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Abstract 

The primary objective of this research project was to identify prostate cancer 

(PCa) -specific biomarkers from urine.  This was done using a multi-faceted approach 

that targeted (1) the genome (DNA); (2) the transcriptome (mRNA and miRNA); and (3) 

the proteome.   Toward this end, urine samples were collected from ten healthy 

individuals, eight men with PCa and twelve men with enlarged, non-cancerous prostates 

or with Benign Prostatic Hyperplasia (BPH).  Urine samples were also collected from the 

same patients (PCa and BPH) as part of a two-year follow-up.   

Initially urinary nucleic acids and proteins were assessed both qualitatively and 

quantitatively for characteristics either unique or common among the groups.  

Subsequently macromolecules were pooled within each group and assessed for either 

protein composition via LC-MS/MS or microRNA (miRNA) expression by microarray.  

A number of potential candidates including miRNAs were identified as being deregulated 

in either pooled PCa or BPH with respect to the healthy control group. 

Candidate biomarkers were then assessed among individual samples to validate 

their utility in diagnosing PCa and/or differentiating PCa from BPH.  A number of 

potential targets including deregulation of miRNAs 1825 and 484, and mRNAs for 

Fibronectin and Tumor Protein 53 Inducible Nuclear Protein 2 (TP53INP2) appeared to 

be indicative of PCa.  Furthermore, deregulation of miR-498 appeared to be indicative of 

BPH.  The sensitivities and specificities associated with using deregulation in many of 

these targets to subsequently predict PCa or BPH were also determined. 
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This research project has identified a number of potential targets, detectable in 

urine, which merit further investigation towards the accurate identification of PCa and its 

discrimination from BPH.  The significance of this work is amplified by the non-invasive 

nature of the sample source from which these candidates were derived, urine.  Many 

cancer biomarker discovery studies have tended to focus primarily on blood (plasma or 

serum) and/or tissue samples.  This is one of the first PCa biomarker studies to focus 

exclusively on urine as a sample source.   
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Introduction and Literature Review 

The Problem: Cancer 

Cancer as defined by the American National Cancer Institute (NCI) is the 

uncontrolled proliferation of abnormal cells that are able to invade other tissues 

(www.cancer.gov/cancertopics/cancerlibrary/what-is-cancer).  The collections of 

abnormal cells that make up a cancer always originate from what was once a healthy cell 

from a given organ.  The identity of the original cell determines the type of cancer, for 

example cancers that start in the prostate from prostatic epithelial cells are termed 

prostate cancer (PCa). 

There are over a hundred types of cancer, and collectively they are a major threat 

to public health.  In fact, cancer has become the second leading cause of death in the 

United States, just after heart disease (Cancer Facts and Figures, 2012).  Accordingly, 

today one in four deaths in the United States is attributed to cancer (Jemal et al., 2011).  

Despite significant progress having been made towards understanding cancer at the 

molecular level, mortality rates for the most prevalent malignancies have yet to show 

significant decreases (Diamandis, 2004).  Too often this is because cancers are not treated 

early enough (Goetz, 2008). 

When left untreated, a cancer will eventually spread to distant sites within the 

body, known as metastasizing.  Once cancerous cells are established throughout the body, 

treatment becomes much more complicated than simply removing a cancerous lesion 

from an isolated area (Evan, 2012). 
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The problem with cancers, unlike foreign pathogens such as bacteria, is that they 

are extremely difficult to cure.  The primary reason for this is that cancer is borne of the 

body’s own cells, therefore treatments are unable to easily differentiate between healthy 

and malignant tissues.  As a result, typical treatments, especially those targeting later-

stage, systemic cancers, end up destroying many healthy cells in addition to cancerous 

ones.  The side effects associated with such treatments often limit the extent and duration 

of therapy.  Consequently many systemic cancers are only slowed down, or at best put 

into remission.  Oftentimes though such cancers will relapse, usually accompanied by 

resistance to the initial treatment (Liu, 2009).  Thus, survival rates for late-stage cancers 

are notoriously low.  To illustrate, when colorectal cancer is diagnosed at onset five-year 

survival can be as high as 95%, whereas when colorectal cancer is diagnosed post-

metastasis, five-year survival rate drops to only 7% (Etzioni et al., 2003). 

The high mortality associated with late-stage cancer can be avoided if cancers are 

simply detected earlier (Goetz, 2008).  Ideally, physicians must be able to detect a cancer 

before there is a visible sign or symptom, when the cancer is in its earliest stages.  At this 

early stage a cancerous tumour might only be several millimeters in diameter.  

Nonetheless, it is still theoretically possible to detect even milligram-weight tumours, as 

long as they contain a distinct signature that can be released into circulation (Lutz et al., 

2008).  These signatures are known as biomarkers. 

What is a Biomarker? 

A biomarker according to the National Institute of Health (NIH) is an indicator of 

a given biological state.  When assayed, biomarkers can be used as indicators of normal 
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physiology or disease state, including progression and response to therapy (Ilyin et al., 

2004).  As such, biomarkers can be simple or complex, ranging from mono-indicators 

such as glucose level and blood pressure, to combined indicators such as cholesterol ratio, 

to extremely complex such as whole genomes (Cordero and Ashley, 2012; Cotter, 2012), 

transcriptomes (Hedenfalk et al., 2001; Andre et al., 2006) and proteomes (Azad et al., 

2006; Belkowski et al., 2005; Neagu et al., 2011).   

