Chemokine 

Receptor 4 

Aids bone metastasis (Conley-

LaComb et al., 2016), mediates 

recruitment of adipose tissue-

derived stromal cells by PrCa 

cells (Lin et al., 2010) 

 

 

PLA2G7 

 

 

Phospholipase 

A2, group VII 

Increased oxidised phospholipids, 

inhibited by statin use, aids 

invasion in PrCa (Vainio et al., 

2011) 

 

PTGER1 

 

 

Prostaglandin E 

Receptor 1 

Role in COX2 pathway and 

inflammation, ERG activation 

cancer progression (Mohamed et 

al., 2011) 

 

AVPR2 

 

 

Arginine 

Vasopressin 

Receptor 2 

Arginine vasopressin present in 

different cancers, may have effect 

on tumour growth and metabolism 

(North, 2000) 

 

HTRB2 

 

 

5-

Hydroxytryptami

ne (serotonin) 

Receptor 2B 

Binds serotonin, present in low 

and high grade PrCa tumours 

(Dizeyi et al., 2005)  
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The aims of this chapter were to a) determine the expression 

levels of a lethality associated gene signature in ExPeCT diagnostic 

NCBs and a panel of PrCa cell lines, b) to determine the expression of a 

lethality associated gene expression profile in enzalutamide resistance 

in vitro, c) examine the effect of adiponectin and leptin on enzalutamide 

resistant cell lines in vitro, d) to establish the effect of adipocyte 

conditioned media on enzalutamide resistant cell lines in vitro. 

 

 

 

Figure 7.1: Outline of lethality gene signature analysis in ExPeCT 

NCBs. 
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7.1 Results 

7.1.1 Expression of lethality associated gene signature in 

ExPeCT participant NCBs 

Diagnostic NCBs were available for n=38 ExPeCT participants. Gene 

expression data was normalised based on an endogenous control 

(GAPDH) and quantified using ∆ ∆CT method to calculate relative 

quantification (RQ) based on a reference sample of 1 (Figure 7.2). 

Statistical analysis of this data was performed in conjunction with Dr 

Bryan Stanfill (Study statistician).  

 

 

 

Figure 7.2: RQ expression of ExPeCT NCB (n=38). 
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Each gene was compared to the panel of inflammatory mediators 

assessed in ExPeCT participants at T0, in addition to clinical variables 

and CTCs, using a linear mixed model with a Gaussian response on the 

log base 2 scale. A Bonferroni correction was applied to eliminate false 

positives results, resulting in a new threshold for statistical significance 

(AVPR2 – p=0.0014, CXCR4 – p=0.0016, HTR2B – p=0.0017, PLA2G7 

– p=0.0017 and PTGER1 – p=0.0017). A significant inverse correlation 

was observed between AVPR2 and resistin expression (p=0.0002) in 

ExPeCT participants (Figure 7.3, Table 7.2). Additionally, inverse 

correlations were observed between PTGER1 and IL-13 and IL4 

between groups (p<0.0000) (Figure 7.4, Table 7.3). No significant 

associations were identified between CXCR4, HTR2B or PLA2G7 

(Appendix VIII) inflammatory mediators (Table 6.1) or clinical variables.  

 

 

Figure 7.3: Correlation between AVPR2 gene expression and resistin 

expression in ExPeCT control group participants. 

 

 

 

 



 

231 
 

Table 7.2: Correlation between AVPR2 gene expression, inflammatory 

mediators and clinical variables. 

 Estimate SD z_value p_value 

Exercise - Control -2.7450 1.0531 -2.6065 0.0091 

Weight -0.0070 0.6212 -0.0113 0.9911 

Height 0.4683 0.6123 0.7648 0.4533 

Hb 0.2624 0.6185 0.4243 0.6759 

WCC 0.4659 0.6124 0.7607 0.4557 

PSA -0.9104 0.5869 -1.5512 0.1365 

WCir 0.2020 0.6491 0.3112 0.7590 

AvgCTCs 0.0020 0.0629 0.0323 0.9746 

Adiponectin 0.1212 0.6417 0.1889 0.8523 

C_peptide 0.1972 0.6767 0.2913 0.7743 

IL10 -1.2570 0.5699 -2.2056 0.0407 

IL17A 0.1310 0.6416 0.2042 0.8405 

IL4 -0.3676 0.9546 -0.3851 0.7134 

IL8 0.7719 0.6160 1.2530 0.2263 

Leptin 0.2910 0.7755 0.3753 0.7131 

MMP2 0.0034 0.6423 0.0053 0.9958 

RANTES -0.8304 0.6118 -1.3572 0.1915 

VEGF 0.7086 0.6203 1.1424 0.2683 

Control-BMI 0.9038 0.7793 1.1599 0.2461 

Exercise-BMI -1.0110 0.7632 -1.3248 0.1852 

Control-Cloaking 1.7890 1.8128 0.9869 0.3237 

Exercise-Cloaking -4.8121 2.3950 -2.0092 0.0445 

Control-CCL2 -0.7696 0.5539 -1.3894 0.1647 

Exercise-CCL2 1.8524 0.7943 2.3320 0.0197 

Control-IL13 -8.8029 5.0554 -1.7413 0.0816 

Exercise-IL13 0.3315 0.5980 0.5544 0.5793 

Control-IL1β -5.7672 2.7223 -2.1185 0.0341 

Exercise-IL1β -0.8504 0.5565 -1.5282 0.1265 

Control-IL6 -1.0068 0.6171 -1.6314 0.1028 

Exercise-IL6 1.7752 1.0526 1.6864 0.0917 

Control-MMP9 -0.1855 0.5603 -0.3311 0.7406 

Exercise-MMP9 2.4295 0.9704 2.5036 0.0123 

Control-Resistin -1.8880 0.5150 -3.6658 0.0002 

Exercise-Resistin 1.3857 0.5495 2.5218 0.0117 

Control-TNFa -1.2645 0.9517 -1.3287 0.1839 

Exercise-TNFa 0.6352 0.5952 1.0672 0.2859 
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Figure 7.4: Correlation between PTGER1 gene expression, and IL-13, 

and IL-4 expression between ExPeCT groups.  
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Table 7.3: Correlation between PTGER1, inflammatory mediators and 

clinical variables. 

 Estimate SD z_value p_value 

Exercise - Control -1.4210 1.7647 -0.8052 0.4207 

BMI 0.8671 0.9029 0.9604 0.3531 

Weight 0.8050 0.9070 0.8876 0.3898 

Height -0.2563 0.9296 -0.2757 0.7868 

Hb -0.5653 0.9198 -0.6146 0.5487 

WCC 0.4930 0.9228 0.5343 0.6015 

PSA -1.3954 0.8543 -1.6334 0.1247 

WCir 0.4947 0.9914 0.4989 0.6262 

AvgCTCs 0.2140 0.1361 1.5719 0.1383 

Cloaking -0.2291 2.3116 -0.0991 0.9225 

Adiponectin -1.2596 0.8850 -1.4233 0.1801 

C_peptide -0.6681 0.8119 -0.8230 0.4280 

CCL2 0.1995 0.9550 0.2089 0.8380 

IL17A 0.3863 0.9502 0.4065 0.6915 

IL1β 0.9741 1.2331 0.7900 0.4523 

IL6 0.6332 0.9391 0.6742 0.5130 

IL8 0.1768 0.9554 0.1851 0.8563 

Leptin -0.8358 1.2036 -0.6944 0.5049 

MMP2 -0.2515 0.9540 -0.2636 0.7966 

MMP9 -0.0964 0.9564 -0.1008 0.9214 

RANTES -0.6632 0.9374 -0.7075 0.4928 

Resistin -0.0303 0.9567 -0.0317 0.9753 

TNFa -0.0885 0.9564 -0.0925 0.9278 

VEGF 0.3942 0.9499 0.4150 0.6861 

Control-IL10 -0.1715 0.9049 -0.1895 0.8497 

Exercise-IL10 -3.2618 1.4304 -2.2802 0.0226 

Control-IL13 -5.6449 1.3070 -4.3191 0.0000 

Exercise-IL13 -3.0523 0.1865 -16.3631 0.0000 

Control-IL4 -2.1351 0.0507 -42.1430 0.0000 

Exercise-IL4 -0.7969 0.1534 -5.1948 0.0000 
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7.1.2: Gene expression in PrCa cell lines 

7.1.2.1 Adipokine associated gene expression profile 

A gene expression profile, adiponectin, leptin and their associated 

receptors, was assessed in a panel of 8 prostate cell lines (5 malignant 

(DU145, PC-3, 22RV1, LNCaP and VCaP), 2 normal (PWREI and 

RPWEI) and one BPH). Data was normalised based on an endogenous 

control (GAPDH) and fold change calculated in reference to a calibrator 

sample, RPWEI. Significant differences in AdipoR1 were observed 

between cell lines (Figure 7.5). A lower expression level of AdipoR1 was 

demonstrated in all cancer cell lines and BPH vs. RPWE1. Significant 

differences between the prostate cell lines and AdipoR2 were also 

observed. As witnessed with AdipoR1, lower levels of AdipoR2 

expression were evident in all cancers cell lines and BPH1 vs. RPWEI. 