With regards to cancer, the NCI defines a cancer biomarker as a quantifiable trait, 

measurable from tissue, blood or other bodily fluids, and that is indicative of the presence 

or progression of malignancy or a process thereof 

(http://www.cancer.gov/dictionary?cdrid=45618).  Since a cancer biomarker can be any 

signal or molecule that is produced by a malignant cell or in response to one, cancer 

biomarkers can also have a variety of functions. 

Types of Cancer Biomarkers 

By convention, cancer biomarkers are divided into six general categories based on 

function (Bensalah et al., 2007).  These categories are described below:  

Early Detection (screening) markers These biomarkers are used to discriminate 

between individuals who may have the disease and those who may not.  They can also be 

used to identify individuals at high risk for cancer.  It is possible to use screening markers 

in early detection of cancer, provided the benefits of detection outweigh the costs of 

unnecessary follow-up, treatment or missed instances of disease (Bensalah et al., 2007).  

Prostate Specific Antigen (PSA) is an example of a screening marker that is used to 

identify individuals who might have PCa (Barry, 2001).  Breast Cancer Antigen 1 and 2 
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(BRCA1/2) are further examples of screening markers; they can be used to identify 

women at hereditary risk for breast cancer (Kadouri et al., 2007). 

Diagnostic biomarkers These biomarkers can be used to diagnose cancer with 

some degree of success.  To succeed, a diagnostic biomarker should ideally target a 

specific molecular event(s) that is (are) necessary for a given type of cancer to develop 

(Van-Gils et al., 2005).  Cancer Antigen-125 and Nuclear Matrix Protein-22 (NMP22) 

are examples of diagnostic biomarkers of varying levels of efficacy that are currently 

employed in clinical practice.  Carbonic Anhydrase IX (CAIX) has also shown success at 

determining the malignancy status of small renal masses (Li et al., 2006). 

Prognostic biomarkers These biomarkers are useful for determining a cancer’s 

likely outcome, thus are used to evaluate the risks of treatment versus active surveillance.  

Prognostic biomarkers can indicate whether a cancer is likely to progress and how 

aggressively it might do so.  They can therefore be used to stratify risk for cancers of 

similar stage (Schnitt, 2001).  In addition to having diagnostic value, CAIX is also 

prognostic of poor survival for patients with renal cell carcinoma (RCC) (Leppert et al., 

2007).  

Predictive biomarkers These biomarkers can help predict whether a cancer will 

recur after remission or else estimate the likelihood of a given treatment succeeding 

(Bensalah et al., 2007).  As an example of the latter case, phospho-S6 ribosomal protein 

has shown promise as a predictor of response to rapamycin for RCC (Atkins et al., 2009). 

Therapeutic target biomarkers These biomarkers are used in conjunction with 

novel treatments.  They are used to distinguish between clinically identical yet 
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molecularly unique cancers, to highlight the malignancies that have a weakness to 

particularly fastidious treatment (Bensalah et al., 2007).  Traditionally, breast cancers 

were only screened for hormone status (presence of estrogen & progesterone receptors); 

this approach was taken to identify whether the primary treatment option (hormone 

ablation therapy) was likely to have an impact.  Today, breast cancers are also regularly 

screened for the over-production of the HER-2/neu receptor for which there is a specific 

antibody-based treatment regimen, trastuzumab, better known by its trade name 

Herceptin (Andre et al., 2006). 

Surrogate end-point biomarkers End-point biomarkers can be used to monitor 

the progress and efficacy of any given treatment and propose its final success.  An 

example of a surrogate end-point marker is PSA level post-treatment.  Proposed as an 

indicator of success in trials of novel PCa drugs, post-treatment PSA was theorized to 

work based on the hypothesis that effective treatment results in tumour shrinkage, and 

thus decreases in the number of PSA producing tumour cells.  Since prostate tumours can 

leak PSA in over-abundance, this approach tends to work in most cases (Scher et al., 

1996). Table 1 below lists ten established biomarkers and the associated function(s). 
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Table 1 Established Biomarkers and their Function(s). 

 

 

 

 
 
  
 

 

Cancer 
Biomarker 

Cancer 
type Clinical application Therapeutic 

application Reference 

AFP Liver 
Screening, Diagnosis, 
Prognosis, Predictive, 

End-point 
N/A Johnson, 2001 

Alpha-fetoprotein/ 
human Chorionic 

Gonadotropin 
(AFP/hCG) 

Germ cell Diagnosis, Prognosis, 
Predictive, End-point N/A 

Labdenne and 
Heikinheimo, 

2002 

Cancer Antigen 15-3 
(CA 15-3) 

Cancer Antigen 27-29 
(CA 27-29) 

Breast 
 Predictive, End-point 

Anti-MUC1 
vaccines 

(experimental) 
Duffy, 2001 

Cancer Antigen 19-9 
(CA 19-9) Pancreatic Diagnosis, Predictive, 

End-point N/A Riker and 
Bartlett, 1999 

Cancer Antigen 125 (CA 
125) Ovarian Screening, Diagnosis, 

Predictive, End-point N/A Menon and 
Jacobs, 2000 

Cluster of 
Differentiation (CD20) 