A significant difference between the prostate cell lines and LepR 

expression was also identified. Expression of adiponectin was observed 

only in PC-3 cells (Appendix X). No expression of leptin was observed in 

any of the cell lines. 
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ω – p<0.05, PWREI vs. RPWEI 

δ – p<0.05, DU145 vs. PC-3, DU145 vs. LNCaP, DU145 vs. RPWEI 

γ – p<0.05, PC-3 vs. VCaP, PC-3 vs. BPH-1, PC-3 vs. PWREI 

ψ - p>0.05, 22RV1 vs. RPWEI 

λ – p<0.05, VCaP vs. RPWEI 

σ – p<0.05, BPH-1 vs. RPWEI 

 

 

 

 

 

 



 

236 
 

R
P

W
E

I

P
W

R
E

I

D
u

1
4
5

P
C

-3

2
2
R

v
1

L
N

C
a
P

V
C

a
P

B
P

H
-1

0 .0

0 .5

1 .0

1 .5

A d ip o R 2

C e ll L in e

F
o

ld
  

C
h

a
n

g
e





 

 

B

 

 

 

α – p<0.05, DU145 vs. PWREI, DU145 vs. RPWEI 

β – p<0.05, PC-3 vs. PWREI, PC-3 vs. RPWEI 

δ – p<0.05, 22RV1 vs. PWREI, 22RV1 vs. PWREI 

Φ – p<0.05, LNCaP vs. PWREI, LNCaP vs. RPWEI 

γ – p<0.05, VCaP vs. PWREI, VCaP vs. RPWEI 

λ – p<0.05, BPH-1 vs. PWREI, BPH-1 vs. RPWEI 
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σ – p<0.05, PWREI vs. RPWEI 

α – p<0.05, DU145 vs. PWREI 

β – p<0.05, PC-3 vs. PWREI, PC-3 vs. RPWEI 

δ – p<0.05, 22RV1 vs PWREI, 22RV1 vs. RPWEI 

γ – p<0.05, LNCap vs. PWREI, LNCaP vs. RPWEI 

λ – p<0.05, VCaP vs. PWREI, VCaP vs. RPWEI 

Φ – p<0.05, BPH-1 vs. PWREI, BPH-1 vs. RPWEI 

 

Figure 7.5: Expression of adipokine associated gene profile in prostate 

cell lines.  

A) Expression of AdipoR1. 

B) Expression of AdiopR2. 

C) Expression of LepR. 

Data graphed as mean ± SEM (n=3). Data analysed using a one-way 

ANOVA followed by a Tukey post hoc test. 
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7.1.2.3 Lethality associated gene signature in prostate cell lines 

The lethality associated gene signature was determined in a panel of 

prostate cell lines. Data was normalised based on an endogenous control 

(GAPDH) and fold change calculated in reference to a calibrator sample 

(RPWEI) (Figure 7.6). Expression of CXCR4 was significantly higher in 

DU145 compared with all other cell lines (p<0.05). Significant increases 

in PLA2G7 expression were observed across multiple cell lines. PC-3 

and 22Rv1 displayed the largest increases in fold change vs. RPWE1. 

As per PLA2G7 expression, PC-3 and 22Rv1 displayed the largest 

increases in fold change vs. RPWE1 for PTGER1. No expression of 

HTR2B was observed across the panel of cell lines. Expression of 

AVPR2 was recorded in PC-3, BPH-1, PWREI and RPWEI cell lines only. 

A significant difference in expression was observed between PC-3 and 

each of the other cell lines.  
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α -  p>0.05, DU145 vs. PC-3, DU145 vs. 22RV1, DU145 vs .LNCaP, 

DU145 vs. BPH-1, DU145 vs. PWREI and DU145 vs. RPWEI. 
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δ – p<0.05, DU145 vs. PC-3, Du145 vs. 22RV1 

α – p<0.05, PC-3 vs. 22RV1, PC-3 vs. LNCaP, 22RV1 vs. BPH-1, 22RV1 

vs. PWREI and 22RV1 vs. RPWEI 

Φ – p<0.05, 22RV1 vs. LNCaP, 22RV1 vs. BPH-1, 22RV1 vs. PWREI 

and 22RV1 vs. RPWEI 
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δ – p<0.05, DU145 vs. PC-3, DU145 vs. 22RV1 

λ - p<0.05, PC-3 vs. 22RV1, PC-3 vs. LNCaP, PC-3 vs. BPH-1, PC-3 vs. 

PWREI and PC-3 vs. RPWEI 

Φ – p<0.05, 22RV1 vs. LNCaP, 22RV1 vs. BPH-1, 22RV1 vs. PWREI 

and 22RV1 vs. RPWEI 
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β - p<0.05, PC-3 vs. RPWEI, PC-3 vs. PWREI and PC-3 vs. BPH-1 

 

Figure 7.6: Expression of lethality associated gene signature in prostate 

cell lines.  

A) Expression of CXCR4. 

B) Expression of PLA2G7. 

C) Expression of PTGER1. 

D) Expression of AVPR2. 

Data graphed as mean ± SEM (n=3). Data analysed using a one-way 

ANOVA followed by a Tukey post hoc test.  
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7.1.3: SGBS cell line differentiation 

SGBS cells were utilised for co-culture experiments with the 

Enzalutamide cell line panel. Differentiation of SGBS cells occurred over 

a period of 14 days (Wabitsch et al., 2001). Differentiation was confirmed 

by Oil red O staining at day 0, day 7 and day 14 (Figure 7.7). Pre-

adipocytes were used as a control, marking the absence of lipid droplets.  

 

Figure 7.7: Differentiation of SGBS cell line, at day 0, day 7 and day 14. 

Oil red O depicts lipid droplet formation present on the cells.  

Pre – pre differentiated adipocytes (SGBS) 

Diff – differentiated adipocytes (SGBS) 
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Confirmation of the differentiation of the SGBS cells was characterised 

by a fat cell specific gene expression panel (Wabitsch et al., 2001, Allott 

et al., 2012). Pre-differentiated and differentiated SGBS cells were 

assessed for the expression of glucose transporter type 4 (GLUT4), 

lipoprotein lipase (LPL), adipocyte protein 2 (AP2) and peroxisome 

proliferator activated receptor gamma 2 (PPARg2). Samples were 

normalised to an endogenous control (18S) and analysed in reference to 

a calibrator sample (day 0). No significant difference in LPL or AP2 

expression was observed over time in the pre-differentiated cells (Figure 

7.8). Detection of GLUT4 and PPARg2 was beyond the limit of detection 

in the pre-differentiated cell line. 
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Figure 7.8: Gene expression in pre-differentiated SGBS cells.  

A) Expression of LPL. 

B) Expression of AP2. 

Data graphed as mean ± SEM (n=3).  
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In the differentiated SGBS cells, no significant difference in LPL or AP2 

expression was observed overt time (Figure 7.9). In contrast to the pre-

differentiated cells, expression of GLUT4 and PPARg2 was determined 

at day 7 and day 14 in the differentiated SGBS cells. No significant 

difference in expression was observed over time. 
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Figure 7.9: Gene expression in differentiated SGBS cells.  

A) Expression of LPL. 

B) Expression of AP2. 

C) Expression of PPARg2. 

D) Expression of GLUT4. 

Data graphed as mean ± SEM (n=3).  
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7.1.4 Enzalutamide resistant PrCa cell line panel 

An isogenic model of Enzalutamide resistance was used to examine the 

role of inflammation in drug resistance (Cells were a kind gift from Dr 

Manav Korpal, Novartis Institute for BioMedical Research (Korpal et al., 

2013)). Briefly, short term culture of LNCaP cells with Enzalutamide 

generated resistant clones. These clones were isolated, cultured and 

characterised based on the levels of resistance observed (Korpal et al., 

2013). The model in this study consisted of an age matched control cell 

line (Control) and two sub-lines with varying resistance to enzalutamide 

as outlined in Table 7.4.  

 

Table 7.4: Enzalutamide resistant cell lines. 

  

Clone 

 

 

Enzalutamide 

Resistance 

 

Control 

 

CTRL 

 

 

Control cell line 

 

Clone 1 

 

C1 

 

 

Enzalutamide 

Resistant 

 

Clone  9 

 

C9 

 

Weakly Resistant to 

Enzalutamide 
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7.1.5: Gene expression analysis in Enzalutamide resistant cell 

line panel 

7.1.5.1 Adipokine associated gene expression profile in 

Enzalutamide resistant cell line panel 

Basal gene expression was analysed on the Enzalutamide resistant cell 

lines. Cells from this model were also co-cultured in adipocyte 

conditioned media (ACM), generated from SGBS cells. All cells were 

examined for the expression of the adipokine associated gene 

expression profile. Samples were normalised against endogenous 

control, GAPDH, and fold change was calculated in reference to a 

calibrator sample (Appropriate untreated Ctrl line for both basal and co-

cultured). No significant difference in AdipoR1 expression was observed 

under basal or ACM conditions (Figure 7.10). A significant increase in 

AdipoR2 expression was observed between the C1 and C9 cell lines 

(p=0.0486). A significant difference in LepR expression was observed 

between C1 and C9 ACM cell lines (p=0.0242). 

 

 

 

 

 

 

 

 

 

 

 

 



 

250 
 

C
tr

l
C

1
C

9

C
tr

l 
A

C
M

C
1
 A

C
M

C
9
 A

C
M

0

5

1 0

1 5

A d ip o R 1

C e ll L in e

F
o

ld
  

C
h

a
n

g
e

A

 

 

C
tr

l
C

1
C

9

C
tr

l 
A

C
M

C
1
 A

C
M

C
9
 A

C
M

0

5

1 0

1 5

A d ip o R 2

C e ll L in e

F
o

ld
  

C
h

a
n

g
e



B

 

 

δ – p<0.05, C1 vs. C9 
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β – p<0.05, C9 ACM vs. C1 

 

Figure 7.10: Adipokine associated gene expression in Enzalutamide 

resistant panel.  

A) Expression of AdipoR1. 

B) Expression of AdipoR2. 

C) Expression of LepR. 

Data graphed as mean ± SEM. Data analysed using a non-parametric 

one-way ANOVA Kruskal-Wallis.*p<0.05 
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Basally, no mRNA expression of adiponectin and leptin was observed in 

the cell line panel. However, both were detected in cells co-cultured in 

ACM. No significant difference in leptin or adiponectin expression was 

determined between the cell lines (Figure 7.11).  
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Figure 7.11: Expression of leptin and adiponectin in Enzalutamide 

resistant adipocyte conditioned panel.  

Data graphed as mean ± SEM. 
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7.1.5.2 Lethality associated gene signature in Enzalutamide 

resistant cell line panel 

Expression of the lethality associated gene signature was determined in 

the Enzalutamide cell line panel. Samples were normalised against 

endogenous control, GAPDH, and fold change was calculated in 

reference to a calibrator sample (Ctrl line, basal and ACM). No significant 

difference in CXCR4 expression was observed across all cell lines in 

panel (Figure 7.12). Analysis of PTGER1 data was not possible as 

detection was beyond the sensitivity of the assay. Expression of HTR2B 

was not detected in any of the cell lines in this panel under basal or ACM 

conditions. AVPR2 expression was detected in the C1, C9 and C1 ACM 

cell lines only (Appendix X). No significant difference in PLA2G7 

expression was identified between the cell lines.  
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Figure 7.12: Expression of CXCR4 and PLA2G7 in Enzalutamide cell 

line panel. 

Data graphed as mean ± SEM.  
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7.1.6 Effect of adiponectin and leptin on Enzalutamide 

resistant cell line panel 

The effect of adipokines, adiponectin and leptin, on cell proliferation was 

assessed by BrdU assays. A time-course, utilising 200 ng/mL leptin and 

50 mg/mL adiponectin, was completed at 24 hr, 48 hr and 72 hr in each 

of the cell lines. Proliferation was calculated compared with the 

UTcontrol, which was set at 100%. No significant changes in proliferation 

were observed over time (Figure 7.13).  

 

 

 

 

 

Figure 7.13: Time-course of the proliferative effect of 200 ng of 

recombinant leptin on Enzalutamide resistant PrCa cell line panel.  

Data graphed as mean ± SEM (n=3) 
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Treatment with 50 mg of adiponectin generated no significant change in 

proliferation rate on the cell lines at 24 hr, 48 hr and 72 hr (Figure 7.13). 
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Figure 7.14: Time-course of the proliferative effect of 50 mg of 

recombinant adiponectin on Enzalutamide resistant PrCa cell line panel.  

Date graphed as mean ± SEM (n=3),  
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7.1.7: Effect of adipocyte conditioned media on Enzalutamide 

resistant cell line panel 

The Enzalutamide resistant panel was treated for 24 hr with adipocyte 

conditioned media from pre and differentiated SGBS cells at day 0, 7 and 

14. Proliferation was calculated as a percentage increase/decrease in 

comparison with the UT (untreated control, which was untreated pre and 

differentiated media) set at 100%. No significant difference in proliferation 

was detected across all cell lines (p=0.7729) (Figure 7.15).  

 

 

 

Figure 7.15: Proliferative effect of pre and differentiated SGBS 

conditioned media on Enzalutamide resistant cell line.  

Data graphed as mean ± SEM (n=3). 
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ACM from co-culture experiments at day 14, was used to culture the 

Enzalutamide resistant panel and the rate of proliferation determined. 

Significant differences were observed between Enzalutamide cell lines 

(p<0.05) (Figure 7.16). 
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Figure 7.16: Proliferative effect of co-culture conditioned media on 

Enzalutamide resistant cell line panel.  

Date graphed as mean ± SEM (n=3). Data analysed using a one-way 

ANOVA followed by a Tukey post hoc test. 

α - p<0.05, Ctrl pre day 14 vs. C9 pre day 14, Ctrl pre day 14 vs. C9 diff 

day 14 

β – p<0.05, Ctrl diff day 14 vs. C1 pre 14, ctrl diff 14 vs. c9 pre day 14, 

Ctrl diff 14 vs. C9 diff 14 

 δ – p<0.05, C1 pre day 14 vs. C9 pre day 14, C1 pre day 14 vs. C9 diff 

14, c1 diff 14 vs. c9 pre day 14,  C1 diff day 14 vs. c9 diff day 14 

γ – p<0.05, C1 diff day 14 vs. C9 pre day 14, C1 diff day 14 vs. C9 diff 

day 14 

Φ – p<0.05, C9 pre day 14 vs. UT pre, C9 pre day 14 vs. UT diff 

λ – p<0.05, C9 diff day 14 vs. UT pre, C9 diff day 14 vs. UT diff 
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7.1.8: Expression of adiponectin and C-Peptide in 

Enzalutamide resistance cell lines 

Secreted levels of adiponectin, leptin, resistin and C-peptide were 

determined in cell supernatant from the Enzalutamide cells under 

standard cell culture conditions and in the Enzalutamide cells exposed to 

ACM. Levels of leptin and resistin were below the level of sensitivity of 

the assay. No significant differences in adiponectin were observed 

between cell lines (Figure 7.17). A significant change in C-peptide 

expression between the basal C1 and C9 cell lines was observed 

(p=0.0088). 
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δ – p<0.05, C1 vs. C9 

 

Figure 7.17: Secreted levels of adiponectin and C-peptide in the 

Enzalutamide resistant cell line panel.  

A) Expression of adiponectin. 

B) Expression of C-peptide. 

Date graphed as mean ± SEM (n=3). Data analysed using a one-way 

ANOVA followed by a Tukey post hoc test. 
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7.2 Discussion 

The treatment landscape of metastatic PrCa is hampered by the eventual 

onset of treatment resistance, in both ADT and second-generation anti-

androgens. Additional factors, such as obesity and MetS, may influence 

disease progression in the tumour microenvironment by promoting a pro-

inflammatory effect (Himbert et al., 2017).  Targeting the obesity related 

inflammatory pathways and mechanisms of resistance may provide 

improved treatment strategies with the overall aim of improving the lives 

of patients living with metastatic PrCa. Gene expression analysis of 

diagnostic NCBs may provide insight into these pathways and the onset 

of disease progression. The overall aim of this chapter was to utilise 

NCBs to examine expression of a lethality associated gene signature and 

to further understand the interaction between obesity and Enzalutamide 

resistance in metastatic PrCa.  

The ExPeCT trial aimed to investigate the role of a lethality 

associated gene signature, with links to obesity and coagulation, in 

diagnostic NCBs associated with the trial participants. Three significant 

correlations were observed between genes in this panel and 

inflammatory mediator data, previously established in ExPeCT 

participants. An inverse correlation between AVPR2 and resistin 

expression was observed. AVPR2 has been implicated as having a role 

to play in carcinogenesis in breast and lung cancers (North, 2000). 

However in spite of having been previously identified as a gene 

associated with lethality (unpublished data), the role of AVPR2 has not 

been fully elucidated in PrCa. As resistin has been linked to proliferation 

in PrCa (Kim et al., 2011), the inverse correlation observed in this study, 

may be indicative of a role between AVPR2 and obesity. Significant 

inverse correlations were also observed between PTGER1 and IL-4 and 

IL-13 expression levels. IL-4 and IL-13 are typically associated with a pro-

inflammatory environment in PrCa (Terabe et al., 2004, Goldstein et al., 

2011) and this finding may demonstrate a relationship between lethality 

gene expression and chronic inflammation. The role of PTGER1 in PrCa 

has been associated with the ERG fusions, which are present in 

approximately 50% of PrCa cases (Mohamed et al., 2011).  Identification 
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of genomic alterations present in ExPeCT participants NCBs may enable 

further clarification on the role between PTGER1 and inflammation in 

patients with metastatic PrCa. Based on the novel nature of these 

findings and the potential role of exercise as a successful adjunct to 

treatment in PrCa, investigation into a correlation between the lethality 

associated gene expression signature, biological outcomes and physical 

activity is necessitated in future studies.   