Non-
Hodgkin 

lymphoma 

Diagnosis, Prognosis, 
Predictive, End-point 

Anti-CD20 
antibodies 
(rituximab) 

Press et al, 
2001 

Carcinoembryonic 
Antigen (CEA) Colon Prognosis, Predictive, 

End-point 

Anti-CEA 
vaccines 

(experimental) 

Macdonald, 
1999 

Estrogen 
receptor/Progesterone 

receptor (ER/PR) 
Breast Prognosis, Therapeutic 

Target, Predictive 

Estrogen 
antagonists 

(tamoxifen)/ 
aromatase 
inhibitors 

(anastrazole) 

Duffy, 2001 

Human epidermal 
growth factor receptor 

(Her-2/neu) 
Breast Prognosis, Therapeutic 

Target, Predictive 

Anti-Her2/neu 
antibodies 

(trastuzumab) 

Pegram and 
Slamon, 2000 

PSA Prostate Screening, Diagnosis, 
Predictive, End-point N/A Smith et al., 

2003 
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Measures of Diagnostic Biomarker Performance 

In order to evaluate a biomarker, especially those that are used for detecting 

cancer, it is necessary to quantify the marker’s ability to correctly segregate individuals 

based on the presence or absence of cancer.  The efficacy of a diagnostic/screening 

marker is experimentally established and then expressed as the true positive rate (%TPR) 

also known as sensitivity, and the false positive rate (%FPR), or one hundred percent 

minus the specificity (Baker et al., 2006).   

Sensitivity or TPR is defined as the percentage of cancers that are detected, over 

the total number of biopsy positive individuals within a screening pool.  In other words, 

sensitivity is the probability of a positive test for someone who actually has cancer.  

Specificity on the other hand is defined as the percentage of healthy individuals correctly 

cleared, over the total number of biopsy negative individuals within the testing pool.  

Expressed differently, specificity is the probability of a negative test result from an 

individual that is actually healthy (Altman and Blend, 1994a).  The FPR is the probability 

of a positive test result in a healthy individual (Baker et al., 2006).  

In addition to sensitivity (TPR), specificity and FPR, predictive values can also be 

calculated.  A predictive value is a percentage that represents the probability that a given 

test result is actually correct.  The positive predictive value (PPV) is the percentage of 

biopsy positive individuals within a screening group, over the total number of individuals 

in the pool who tested positive (regardless of whether or not they had cancer).  The PPV 

then, is the probability a positive test result is actually indicative of cancer.  Negative 

predictive value (NPV) on the other hand, is the percentage of healthy individuals in a 



Taha Haj-Ahmad                                                                                                    Prostate Cancer Biomarker                                                                                                

 23 

testing pool, over the total number of negative test results for that testing pool.  The NPV 

represents the probability that a negative test result actually indicates that the individual is 

free of the tested cancer (Altman and Blend, 1994b).   

Ideally a biomarker should have a sensitivity of 100% and a specificirty of 100% 

(Maruvada et al., 2005).  Identifying and validating such a biomarker, i.e. one that has a 

100% PPV (no false positives) and that can identify every individual with a particular 

cancer (100% sensitivity) has proven to be an extremely challenging task (Pritzker, 

2002).  As such, a more realistic goal has been to validate and improve upon existing 

candidates, while at the same time embracing markers with slightly less favourable 

characteristics (Diamandis, 2010). 

Phases of Biomarker Validation 

Despite having ideal characteristics, a new biomarker must first pass validation 

before reaching the clinician’s arsenal.  Unfortunately many promising research 

candidates fail at various stages of the biomarker validation process (Diamandis, 2012).  

Reasons for this vary, but an unfriendly regulatory environment coupled with the lack of 

a rigorous, standardized framework for validating novel markers has been proposed as a 

likely cause (Rhea and Diamandis, 2010; Molinaro, 2011; Bossuyt, 2011).  To improve 

the situation, in 2002 a five-step approach was proposed by the NCI’s Early Detection 

Research Network (EDRN).  The purpose of this proposal was to promote a framework 

that could ease the transition between candidate markers and clinical assays (Bensalah et 

al., 2007).  The approach and its sequential phases are as follows (Pepe et al., 2001).   
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Phase 0 - The Pre-Clinical Exploratory Study: The primary goal of this phase 

is to identify and prioritize potential candidate markers using well-defined case and 

control groups (Pepe et al., 2001). 

 Phase I – Assay Development: The primary aim of this phase is to develop 

an assay which makes use of the marker in question, and assess its ability to 

discriminate between those individuals with established disease and those that are 

healthy controls.  During Phase I it is also important to determine the sensitivity and 

specificity.  Secondary objectives for this phase include: optimizing the assay, 

assessing its reproducibility and correlating findings to disease characteristics such as 

stage, grade, aggressiveness, or to other non-disease factors such as smoking (Pepe et 

al., 2001).  