To further the investigation into gene expression and biological 

outcomes, in vitro cell line experiments were performed utilising a panel 

of prostate cell lines, that incorporated malignant, normal and BPH 

phenotypes. Of this panel, 3 cell lines, LNCaP, 22RV1 and VCaP, 

express the AR-V7 variant, associated with treatment resistance 

(Antonarakis et al., 2014), suggesting potential of this panel to further 

understanding into treatment resistance and obesity. An adipokine 

expression profile, consisting of adiponectin and leptin and their 

associated receptors, was determined within the panel of cells. No 

expression of the adiponectin and leptin ligands was detected throughout 

the panel. In contrast to the ligands, significant differences in expression 

of each receptor were observed between cell lines. Generally, expression 

of AdipoR1 was significantly lower in the malignant cells when compared 

to the normal cells. Significant differences in expression were also 

observed between BPH-1 and normal prostate cells. These data indicate 

reduced expression of AdipoR1 in disease progression. This finding was 

mirrored in the comparison of AdipoR2 and LepR expression across each 

of the cell lines. Each of the malignant lines exhibited significantly 

reduced expression in comparison to the normal cells, including reduced 

expression of the BPH-1 cell line. Decreased expression of adiponectin 

receptors has been linked to insulin resistance and MetS (Kadowaki, 

2006), thus the findings in this study support evidence of the relationship 

between obesity and progression in PrCa. The significant difference in 

expression between BPH-1 cells and normal prostate cells, may infer the 

initial alterations in adiponectin expression in changing prostate cell 

phenotypes. Conflicting reports exist in the literature with respect to 

AdipoR1 and AdipoR1 in PrCa. A study by Michalakis et al., reported 
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reduced expression of both receptors in men with PrCa (Michalakis et al., 

2007), however a subsequent study by Rider et al. reported a positive 

correlation between AdipoR2 expression and aggressive disease in PrCa 

(Rider et al., 2015). These data highlight the need for further investigation 

into the role of AdipoR1 and AdipoR2 in PrCa and this in vitro analysis 

may aid in the elucidation of the correlation between adiponectin and 

PrCa. Based on the documented inverse correlation between 

adiponectin and leptin (Lubkowska et al., 2015), low expression of the 

adiponectin receptors may be linked to the high level of LepR observed 

in the normal prostate cells (PWREI). A previous study has shown that 

low expression of LepR in tumours, demonstrating positive surgical 

margins and seminal vesical invasion, is suggestive of a negative 

correlation between LepR and disease progression (Osorio et al., 2014), 

which may provide an explanation for the low levels observed in 

malignant cells in this panel. This in vitro data, signifies a potential role 

of LepR as a marker of advanced disease and may hold potential as a 

therapeutic target.  

Expression of the lethality associated gene signature was also 

determined in this panel of prostate cell lines. A significant increase in 

CXCR4 expression was observed in the DU145 cell line when compared 

to each of the other lines, irrespective of origin. DU145 cell line was 

derived from PrCa brain metastasis and demonstrated aggressive 

properties.  CXCR4 has been strongly implicated in the metastatic 

cascade (Xing et al., 2008), and the results determined in this study are 

in agreement with the literature. High expression of PLA2G7, AVPR2 and 

PTGER1 was identified in 22RV1 and PC-3 cell lines. As a lethality 

signature, up-regulation of these genes are indicative of a worse 

prognosis, hence these findings imply a correlation between high 

expression and advanced disease in PrCa. 22Rv1 cells express AR and 

ARV-7, while PC-3 cells are androgen independent. The contrasting 

profiles of these cells, highlights the heterogeneous nature of aggressive 

PrCa and warrants further investigation into the impact of these 

phenotypes on treatment resistance. 
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To further underpin the relationship between treatment resistance 

and obesity in PrCa, an Enzalutamide resistant panel of cells was 

acquired. Each of the cell lines in the panel had positive expression of 

AR, with C1 (resistant to Enzalutamide) demonstrating increased 

expression of AR-V7 in comparison to C9 (weakly resistant to 

Enzalutamide) (Greene et al., manuscript in preparation).  Co-culture of 

these cells with pre and differentiated SGBS fat cells, allowed for the 

modelling of an obesity related environment. The adipokine and lethality 

associated gene expression profiles were determined in this panel of 

cells. The lethality gene signature, identified no significant correlations 

between expression and Enzalutamide resistance, both at a basal level 

and in ACM. This may indicate that these genes are not implicated in the 

mechanisms involved in Enzalutamide resistance. Larger scale gene 

expression analysis could identify a gene signature of interest in this 

panel. 

 Examination of the adipokine associated expression profile, 

produced mixed results. In the basal cell panel, no significant differences 

in expression were observed in relation to AdipoR1, however significant 

differences were observed in AdipoR2 expression between the C1 and 

C9 cell lines. The increased levels of AdipoR2 in C9, may suggest a role 

between weak levels of resistance and obesity. A correlation between 

the ACM and basal cell panel was observed in terms of LepR expression. 

A significant difference in expression as observed between C1 and C9 

ACM, with increased expression observed in C9 ACM. This change in 

expression, implies an effect of the ACM on LepR expression and could 

signify differences between levels of Enzalutamide resistance. 

Interestingly, expression of adiponectin and leptin was observed in the 

ACM panel, despite not have being detected in any of the other prostate 

cell lines. The co-culture conditions may have stimulated the secretion of 

adiponectin and leptin in this cohort of cells, altering the expression 

profile, which may have implications in resistance to treatment. To further 

assess the level of secretion of adipokines, cell supernatant was 

analysed on the Meso-Scale Discovery platform. Although secreted 

levels of leptin and resistin were below the sensitivity of the assay, 
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adiponectin secretion was detected across the basal and ACM panels. 

However, no significant differences were observed. C-peptide secretion 

was also assessed, as a surrogate marker for insulin resistance, and a 

significant difference in expression was observed between basal C1 and 

C9. The high expression of C-peptide in the C1 line, suggests a possible 

connection between insulin resistance and the development of 

Enzalutamide resistance. IGF, which is related to insulin resistance, has 

been implicated in the advancement of PrCa (Yanase, 2017, Friedrich et 

al., 2012).  

The proliferative effect of adiponectin and leptin on the 

Enzalutamide resistant panel was determined. No significant differences 

in proliferation were observed, however a trend towards increased 

proliferation was observed over time. Noda et al., demonstrated an 

increase in proliferation with treatment of leptin over a period of 28 days 

(Noda et al., 2015), which suggests that over an increased time-frame, 

these adipokines may begin to demonstrate an effect on proliferation 

similar to effects observed in vivo. The proliferative effect of ACM from 

co-culture was also examined. Significant differences in proliferation 

were observed across the cell lines. Ctrl and C9 proliferation rates were 

significantly higher in comparison to the C1 cell line. Based on the level 

of Enzalutamide resistance in the C1 cell line, this finding may highlight 

a role between resistance, obesity and proliferation in PrCa.  

The results from this chapter indicate a possible role between 

Enzalutamide resistance and obesity in PrCa. From a clinical 

perspective, elucidating the association between resistance mechanisms 

and obesity, may aid in the improvement of new therapeutic targets.  
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8.0 Discussion 

Globally, PrCa is the most common type of cancer for males. While 

survival rates are high for primary or localised PrCa, the onset of 

metastasis and eventual resistance to treatment, causes an increase in 

mortality (NCRI, 2017). The need for new targeted therapeutic strategies 

and increased understanding of biological pathways involved in the 

metastatic cascade is warranted. The overall aim of this thesis was to 

examine the relationship between inflammation, obesity, CTCs and 

exercise in a prospective cohort of patients with advanced PrCa.  

Personalised medicine, an individualised treatment based on 

biological analysis, has been an area of interest for a number of years 

but has not yet been fully realised. Patient to patient heterogeneity is 

extensively documented in localised PrCa (Shoag and Barbieri, 2016), 

thus profiling molecularly distinct subtypes may aid in targeted treatment 

options. Profiling of common genomic alterations and distinct molecular 

subtypes of PrCa was undertaken in a cohort of patients who met various 

criteria for disease progression. The aim was to characterise progression 

of PrCa in terms of ERG, PTEN and SPOP mutation status. While no 

SPOP mutations were observed across groups within this cohort, within 

the group of patients classed as immediate progression after surgery, low 

levels of ERG expression were reported. These levels were determined 

to be significant when compared to patients who did not progress (based 

on BCR criteria). The model was adjusted for PTEN, age and Gleason 

grade, and although no other correlations were reported, ERG 

expression in the immediate progression group after surgery remained 

significant. The documented mutual exclusivity witnessed between 

SPOP mutations and ERG expression (Mani, 2014), is not discernible in 

this cohort based on the lack of SPOP mutations. However, the lack of 

expression of both ERG and SPOP mutations, may infer the presence of 

an additional molecularly distinct subtype of PrCa that may promote 

disease progression. As the landscape of PrCa biology evolves over 

time, subsequent follow up analysis, such as genomic analysis of 

metastatic lesions, may provide insight into any further alterations at a 

genomic level. A limitation of this analysis is the small number of patients 
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included in the group classed as immediate progression after surgery.  

The data generated from this pilot study hold promise for furthering 

knowledge of the role of genomic alterations, such as ERG, in PrCa and 

their implication in disease progression. Future studies are merited in 

larger cohorts of patients.  

The ExPeCT trial was the first trial of its kind in Ireland for patients 

with metastatic PrCa, with the aim of better understanding the impact of 

exercise on the metastatic cascade. The primary endpoint of ExPeCT 

was to examine the impact of exercise on CTC number and platelet 

cloaking in patients with metastatic PrCa. No distinct difference was 

observed between the exercise and control groups enrolled in ExPeCT, 

with respect to CTC number over time. The impact of exercise on CTCs 

has not been documented previously. The absence of differences 

between groups may be due in part to the type of exercise intervention, 

in this case aerobic. Other exercise trials in PrCa have incorporated a  

resistance element, and demonstrated significant decreases in levels of 

CRP and improvements in QoL measures (Galvao et al., 2010). Galvao’s 

study focused on men without bone metastasis, however safe resistance 

exercise tailored for patients with bone metastasis has also been 

described (Cormie et al., 2013). It is possible that a trial incorporating 

resistance elements may affect CTC numbers compared with aerobic 

exercise only. The INTERVAL-GAP4 trial is actively recruiting and 

consists of aerobic and resistance components for patients with 

metastatic PrCa (Newton et al., 2018) and may further elucidate these 

findings from the ExPeCT trial.  CTCs hold potential to track the evolution 

of disease progression over time and may hold clinical relevance in terms 

of predictive markers (Maas et al., 2017). The observation of significant 

alterations in CTC number within each group, may be attributed to 

disease progression, systemic therapy or the eventual resistance to 

treatment that can occur naturally over time (Nakazawa, 2017). These 

factors may have impacted both the exercise and control groups. Recent 

advances in cfDNA may be more beneficial than CTCs in terms of 

molecular characterisation. Analysis of cfDNA vs. matched metastatic 

tumour tissue from patients with metastatic PrCa noted similar genomic 
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characteristics and somatic attributes (Wyatt et al., 2017), hence analysis 

of cfDNA may provide increased information over that of CTCs in this 

cohort. The presence of CTC clusters was observed in ExPeCT 

participants and was positively correlated with PSA. CTC clusters are 

associated with aggressive disease sub types in other cancers (Mu et al., 

2015), and PSA is considered an independent marker for aggressive 

PrCa (Larsen et al., 2013). Taken together, the presence of CTC clusters 

and high PSA, may hold potential as a robust screening tool for more 

aggressive disease. CTCs have been profiled in patients with high risk 

non-metastatic PrCa, resulting in a high levels of detection and promoting 

the use of CTCs as a screening tool (Kuske et al., 2016). These data 

highlight the potential of CTCs to be used as an indicator of high-risk 

disease and as a liquid biopsy marker in metastatic PrCa. Acquisition of 

survival data relating to participants involved in ExPeCT, would allow for 

further analysis into disease progression, which could be linked to CTCs. 

Continued research is required to molecularly profile CTCs and to 

determine the clinical use of CTC number as a surrogate marker of 

disease progression and treatment response. 

Interestingly, a positive correlation between CTC number and 

white cell count was recorded within group, for the first time in PrCa. 

Investigation into the relationship between white blood cells and tumour 

cells, has previously determined possible crosstalk between tumour cells 

and the immune response, with the potential for an immune evasion 

mechanism. In breast cancer, it was established that tumour specific 

glycoprotein, MUC1-ST, binds to myeloid cells, allowing the cancer cells 

to manipulate the myeloid population (Beatson et al., 2016). This novel 

data sets the foundation for future studies examining the communication 

between white blood cells and CTCs. In addition to the role of white blood 

cells in inflammation, platelets are also implicated in inflammatory 

response and many inflammatory mediators are derived from platelet 

granules (Morrell et al., 2014). Platelet cloaking of CTCs has been 

suggested as an important mechanism aiding the extravasation of CTCs 

to distant sites (Egan et al., 2011). A trend towards an increased 

presence of platelet cloaking was observed in the control group, which 
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may infer reduced platelet cloaking as a result of an exercise intervention. 

Structured physical activity may have an impact on immune cells, such 

as platelet derived inflammatory mediators and NK cells, and biological 

systems within the body. Physical activity is thought to alter levels of cells 

present in both the innate and adaptive immune system (Koelwyn et al., 

2015), and may account for the variation in platelet cloaking observed 

between groups. An example of this, is a potential increase in NK cells 

post exercise (Timmons and Cieslak, 2008), which increase clearance of 

CTCs from the bloodstream. Expanding the intervention over an 

increased period of time or the previously discussed inclusion of a 

resistance component, may help to expand this concept and provide 

insight into the potential positive effects of exercise in metastatic disease. 

The presence of platelet cloaking in PrCa has not been documented 

previously and targeting platelets may hold clinical relevance in the 

prevention of disease progression. A clinical trial utilising anti-coagulants 

(e.g. aspirin) in patients with PrCa demonstrated reduced risk of prostate 

specific mortality (Choe et al., 2012), which may suggest an interaction 

between platelets and PrCa progression. In vitro cell line models were 

utilised to further examine the impact of platelet cloaking on prostate 

cells. A trend towards increased platelet cloaking in malignant cells when 

compared to normal prostate cells was observed. Tumour-cell induced 

platelet aggregation occurs through tumour cell signalling inducing the 

release of platelet granules and may be useful in identifying pathways 

that could be potential targets for interrupting this cloaking occurrence. 

Further in vitro analysis, using an anti-coagulant such as aspirin, may 

help to better inform these novel findings. A limitation of this research 

was the shearing of the cytoplasm in CTCs present in patient samples. 

Platelet cloaking was exclusively identified as present adhered to CTC 

cytoplasm, and the loss may be attributed to reduced levels of cloaking 

observed. Optimisation of isolation techniques to ensure the cytoplasm 

remains intact would be an important step in future platelet cloaking 

research. 

In addition to CTCs and platelet cloaking, the ExPeCT trial aimed 

to broaden the understanding of the role of obesity and inflammation in 
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PrCa. Significant correlations were observed between adipokines and 

clinical variables, (e.g. adiponectin and BMI), which was reflective of their 

biological roles in obesity and disease progression. CTCs and platelet 

cloaking were compared to the markers of obesity and insulin secretion. 

Positive correlations between adipokines, adiponectin and resistin, and 

C-peptide were observed with CTC number and platelet cloaking. These 

data are suggestive of a role between obesity, insulin secretion and 

metastatic spread. The role of obesity in PrCa has been extensively 

documented, although obesity is not thought to be predictive of 

diagnosis, it is associated with a more aggressive disease phenotype 

(Allott et al., 2013). Further investigation into the regulatory pathways 

involved in the expression of these adipokines and surrogate insulin 

secretion markers, may provide insight into the positive correlations 

observed between them and CTCs. Thus providing increased evidence 

on the complex role which obesity plays in metastasis. Furthermore, the 

relationship between platelet cloaking and adipokine status has not been 

documented previously and may indicate a promising avenue of research 

into the role between platelets and obesity in patients with metastatic 

PrCa.  

Inflammation was examined in ExPeCT trial participants by 

monitoring expression of a panel of 13 inflammatory mediators over time. 

Significant changes in inflammatory mediators were observed within 

groups over time, with no significant difference observed between 

groups. As discussed previously, this may be due to the nature of 

systemic inflammation and reflect the natural course of disease 

progression.  The most common site of metastasis in PrCa is the bone, 

and the bone microenvironment consists of myeloid cell precursors and 

immune cells which are linked to the metastatic cascade (Roca and 

McCauley, 2015). Hence, this population of patients is likely to have a 

more inflamed profile. The role between inflammatory mediators and 

CTCs has been documented previously in other cancers (Mego et al., 

2017, Li et al., 2017). The findings from the ExPeCT study indicated 

positive correlations between inflammatory mediators such as IL-6 and 

IL-8, with clinical variables such as haemoglobin, PSA and white cell 
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count. These data suggest the possibility that an inflamed environment 

promotes progression or vice versa. Monoclonal antibodies targeting pro-

inflammatory mediators such as IL-6 have been analysed in PrCa with 

some success (Culig, 2014a). These biological therapies could provide 

alternative treatment strategies for patients with metastatic PrCa. As with 

obesity, the relationship between platelet cloaking and inflammatory 

mediators was assessed in this research for the first time in metastatic 

PrCa. Multiple negative correlations were observed, demonstrating a 

relationship between the inflammatory environment and platelet cloaking. 

A limitation associated with the ExPeCT trial, refers to the number of 

participants. Future clinical trials, including increased numbers of 

patients with different types of PrCa, which examined platelet cloaking 

and inflammatory mechanisms, would allow for direct comparisons 

between cancer types and could determine the makeup of the pro-

inflammatory environment surrounding platelet cloaking.   