Phase II - Retrospective Longitudinal Study: In this phase a candidate marker 

is assessed for its ability to detect cancers of pre-clinical stage.  Essentially the 

marker is tested in samples that were collected over time, from when individuals 

were still healthy until when they were diagnosed with the cancer and beyond.  A 

secondary aim in Phase II is to identify whether specific segments of the population 

are more susceptible to successful detection with the proposed marker.  These data 

are then used to propose a screening program for implementation in Phase III (Pepe 

et al., 2001).  

Phase III - Prospective Screening Study: The purpose of this phase is to 

determine the operating characteristics of the candidate marker in a population that 

may ultimately benefit from it.  In this phase an asymptomatic population is screened 
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and those that are labeled as positives are subsequently biopsied.  Successful 

detection rate is then determined along with the percentage of individuals who were 

unnecessarily referred for subsequent testing.  Secondary aims of Phase III are to 

assess the characteristics of the detected cancers and determine the feasibility of 

implementing a screening program amongst the general population (Pepe et al., 

2001).  

Phase IV – Cancer Control Study: Phase IV is a retrospective study on the 

biomarker after it has already been in use as a screening tool amongst the general 

population.  The main goal of this phase is to determine the resultant reduction in 

cancer mortality, and ultimately prevalence due to the implementation of the test.  A 

further goal is to estimate the impact on the population as a whole, in an attempt to 

quantify the net benefit of the test.  Sometimes a net-neutral or even negative effect 

can be observed if too many cases are missed or if unnecessary follow-ups or 

treatments cause an overabundance of complications (Pepe et al., 2001).     

Approaches to Biomarker Discovery 

Many cancer biomarker discovery studies tend to focus on two principal analytes: 

proteins (proteomic-based approach) and nucleic acids (nucleic acid-based approach). 

Proteomic-Based Approaches to Cancer Biomarker Discovery 

Just like any other cancer biomarker, a protein-based marker should exhibit the 

following properties: a) it should have strong diagnostic, prognostic, and/or therapeutic 

worth; b) it should be testable from a non-invasive source; c) it should target a 
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burdensome cancer; and d) it should offer a high level of sensitivity and specificity 

(Arciero et al., 2003).  Despite continued efforts to elucidate the molecular underpinnings 

of cancer, only a handful of proteins that play a direct role in the cellular processes that 

occur during carcinogenesis have been thoroughly investigated (Alaoui-Jamali and Xu, 

2006; Pastwa et al., 2007).  Table 2 lists a number of such promising protein-based 

cancer biomarkers that have already been discovered using modern proteomics 

technologies. 

 
Table 2 Protein-Based Cancer Markers Discovered with Modern Techniques. 

 

Proteomic Strategies 

Protein expression profiling is one of the most common strategies employed to 

identify putative cancer biomarkers.  The general outline of a protein profiling 

experiment is sample collection, protein purification, identification, and optionally 

quantification of individual proteins (Gygi et al., 2000).  This strategy can highlight 

differences in protein expression between various pathological states, i.e. cancer versus 

healthy and early versus late stage cancer.  The most commonly employed techniques for 

Biomarker Cancer type Reference 
Apo lipoprotein A1 Ovarian, pancreatic Zhang et al., 2004; Kozak et al., 2005 

Haptoglobin α-subunit Ovarian, pancreatic, 
lung Ye et al., 2003 

Transthyretin fragment Ovarian Kozak et al., 2005 
Inter-α-trypsin inhibitor 

fragment Ovarian, pancreatic Zhang et al., 2004 

Vitamin D-binding protein Prostate, breast Corder et al., 1993 and Pawlik et al., 2006 

Serum amyloid A Nasopharyngeal, 
pancreatic, ovarian Orchekowski et al., 2005; Moshkovskii et al.,2005 

α1-antitrypsin and α1-
antichymotrypsin Pancreatic Orchekowski et al., 2005; Yu et al., 2005 

Osteopontin Ovarian, prostate Khodavirdi et al., 2006 
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profiling protein expression are two-dimensional Sodium Dodecyl Sulfate-

Polyacrylamide Gel Electrophoresis (2D SDS-PAGE) and more frequently, mass 

spectrometry-based techniques like LC-MS/MS, which can make use of large databases 

to identify proteins (Pastwa et al., 2007).  

Techniques for Protein Separation and Identification 

Gel-Based Proteomic Profiling 

Two-dimensional SDS-PAGE is traditionally the most commonly utilized method 

for visualizing differences in protein expression.  With this approach, complex mixtures 

of proteins are separated either individually, or into small groups of similar proteins, all 

across a thin, gelatinous, and usually rectangular shaped, porous membrane (O'Farrell, 

1975).  The first dimension is normally a pH gradient that will sort proteins according to 

their isoelectric points (pI).  The proteins are sorted along the second dimension 

according to either their size in a denaturing gel or else a combination of their size and 

shape in a native gel.  The separated proteins are then visualized, either with Coomassie 

stain, silver stain, or else with fluorescent dyes such as SYPRO Ruby.  SYPRO exhibits a 

high sensitivity, detecting proteins at as low as 1 to 2ng/ml (Somiari et al., 2003).  Once a 

unique spot has been observed, it must be cut out from the gel and sent for sequencing in 

order to identify its composition (Westermeier, 2002). 