A lethality gene signature associated with obesity and coagulation 

was determined in ExPeCT NCBs, with significant correlations between 

gene expression and inflammatory mediator levels, such as Il-13 and IL-

4, observed. The analysis of diagnostic biopsies could provide insight into 

the course of disease progression. Further analysis, investigating this 

signature with reference to response to exercise, may allow for increased 

understanding of the impact of structured aerobic exercise on biological 

outcomes in patients with metastatic PrCa or which patients would 

benefit most. In conjunction with the ExPeCT trial analysis, gene 

expression was performed on in vitro cell line models, to compare in vivo 

data to an in vitro model.  The original cell line model, consisting of a 

range of prostate cell lines, demonstrated significant differences between 

malignant and normal prostate cells, demonstrating changes in levels 

from normal through to progression, which could be linked to the onset 

of disease advancement. An Enzalutamide panel was subsequently 

included to perform additional analysis, to develop an understanding of 

the role of obesity in Enzalutamide resistance. Although the role of 

inflammation and Enzalutamide resistance has not been documented in 

PrCa previously, studies in lung and ovarian cancers have established a 
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link between drug resistance and inflammatory mechanisms (Yang et al., 

2011, Godwin et al., 2013). Increased rates of proliferation were 

witnessed in the Enzalutamide resistant panel, when exposed to ACM, 

between cell lines expressing varying levels of resistance, inferring an 

interplay with obesity. Improved understanding of the role of obesity in 

PrCa is important, based on the documented role of obesity in PrCa 

aggressiveness. Additional experiments, examining the sensitivity of 

second generation anti-androgens, such as Enzalutamide and 

abiraterone acetate, when exposed to ACM, may aid in the 

understanding of the obesity/resistance relationship and provide a 

translational perspective.  

  The results from this project have improved the understanding of 

the relationships between exercise, metastasis, inflammation and obesity 

in advanced PrCa. The data generated will help to improve the outcomes 

for patients living with metastatic PrCa by furthering the understanding of 

biological relationships involved in disease progression, utilising physical 

activity to improve overall QoL and highlighting potential for personalised, 

targeted treatment strategies. Personalised medicine, an individualised 

treatment based on biological analysis, has been an area of interest for 

several years but has not yet been fully realised. The use of minimally 

invasive methods to inform treatment strategies is paramount for patients 

with metastatic disease and the results from ExPeCT, in particular from 

the CTC and platelet cloaking data, may hold potential as screening tools 

in a clinical setting in the long-term. While further investigation into these 

findings in larger cohorts is require in the short-term, data generated from 

this trial is promising and has further increased the understanding of the 

PrCa paradigm. ExPeCT has provided the foundation for larger scale 

studies, such as INTERVAL-GAP 4, with increased numbers in multiple 

locations, to further elucidate the role of exercise, both aerobic and 

resistance, as an effective adjunct to treatment for patients with 

metastatic PrCa. This research has powerful implications for aggressive 

disease, which may be translatable into a clinical setting and has 

potential to improve the lives of patients living with metastatic PrCa.  
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Appendices 

Appendix I: ExPeCT trial protocol  

 



 

304 
 

 

 

 



 

305 
 

 



 

306 
 

 



 

307 
 

 

 

 



 

308 
 

 

 



 

309 
 

 



 

310 
 

 



 

311 
 

 



 

312 
 

 



 

313 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

314 
 

Appendix II: Representative ExPeCT patient information 

leaflet 

 

  

 

ExPeCT Trial (Exercise, Prostate cancer and Circulating 

Tumour cells)  

Patient Information Leaflet 

 

Site Doctor/Principal Investigator:     Prof John McCaffrey           

Study Doctor Address: Mater Misericordiae University 

Hospital, Dublin 7 

ICORG Study Number:            ICORG 15-21 

Name of Institution leading the 
research: 

Trinity College Dublin 

Chief Investigator’s Name:         Prof Stephen Finn 

   

 

Sponsor/Supporter Name and Address:  ICORG – the All Ireland 

Cooperative Oncology Research Group (ICORG), 60 Fitzwilliam Square North, 

Dublin 2, Ireland.  

 

Introduction:  

You are being invited to take part in a research study taking place in St. James’s 

Hospital, Dublin 8. Before you decide whether or not you wish to take part, you 

should carefully read the information provided below, and if you wish, discuss 

this with your family, friends or GP.  Please take time to ask questions. Do not 

feel rushed or under any obligation to decide quickly. You should clearly 

understand the risks and benefits of participating in this study so that you can 

make a decision that is right for you. This process is known as Informed 

Consent.   

  

Why is this study being done?  

The human body, including the prostate gland, is made up of billions of tiny 

cells. Sometimes a small number of these cells start to grow too rapidly and 

become cancer cells. In men with metastatic prostate cancer, these cancer cells 
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can spread beyond the prostate gland and can be found floating in the blood, 

where they are called “circulating tumour cells” (CTCs). Very small blood 

particles (called platelets) become stuck to these CTCs, an occurrence which 

is called “platelet cloaking”. Platelet cloaking may prevent the body’s defence 

systems from recognising and killing the cancer cells and allowing them to 

spread around the body.  

Men who are overweight are more likely to develop blood clots, because their 

platelets are stickier than in men of normal weight. Exercise can improve quality 

of life for men with cancer and can reduce the stickiness of platelets; therefore, 

we anticipate that exercise might result in reduced platelet cloaking and, 

therefore help to reduce or even prevent the spread of cancer cells in 

overweight men.  

This study aims to investigate this by measuring platelet cloaking of CTCs in 

overweight and normal-weight men with prostate cancer, and the effect of 

exercise on platelet cloaking and other markers, such as protein or DNA, in the 

blood which are associated with platelet cloaking.  

  

Who is organising and funding this study?  

This study has been organised by Prof Stephen Finn and researchers in Trinity 

College Dublin in collaboration with the Irish Clinical Oncology Research Group 

(ICORG). The project is funded by the World Cancer Research Fund, a global 

network of charities which fund research into the links between cancer, diet, 

exercise and other lifestyle factors.   

  

What will happen to me if I agree to take part?  

If you decide to join the study you will be asked:  

1. To travel to St. James’s Hospital to provide a blood sample on three 

occasions, each three months apart. Less than 2 tablespoons of blood will 

be drawn on each occasion.   

These blood samples will be taken by a member of the research team 

in the Clinical Research Facility in St James’s Hospital in Dublin. The 

research laboratory will then analyse the blood sample for key elements 

such as proteins, DNA,   CTCs and platelet cloaking. Your doctor will 

not be informed about any results and your treatment will not be affected 

by this study.  

  

2. To complete a questionnaire at each occasion of blood draw while in St 

James’s Hospital.  

This will gather information regarding your quality of life, your diet, how 

well you are sleeping, any medications you take and your psychological 

well-being. Cancer is a disease which touches every aspect of a man’s 

life, which should be captured through the questionnaire. The 
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questionnaire will take approximately 60 minutes to complete. The total 

time for each appointment will be 90 minutes.  

  

3. This study is a randomized study. This means that, if you agree to join 

the study, a random decision will be made as to whether or not you will be 

also asked to participate in an exercise programme (see paragraph 4 below).   

Before you agree to join the study, neither the doctors, who are treating 

you, nor the researchers conducting the study will know whether you will 

be randomized to participate in this exercise programme or be part of 

the control group. It is, therefore, important for you to decide whether or 

not you would be happy to participate in the exercise programme before 

you agree to join the study.  

  

4. If you are randomised to take part in the exercise programme you will 

be asked to participate in a regular exercise programme. This will involve a 

weekly one-hour class with a physiotherapist and several other men with 

prostate cancer in the Clinical Research Facility in St James’s Hospital. This 

part of the exercise programme will last for three months.  

You do not need to be someone who already takes regular exercise in 

order to be able to participate – the programme is suitable for all fitness 

levels and will be tailored to your abilities. The exercise programme will 

focus on aerobic exercise, eg. Walking , running, cycling. If you are 

asked to participate in the exercise programme you will also be given a 

small machine to measure your heartrate, and encouraged to do some 

exercise every day. After completing a three months program you will 

no longer have a weekly exercise class, and will be encouraged to 

continue exercising every day.   

  

5. If you do agree to join the study, some of your medical details will also 

be collected by the researchers, and your height, weight and waist 

circumference will be recorded at each threemonthly check-up.  

  

6. In addition, the tissue from your prostate biopsy which provided your 

original diagnosis of prostate cancer will be retrieved from the laboratory in 

the Mater Hospital and analysed by the research team in St James’s Hospital 

as part of the research.  

  

Who and how many people will take part in the study?  

Men with prostate cancer who are known to have metastatic disease will be 

invited to take part. We will invite about 200 patients to take part in this study, 

133 from Ireland and 67 from London.  
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How long will I be on the study?  

Your total involvement in the study would be 6 months.  

  

Do I have to take part?  

You do not have to take part in this study and if you decide not to take part, it 

will have no effect on your care now or in the future.  

  

Can I stop being on this study?  

If you do decide to take part, you can change your mind at any time without 

having to give a reason and without any effect on the care you will receive from 

the medical staff.  

  

Can anyone else stop me from being in this study?  

The study doctor or physiotherapist may stop you from taking part in our 

research at any time if:   

• It is in your best interest.  

• You do not follow your study responsibilities.   

• You do not meet the study criteria.  

• The study is stopped by the sponsor.   

  

What are the possible benefits of taking part?  

If you take part in the study and agree to give samples, you may help scientists 

and doctors understand the significance of circulating tumour cells in the blood. 

This may improve treatment for cancer patients in the future.   

It is important for you to realise that the research study is designed to increase 

knowledge and understanding of cancer, and so you yourself will not benefit 

from taking part in it. However, if you are asked to participate in the exercise 

programme, you may benefit from the experience of taking regular exercise. For 

some men, this may help to improve symptoms, sleep and general quality of 

life, as well as improving your general health.  