Two-dimensional SDS-PAGE has been used to effectively identify putative 

biomarkers for prostate (Lee et al., 2005a), breast (Somiari et al., 2005), liver (Lee et al., 

2005b), esophagus (Xiong et al., 2002) and lung (Seike et al., 2005) cancers.  Among the 

advantages of the two-dimensional gels are the superb coverage of the proteome, the high 
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resolution and the low cost (Westermeier, 2002).  However, despite the benefits of two-

dimensional gel electrophoresis, the method is a slow and labourious process that does 

not provide truly quantitative data.  Other drawbacks include poor sensitivity and 

associated difficulties separating high-molecular weight (>400kDa) or strongly 

hydrophobic proteins (Ong and Mann, 2005; Hanash, 2001).  Partly due to the above-

mentioned reasoning, many find that 2D electrophoresis is, on its own, not the ideal 

platform for identifying early-cancer detection markers where only small differences in 

protein expression are likely (Penque, 2009). 

Another gel based technique, known as differential gel electrophoresis (DIGE) 

has shown improvement over traditional 2D gels (Tonge et al., 2001).  With DIGE, 

proteins are purified from control and tumour samples and labeled with uniquely 

fluorescent dyes (Cy2, Cy3 or Cy5), mixed and then resolved on the same gel (Tonge et 

al., 2001).  Labeled proteins can then be reliably compared among the groups, using a 

fluorescence scanner and the aid of specialized software (Lilley and Friedman, 2004).  

DIGE and its 2D variant unfortunately still suffer from many of the same drawbacks as 

traditional 2D gel electrophoresis (Chakravarti et al., 2005). 

Non Gel-Based Proteomic Profiling 

One of the most widely used non gel-based proteomics techniques is the “bottom-

up” approach (Yates et al., 2009).  The “bottom-up” approach utilizes analytical mass 

spectrometry to identify individual proteins within a sample (Yates et al., 2009).  

Essentially, proteins are first digested with the aid of proteases (usually a tryptic 

digestion), and the resultant peptides are then separated by chromatographic methods 
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before being processed by mass spectrometry (Yates et al., 2009).  Collecting a mass to 

charge (m/z) ratio for each peptide allows for its identification, done with the aid of a 

database of previously established peptide mass fingerprints (PMF) (Yates et al., 2009).  

When dealing with a highly heterogeneous mixture of proteins however, tandem mass 

spectrometry is often used to improve the rate of identification.  This is done by further 

fragmenting peptides down to their constitutive components (Pang et al., 2002; Sun et al., 

2005; Wang et al., 2006).  A popular extension to the “bottom-up” approach, called 

iTRAQ, calls for the labeling of peptides from a given sample with an isobaric tag 

(Zieske, 2006).  By combining uniquely labeled samples (i.e. cancer and control) into the 

same run, relative quantification of proteins between sample types can be assessed 

(Zieske, 2006).   

Another mass spectrometry routine that has recently been used in cancer 

biomarker discovery is the “top-down” approach (Yates et al., 2009).  In this approach 

total proteins/peptides are applied directly to a mass spectrometer without tryptic pre-

treatment (Figure 1).  Depending on the type of mass spectrometer employed, peptides 

and small proteins of up to 10–20kDa can be identified (Pisitkun et al., 2006).  Accurate 

protein identification, especially for larger proteins (>30kDa), is usually more 

challenging from the “top-down” than from the “bottom-up” (Pisitkun et al., 2006).  This 

is because mass to charge ratios (m/z) are often reported only for the protein and its 

primary fragments, as opposed to a more thorough identification via component peptides 

in the “bottom-up” approach (Pisitkun et al., 2006).  One of the major advantages of the 

“top-down” approach is its ability to identify small, natively produced peptides (i.e. 
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proteolytic fragments from in vivo processes), some of which exhibit intriguing potential 

as cancer biomarkers (Villanueva et al., 2006). 

 

 

 

 

 

 

 

 

 

Figure 1 Schematic of top-down versus bottom-up methodologies for protein 
identification.  
(The “top-down” approach is normally used for small proteins and/or peptides without the preceding 
digestion.  First stage mass analysis of precursor ions (MS1) in this approach yields a list of m/z that can be 
used in pattern comparisons between control and disease conditions.  In contrast, the “bottom-up” approach 
requires an initial digestion step with proteases to break proteins down to peptides, allowing protein 
identification based on peptide mass fingerprints in MS1 and on peptide fragmentation spectra in MS2 
(Pisitkun et al., 2006)). 

 

Another non-gel based methodology is Multidimensional Protein Identification 

Technology (MudPIT), which has recently been used for protein expression profiling, 

thus proving itself a highly sensitive method for putative biomarker discovery (Bayer et 

al., 2006; Chen et al., 2006).  With MudPIT, peptides/proteins are first separated by 

charge (pI) and then by polarity/hydrophobicity.  After separation peptides are introduced 

into an electrospray ionization (ESI) mass spectrometer for identification.  Again with the 

aid of a database, proteins can be identified based on the mass spectra of their constituent 
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peptides.  MudPIT produces an excellent sensitivity, reported to be on the femtomolar 

(10-15) range (Wang et al., 2005).  However, like other database-driven methods, the 

results depend on the quality of the database, i.e. only proteins whose fragmentation 

spectra are previously defined in a database may be identified. 

Another technique that belongs in the “top-down” category is Surface-Enhanced 

Laser Desorption - Ionization Time-of-Flight (SELDI-TOF).  In SELDI-TOF, whole 

proteins are adsorbed onto a biologically or chemically treated surface before being 

washed to remove the unbound fraction (Tang et al., 2004).  Laser fragmentation and 

time of flight mass spectrometry are then employed to collect mass/charge ratios for the 

resulting peptides (Tang et al., 2004).  A database search can then be performed to 

identify individual proteins within the sample (Merchant and Weinberger, 2000).  

Alternatively, entire spectral profiles can directly be compared between cancer and 

control samples, generating a classifier that is based on the expression of hundreds of 

targets, many of which may not have appeared in a database (Pastwa et al., 2007).     

SELDI-TOF has shown potential as a screening tool for disease.  For example, in 

2002 researchers demonstrated the possibility of using SELDI-TOF to detect ovarian 

cancer using only the patient’s serum as a sample source (Petricoin et al. 2002b).  

SELDI-TOF has also been used to identify patients who were at elevated risk for cancer 

progression, based on patterns observed from various bodily fluids including serum, 

plasma, cerebrospinal fluid, and urine (Yang et al., 2005; Schwegler et al., 2005).  

Consequently, in 2005 the National Cancer Institute’s Early Detection Research Network 

(EDRN) praised SELDI-TOF as an innovative tool that offers serious potential for 

screening for cancer from bodily fluids (Pastwa et al., 2007).  
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Nucleic Acid-Based Approaches to Biomarker Discovery 

Circulating Nucleic Acids and Cancer 

Elevated levels of cell-free circulating deoxyribonucleic acid (cfDNA) have been 

observed in blood samples collected from cancer patients, as compared to those collected 

from healthy individuals (Leon et al., 1977; Shapiro et al., 1983).  Specifically, blood 

levels of cfDNA were shown to be between 180 and 412ng/mL among cancer patients, 

but only between 10 and 30ng/mL within the healthy control group (Leon et al., 1977; 

Shapiro et al., 1983).  Interestingly, much of this DNA, between 50 and 80%, was shown 

to originate from the tumours themselves (Goessl et al., 2002).  

Upon separation by gel electrophoresis, apoptotic cfDNA isolated from blood is 

generally observed to migrate between 150 and 200bp, but in some instances can appear 

in multiples of that length, especially in some cancer patients (Hasselmann et al., 2001; 

Fournie et al., 1995).  Generally the DNA is found this way because during apoptosis 

DNA is cleaved only within the spacer regions between nucleosomes (Wyllie et al., 

1980).  Fragments of DNA of varying length (150-200bp) are then contained within 

membrane-coated vesicles, known as apoptotic bodies (Wyllie et al., 1980).  Apoptotic 

bodies have been shown to contain either DNA or ribonucleic acid (RNA), but not both 

(Halicka et al., 2000).  Circulating NAs that appear in the bloodstream are proposed to 

originate from apoptotic bodies that have escaped engulfment by macrophages 

(Lichtenstein et al., 2001). 

Therefore, scientists have investigated the stability of circulating NAs and have 

concluded that, despite the presence of DNAses in blood, cell-free nucleic acids are 
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relatively stable (Holdenrieder et al., 2005; Holdenrieder et al., 2010).  It is surmised that 

their stability may, at least in part, be due to protection by histone proteins and/or the 

apoptotic membrane (Holdenrieder et al., 2005).  Also, it has been shown that some 

tumours can produce DNAse inhibitors, which is another possible explanation for the 

observation of elevated levels of circulating NAs in some cancer patients (Butler et al., 

1990).  

Using Circulating Nucleic Acids as a Source of Cancer Biomarkers 

The search for biomarkers in cell-free, circulating nucleic acids is largely 

motivated by the discovery of genomic and epigenomic alterations in cancer (Swarup and 

Rajeswari, 2007).  There are many possible aberrations that can occur in cancer, but 

commonly observed alterations include the activation of oncogenes, the inactivation of 

tumour-suppressors, and the presence of chromosomal rearrangements.  However, only 

certain of these aberrations are amenable to detection from cell-free sources (Swarup and 

Rajeswari, 2007).  Detectable mutations include those that are highly localized, such as in 

the NRAS oncogene, observed among patients with myelo-dysplastic syndrome (MDS) 

and myelogenous leukemia, and in the KRAS oncogene, observed among patients with 

pancreatic and colorectal cancers (Sorenson et al., 1994; Vasioukhin et al., 1994; Hibi et 

al., 1998).  Specific mutations to the tumour suppressor TP53 were also shown to be 

detectable in plasma circulating DNA, and occurrence of the mutant was shown to be 

prognostic for recurrence of breast cancer while also predicting the likelihood of 

secondary metastases (Shao et al., 2001).  
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Circulating Methylated DNA as a Source of Cancer Biomarkers 

Hyper-methylation is another example of an aberration that can occur at highly 

specific positions within a cancer genome.  As a result, considerable interest has been 

geared towards investigating the potential of using epigenetic alterations to help detect, 

stage, and even predict cancer’s response to treatment (Inazawa et al., 2004).   