Please note that your doctors will not be informed of the results.  Your doctors 

will make decisions about your treatment independent from this study.  

  

What are the possible risks of taking part?  

The study involves having extra blood tests taken in the Clinical Research 

Facility in St James’s  
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Hospital in addition to routine blood tests being taken at your Mater Hospital 

clinic appointment.  

When you give blood, you may feel faint, or experience mild pain, bruising, 

irritation or redness at the site.  In very rare cases, you may get an infection.  

The exercise programme in which you may be asked to participate is carefully 

supervised by physiotherapists from Trinity College Dublin, and is very safe. 

You will only be invited to join the study if your doctors feel that you would be 

well enough to participate in the exercise programme if randomised into this 

arm.  

  

What happens if I am injured because I took part in this 

study?  

Your safety while taking part in a study is most important. If you feel that you 

have been injured because of taking part please tell your study doctor or 

physiotherapist. Our research is covered by an insurance policy in ICORG. The 

doctors, nurses and other clinical staff involved are covered under the Clinical 

Indemnity Scheme.  

  

Will my taking part in this study be kept confidential?  

All of the blood samples, questionnaires and other data will be coded with an 

identification number and will not be labelled with your name or any other 

information that directly identifies you. The connection between the code and 

you will be kept by the research team in St James’s Hospital. Your blood 

samples and any paper-based data will be kept in secure storage. Electronic 

(computerised) data will be stored on password-protected machines and 

servers.  

  

Who will have access to my sample?  

The chief investigator, Prof Stephen Finn, his research team and their 

collaborators will have access to your samples. Anyone who works with your 

samples will hold your information and results in confidence.   

  

Where will my sample be stored?  

If you consent to the study your blood samples, questionnaires and other data 

will be securely stored in Prof Stephen Finn’s laboratory in St James Hospital.  

  
What about the future use of my sample for research?  

Samples and data will be stored securely for ten years with the option to seek 

ethical permission for a longer storage time.   
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Future research may involve tests that your samples would be suitable for. We 

will not be able to contact you to ask permission for each individual future study 

but ask you now for your overall permission to use your donated samples for 

research purposes. Ethical approval from the St James’s and Tallaght joint 

research ethics committee will be sought before any future research is carried 

out.  

If information from this study is published or presented at scientific meetings, 

your name and other personal information will not be used.  

  

What are the costs of taking part in this study?  

You will not be charged for the cost of tests done for the purpose of this study. 

You will not be reimbursed for your travel costs or parking for your three visits. 

If you are asked to partake in the exercise aspect of the study you will be 

reimbursed for your parking fee when attending the classes.  

  

Who has reviewed and approved this study?  

This study has been approved by the Mater Hospital Research Ethics 

Committee.  

  

Contact for further information  

If you have any further questions about the study or if you wish to withdraw from 

the study please contact your doctor or the physiotherapist responsible for your 

exercise routine. If you wish to withdraw, you may do so without giving a reason 

and your future treatment will not be affected.  Your samples will continue to be 

stored as part of the study, however you may request to have your samples 

destroyed and removed from the trial.  In this case any remaining samples, 

which have not yet been analysed, will be destroyed.  

  

For additional information now or any future time please contact:   

  

Chief Investigator:  Prof. Stephen Finn    Telephone:  087 6577927  

  

Physiotherapist:   Grainne Sheill     Telephone:  087 6577927  

  

  

Thank you for your time.  
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Appendix III: Representative ExPeCT patient consent form 

 

 
 
 
 
 

 

Informed Consent Form 

 

Site Doctor/Principal Investigator:   Prof Liam Grogan 

Study Doctor Address:   Beaumont Hospital, Beaumont, 

Dublin 9. 

ICORG Study Number:   ICORG 15-21 

 

Name of Institution leading the Research:  Trinity College Dublin 

Chief Investigator:    Prof Stephen Finn 

 

Sponsor/Supporter Name and Address: ICORG – the All Ireland 
Cooperative Oncology Research Group (ICORG), 60 Fitzwilliam Square North, 
Dublin 2, Ireland. 
 

  

ExPeCT Trial (Exercise, Prostate cancer and Circulating Tumour cells) 
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Please write your initials in each box 

 

1. I confirm that I have been given a copy of the Patient Information Leaflet 
ICORG Version 1.0 10-Aug-2015, BH Version 2.0 07-Sept-2015. I have 
read the patient information leaflet or it has been read to me.  This 
information was explained to me and my questions were answered. 

 
 
2. I understand and agree to provide a blood sample for research purposes. 

 

 

3. I understand that this is a randomised trial and that I may or may not be 
asked to participate in the exercise routine. I agree to take part in the 
exercise if I am requested to do so. 

 
 

4. I understand that my treating doctor will not be informed of the results 
unless it is relevant to my treatment. 

 

 

5. I understand that I must attend the Clinical Research Facility in St James’s 
Hospital to donate blood for the study and if I am randomised to 
participate in the exercise aspect of the study. 

 

 

6. I understand that data related to me collected during this study will be 
processed and analysed as is required by this clinical research study in 
the department of Histopathology in Trinity College Dublin and St 
James’s Hospital and according to the Data Protection Act.  
 

 

7. I understand that my samples may be used for research as described in 
the Patient Information Leaflet. 
 

 

8. I understand and agree to allow my data and samples to be used for 
future research. Before any future research is carried out the ethics 

committee must agree with the research. If you do not consent to the 
future use of your samples for research you may still participate in 
this study. 
 

 

 

 

9. I give permission to access my archival tissue sample and to use this for 
research as described in the Patient Information Leaflet and that this 
may involve the consumption of any residual material. Any residual 
material will be returned to Beaumont Hospital. 

  YES 

      

  NO 
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10. I understand that I am free to withdraw from the study at any time and 
that this will not affect my standard treatment. 
 

 

11. I agree to take part in the above study. 
 
 
 
 
 
 
_________________________ ______________________
 _____________ 

Name of Patient (Print) Signature of Patient  Date   

 

 

_________________________  ______________________
 ___________ 

Name of Witness (Print)  Signature of Witness  Date 

(if required) 

 

 

 

 

Name of Study Doctor (Print)  Signature of Study Doctor  

Or Study Co-ordinator (Print)   Or Study Co-ordinator  

Or Research Nurse (Print)   Or Research Nurse 

Or Person delegated by CI/PI (Print) Or Person delegated by CI/PI 

 

 

 

 
 

 

 

Appendix IV: Biological sample log 

 

Biological Sample Log for ExPeCT Trial 
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Patient Data        

Site of Recruitment                                    Dublin (Tallaght)                          

                                                                         Dublin (St James’s) 

                                                                         Dublin (Beaumont) 

                                                                         Dublin (Mater) 

                                                                         Dublin (St Luke’s) 

                                                                         London, UK 

                        

                         Participant Identification Number             

                              Date of Sample Collection                         

                              Study Time Point                    Recruitment (T0) 

                                                                               Three month review (T3) 

                                                                               Six month review (T6)                          

   

                              Study Arm                     Exercise intervention group 

                                                                    Non-exercise comparison group     

 

Blood Sample Collection 

Serum Collection                                  Number of tubes 

                                                                Time of Blood Draw 

                                                                Time stored at -80 degrees Celsius 

 

 

 

Plasma Collection (Citrate Tube)              Number of tubes 

                                                            Time of Blood Draw 

                                                            Time stored at -80 degrees Celsius 

 

Whole Blood for Circulating Tumour Cell Collection (K2EDTA 

Tube)                 

Number of Tubes 
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Time of Blood Draw 

Time of Screencell Filtration 

Number of Filters  

Filter Identification Numbers    

 

 

 

Date of Storage at 4oC       

 

Additional Notes (e.g. clogging of filters, blood passage past yellow line on 

module A) 
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Appendix V: ExPeCT case report form 
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Appendix VI: ExPeCT Off Study Form 
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Appendix VII: Representative mycoplasma image 

 

 

 

 

Representative image of mycoplasma testing. Arrow depicts positive 

mycoplasma control (270bp).  

L- Lane 
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Appendix VIII: Standard curves from Meso-Scale Discovery 

assays 

 

Representative standard curve from IL-17a Meso-Scale Discovery multi-

plex assay. The assay was used to quantify IL-17a concentration in 

ExPeCT serum samples and cell supernatant.  

 

 

 

 

 

 

 

 

 

 

Representative standard curve from VEGF Meso-Scale Discovery multi-

plex assay. The assay was used to quantify VEGF concentration in 

ExPeCT serum samples and cell supernatant.  
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Representative standard curve from MMP2 Meso-Scale Discovery 

single-plex assay. The assay was used to quantify MMP2 concentration 

in ExPeCT serum samples and cell supernatant.  

 

 

 

 

 

 

 

 

 

 

 

Representative standard curve from resistin Meso-Scale Discovery 

single-plex assay. The assay was used to quantify resistin concentration 

in ExPeCT serum samples and cell supernatant. 
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Representative standard curve from MMP9 Meso-Scale Discovery 

single-plex assay. The assay was used to quantify MMP9 concentration 

in ExPeCT serum samples and cell supernatant. 