In eukaryotes, methylation of DNA can occur at cytosine residues that form part 

of a CpG dinucleotide.  CpG dinucleotides are typically clustered together around 

regulatory regions, for example in promoters or primary exons (Gardiner-Garden and 

Frommer, 1987).  These areas of elevated dinucleotide concentration are termed CpG 

islands - the human genome contains approximately 29,000 of them (Venter et al., 2001).  

Hyper-methylation of CpG islands has been associated with the repression of 

transcription (Phillips, 2008); islands located near genes that are transcriptionally active, 

i.e. housekeeping genes and tumour suppressors, may not typically be hyper-methylated.  

Nevertheless certain CpG islands are often methylated, such as those near oncogenes, 

which are normally transcriptionally silent (Paulsen and Ferguson-Smith, 2001).  

The silencing of genes, especially tumour suppressors, have been observed in 

many types of cancer (reviewed in Van Vlodrop et al., 2011), and have even been 

reported to occur during the early stages of oncogenesis (Herman and Baylin, 2003).  

Furthermore, certain patterns of hyper-methylation have been shown to be indicative of 

an elevated risk of cancer progression (Laird, 2003).  
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MicroRNA-Based Approach to Biomarker Discovery 

At approximately 21 nucleotides in length, miRNAs, as a novel class of RNA, are 

relatively short (Kusenda et al., 2006).  Their small size however has not prevented 

scientists from detecting them; as of miRBase v19, over 2000 microRNAs have already 

been discovered in Homo sapiens (mirbase.org).  By functioning to regulate gene 

expression at the post-transcriptional level, endogenously expressed microRNAs play an 

important role within an organism (Calin and Croce, 2006).   

Like messenger RNAs (mRNA), microRNAs are first transcribed within the 

nucleus by RNA polymerase-II; a process that results in long transcripts of primary-

microRNAs (pri-miRNA) (Lee et al., 2004; Zeng et al., 2005).  Like messenger RNAs, 

pri-miRNAs are also typically capped at their 5′ ends and poly-adenylated at their 3′ ends 

(Cai et al., 2004).  Pri-miRNAs, which can be several hundred to thousands of bases 

long, form distinct hairpin-like structures throughout their lengths (Kusenda et al., 2006).  

These precursor hairpins then get cleaved off, with the aid of an enzyme complex that 

consists of an RNaseIII-containing endonuclease (Drosha) and its cofactor, Pasha 

(Kusenda et al., 2006).  The freed hairpins are known as pre-microRNAs (pre-miRNA); 

typically between 60 and 70 nucleotides in length, pre-miRNAs are distinguished by 

being double stranded with 3’ overhang (Han et al., 2004; Landthaler et al., 2004).  This 

distinction is recognized by Exportin-5 (Exp5), a nuclear membrane-associated protein, 

which then helps the pre-miRNA translocate into the cytoplasm (Bohnsack et al., 2004).  

Once in the cytoplasm, a pre-miRNA is processed to its final length (~21 nucleotides), by 

yet another RNAseIII-containing endonuclease (Dicer) (Grishok et al., 2001).  The 

duplex can then be accepted into an RNA-Induced Silencing Complex (RISC), which 
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employs the miRNA as a sequence-specific guide to target complementary messenger 

RNAs for silencing (Kusenda et al., 2006). 

The mechanism of silencing is largely dependent on the degree of 

complementarity.  If near-perfect complementarity exists between a miRNA and its target 

(mRNA), then complete degradation of the target transcript ensues by the RISC via the 

built-in ribonuclease domain (Hannon, 2002).  If, however, there is only partial 

complementarity between a miRNA and its target, then translation is simply blocked by 

preventing the mRNA from binding to a ribosome (Pillai et al., 2005; Carmell et al., 

2002).  See Figure 2 for an illustration of the entire process, from biogenesis to function.   

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    
Figure 2 MicroRNA: Biogenesis and Function. 
(A visualization of the proto-typical microRNA pathway (Esquela-Kerscher and Slack, 2006)) 



Taha Haj-Ahmad                                                                                                    Prostate Cancer Biomarker                                                                                                

 37 

 

In a review of the extent to which microRNAs are utilized among cellular 

processes, it was reported that pathways, including those responsible for cellular division 

and apoptosis, were likely under the control of microRNAs (Cheng et al., 2005).  

Furthermore, by regulating such important processes some microRNAs have even been 

reported to function like tumour suppressors or even oncogenes (Cheng et al., 2005).   

Oncomirs, as they are known, function to down-regulate traditional tumour 

suppressor genes.  An over-abundance of such microRNAs has been implicated in the 

progression of certain cancers (Zhang et al., 2007).  For example, PTEN, a tumour-

suppressor gene that is responsible for promoting apoptosis via the PI3K-AKT-mTOR 

pathway, is a predicted target of microRNAs belonging to the miR-17–92 cluster (Lewis 

et al., 2003; Hammond, 2006).  As might have been predicted, microRNAs within this 

cluster were observed at elevated levels among some lymphoma (B-cell) and lung cancer 

(small cell) samples; furthermore, up-regulation in these patients was associated with a 

more aggressive phenotype (Hayashita et al., 2005; He et al., 2005a).  Interestingly, 

transcription of the miR-17-92 cluster is reportedly driven by c-myc, an oncogene that 

also regulates expression of the cell-cycle transcription factor, E2F1 (O'Donnell et al., 

2005).  This is significant because abnormal expression of c-myc (Myelocytomatosis 

oncogene), a gene that regulates cellular growth, proliferation and apoptosis, is 

commonly observed in cancer (Cole and McMahon, 1999; Fernandez et al., 2003).  