 

 

 

 

 

 

 

 

 

Representative standard curve from RANTES Meso-Scale Discovery 

single-plex assay. The assay was used to quantify RANTES 

concentration in ExPeCT serum samples and cell supernatant. 
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Representative standard curve from Leptin Meso-Scale Discovery 

single-plex assay. The assay was used to quantify Leptin concentration 

in ExPeCT serum samples and cell supernatant. 

 

 

 

 

 

 

 

 

 

Representative standard curve from C-peptide Meso-Scale Discovery 

single-plex assay. The assay was used to quantify C-peptide 

concentration in ExPeCT plasma samples and cell supernatant. 
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Representative standard curve from adiponectin Meso-Scale Discovery 

single-plex assay. The assay was used to quantify adiponectin 

concentration in ExPeCT serum samples and cell supernatant. 

 

 

 

 

 

 

 

 

 

Representative standard curve from MCP-1 Meso-Scale Discovery 

single-plex assay. The assay was used to quantify MCP-1 concentration 

in ExPeCT serum samples and cell supernatant. 
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Representative standard curve from IL-10 Meso-Scale Discovery multi-

plex assay. The assay was used to quantify IL-10 concentration in 

ExPeCT serum samples and cell supernatant. 

 

 

 

 

 

 

 

 

 

 

Representative standard curve from IL-13 Meso-Scale Discovery multi-

plex assay. The assay was used to quantify IL-13 concentration in 

ExPeCT serum samples and cell supernatant. 
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Representative standard curve from IL-1β Meso-Scale Discovery multi-

plex assay. The assay was used to quantify IL-13 concentration in 

ExPeCT serum samples and cell supernatant. 

 

 

 

 

 

 

 

 

 

Representative standard curve from IL-4 Meso-Scale Discovery multi-

plex assay. The assay was used to quantify IL-4 concentration in 

ExPeCT serum samples and cell supernatant. 
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Representative standard curve from IL-6 Meso-Scale Discovery multi-

plex assay. The assay was used to quantify IL-6 concentration in 

ExPeCT serum samples and cell supernatant. 

 

 

 

 

 

 

 

 

 

Representative standard curve from IL-8 Meso-Scale Discovery multi-

plex assay. The assay was used to quantify IL-8 concentration in 

ExPeCT serum samples and cell supernatant. 
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Representative standard curve from TNFα Meso-Scale Discovery multi-

plex assay. The assay was used to quantify TNFα concentration in 

ExPeCT serum samples and cell supernatant. 
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Appendix IX: Lethality gene expression tables 

CXCR4 

 Estimate SD z_value p_value 

Exercise - Control 0.4304 0.9473 0.4543 0.6496 

BMI 0.2341 0.4804 0.4873 0.6299 

Weight -0.0245 0.4965 -0.0493 0.9610 

Hb 0.1597 0.4967 0.3216 0.7503 

WCC 0.3285 0.4936 0.6656 0.5113 

PSA -1.0003 0.4439 -2.2536 0.0322 

WCir 0.5283 0.4883 1.0818 0.2889 

AvgCTCs 0.0183 0.0277 0.6597 0.5150 

Adiponectin -0.4190 0.5011 -0.8363 0.4113 

C_peptide 0.2732 0.5058 0.5403 0.5940 

CCL2 0.6229 0.4736 1.3151 0.2004 

IL13 0.2330 0.5556 0.4194 0.6817 

IL17A -0.1514 0.4888 -0.3096 0.7594 

IL1β -0.3792 0.6037 -0.6281 0.5408 

IL4 -0.5323 0.5713 -0.9317 0.3825 

IL6 0.3568 0.4845 0.7365 0.4683 

IL8 -0.1309 0.4890 -0.2678 0.7911 

Leptin -0.0231 0.5751 -0.0402 0.9683 

MMP9 0.0798 0.4895 0.1630 0.8718 

RANTES -0.2110 0.4879 -0.4324 0.6692 

Resistin 0.2341 0.4875 0.4802 0.6352 

TNFa 0.0508 0.4896 0.1037 0.9183 

VEGF 0.2831 0.5043 0.5614 0.5797 

Control-Height -1.2168 0.6341 -1.9191 0.0550 

Exercise-Height 0.6210 0.7515 0.8263 0.4086 

Control-Cloaking 1.7110 1.9278 0.8876 0.3748 

Exercise-Cloaking -3.1118 1.9080 -1.6309 0.1029 

Control-IL10 0.2974 0.5590 0.5320 0.5947 

Exercise-IL10 -1.8969 0.7663 -2.4754 0.0133 

Control-MMP2 1.5957 0.8152 1.9575 0.0503 

Exercise-MMP2 -0.4509 0.5775 -0.7809 0.4349 

 

 

 

 

 

HTR2B 
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 Estimate SD z_value p_value 

Exercise - Control -1.0342 0.9429 -1.0967 0.2728 

BMI 0.5666 0.4734 1.1970 0.2414 

Weight 0.4323 0.4784 0.9035 0.3740 

Hb -0.5139 0.4755 -1.0807 0.2890 

PSA -0.6244 0.4708 -1.3263 0.1955 

WCir 0.4515 0.4951 0.9119 0.3699 

AvgCTCs -0.0067 0.0304 -0.2218 0.8261 

CloakingTRUE 0.2714 1.4028 0.1934 0.8480 

Adiponectin -0.6544 0.4758 -1.3755 0.1822 

C_peptide 0.5025 0.4489 1.1195 0.2745 

CCL2 0.5425 0.4645 1.1679 0.2543 

IL13 -1.0586 0.3997 -2.6486 0.0226 

IL17A 0.0542 0.4950 0.1096 0.9137 

IL1β -0.2690 0.6376 -0.4219 0.6800 

IL4 -0.1572 0.5389 -0.2917 0.7790 

IL6 0.4278 0.4695 0.9114 0.3712 

IL8 0.3104 0.4733 0.6557 0.5182 

Leptin -0.4370 0.5017 -0.8712 0.3940 

MMP2 -0.6899 0.4563 -1.5120 0.1436 

MMP9 -0.2688 0.4743 -0.5666 0.5762 

RANTES -0.1266 0.4768 -0.2656 0.7928 

Resistin -0.2934 0.4737 -0.6194 0.5415 

TNFa 0.2035 0.4757 0.4277 0.6727 

VEGF -0.1070 0.4925 -0.2172 0.8300 

Control-Height -3.5218 2.3333 -1.5094 0.1312 

Exercise-Height 0.8893 0.4542 1.9582 0.0502 

Control-WCC -0.4096 0.4646 -0.8817 0.3779 

Exercise-WCC 3.5928 1.4484 2.4804 0.0131 

Control-IL10 0.3854 0.5209 0.7400 0.4593 

Exercise-IL10 -1.5629 0.7180 -2.1766 0.0295 
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PLA2G7 

 Estimate SD z_value p_value 

Exercise - Control -1.4533 1.0273 -1.4146 0.1572 

BMI 0.8169 0.5136 1.5905 0.1222 

Weight 0.4474 0.5291 0.8456 0.4047 

Height 0.6883 0.5198 1.3241 0.1955 

WCC -0.2671 0.5326 -0.5015 0.6197 

PSA -0.8499 0.5118 -1.6606 0.1072 

AvgCTCs -0.0017 0.0328 -0.0505 0.9601 

Cloaking -0.2637 1.5908 -0.1657 0.8695 

Adiponectin -0.7887 0.5595 -1.4096 0.1710 

C_peptide 0.0927 0.5936 0.1562 0.8771 

CCL2 0.0561 0.5754 0.0975 0.9231 

IL10 -0.9794 0.5426 -1.8052 0.0826 

IL13 -0.1614 0.8012 -0.2014 0.8433 

IL17A -0.4491 0.5688 -0.7896 0.4369 

IL1β -0.4985 0.8279 -0.6022 0.5574 

IL6 0.2446 0.5735 0.4265 0.6732 

Leptin -0.2980 0.6703 -0.4445 0.6610 

MMP2 0.1205 0.5751 0.2095 0.8357 

MMP9 -0.4446 0.5689 -0.7815 0.4416 

RANTES -0.1223 0.5751 -0.2126 0.8333 

Resistin -0.6229 0.5624 -1.1074 0.2782 

TNFa -0.0444 0.5755 -0.0772 0.9390 

VEGF -0.4152 0.5884 -0.7057 0.4869 

Control-Hb 0.4002 0.7517 0.5324 0.5944 

Exercise-Hb -1.3212 0.6925 -1.9079 0.0564 

Control-IL4 1.8000 1.1052 1.6287 0.1034 

Exercise-IL4 -1.1099 0.5450 -2.0367 0.0417 

Control-IL8 1.7882 0.8491 2.1060 0.0352 

Exercise-IL8 -0.7823 0.6443 -1.2142 0.2247 
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Appendix X: Adiponectin expression in PC-3 cells 
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Adiponectin expression in PC-3 cells. Data graphed as mean ± SEM 

∆∆CT.  
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AVPR2 expression in C1, C1 ACM and C9 ACM cells. Data graphed as 

mean ± SEM ∆∆CT.  

 