While miRNAs such as those in the 17-92 cluster have been observed functioning 

as oncogenes, other miRNAs such as let-7 have been observed acting like tumour 

suppressors (Zhang et al., 2007).  MiRNAs that function as tumour suppressors do so by 
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targeting traditional oncogenes, i.e. genes that promote cellular proliferation or that block 

apoptosis.  For example, a number of human cancers have been shown to harbour a 

deletion in the chromosomal region encoding the let-7 microRNA (Calin et al., 2004).  In 

particular, down-regulation of let-7 has been observed in several human lung cancers 

(Johnson et al., 2007).  Furthermore, down-regulation was prognostic of poor post-

operative survival, irrespective of cancer stage (Takamizawa et al., 2004).  Interestingly, 

let-7 is predicted to regulate the RAS oncogene (Johnson et al., 2005).  The hypothesis 

that let-7 functions as a tumour suppressor by targeting RAS was strengthened when 

scientists discovered that lung tumour samples expressing very low levels of let-7 also 

expressed high levels of the RAS oncogene (Johnson et al., 2005; Xia et al., 2010). 

To identify microRNAs that could be involved with cancer, researchers have 

compared the expression of hundreds of microRNAs among various cancers and their 

corresponding normal-adjacent tissues.  Interestingly, many of these studies have come to 

highlight the diagnostic potential of microRNA profiling.  Moreover, miRNA profiling 

has shown utility for detecting and prognosing cancer, and in some instances even 

predicting therapeutic response to treatment (Waldman and Terzic, 2007).  In one 

particular study, researchers were able to differentiate between healthy, inflamed and 

cancerous pancreatic tissue simply by profiling a subset of microRNAs (Bloomston et al., 

2007).  Table 3 lists the clinical potential of microRNAs among a variety of human 

cancers. 

 

 



Taha Haj-Ahmad                                                                                                    Prostate Cancer Biomarker                                                                                                

 39 

 
Table 3 Possible clinical uses for microRNA profiling in various human cancers. 
 

 

Urine: an Ideal Sample Source for Biomarker Discovery 

Urine offers several advantages over other sample sources.  Firstly, it can be 

obtained in large quantities and at regular intervals with very little training, thus 

improving the rate of patient compliance, something especially useful for longitudinal 

studies.  Secondly, urine does not usually transmit HIV and it is less infectious for many 

other pathogens (Advisory Committee on Dangerous Pathogens, 1990).  Thirdly, urine is 

a filtrate of blood, and as such maintains a qualitatively similar protein composition (Oh 

et al., 2004), although blood proteins over 30kDa in size are usually found as fragments 

in urine (Theodorescu and Mischak, 2007; Nagaraj and Mann, 2011). 

Cancer (s) Results Significance Literature 

Lung Cancer MiRNAs correlated to histology; MiRNAs 
associated with survival (miR-155 & let-7) 

MiRNAs might be useful 
for diagnosing and 
prognosing cancer 

Yanaihara et 
al., 2006 

Breast 
Cancer MiRNA profiles correlated to pathology MiRNAs might be useful 

for prognosing cancer 
Iorio et al., 

2005 

Pancreatic 
Cancer 

MiRNAs profiles correlated to tumour 
origin; miR-21 was associated with 

proliferation & metastasis 

MiRNAs might be useful 
for diagnosing and 
prognosing cancer 

Roldo et al., 
2006 

Liver Cancer MiRNA profiles correlated to 
differentiation 

MiRNAs might be useful 
for prognosing cancer 

Murakami et 
al., 2006 

Thyroid 
Cancer 

Up-regulation of miR-221 and miR-222 
was observed in some tumour & adjacent 

cells but not in healthy thyroid tissue 

MiRNAs might be useful in 
the early detection of 

cancer 

He et al., 
2005b 

Brain 
Tumour 

Distinct signatures observed between 
tumour and healthy tissues 

MiRNAs offer diagnostic 
potential 

Ciafrè et al., 
2005 

Various MiRNA profiling correlated with tumour 
origin much more than mRNA profiling 

MiRNAs might be useful 
for identifying a cancer’s 

origin 
Lu et al., 2005 

Various solid 
tumours 

Common signatures observed among 
various carcinomas 

Certain miRNAs might be 
indicative of cancer 

Volinia et al., 
2006 
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Temporal and inter-personal variations, especially in protein concentration, must 

also be considered when using urine as an analyte.  Significant fluctuations in protein 

concentration, both between individuals and among the same individuals throughout the 

day, have been observed (Kussmann et al., 2006).  Although primarily linked to fluid 

intake, the intrinsic variability of the urine proteome has also been suggested to result 

from, among other factors, diet and exercise, catabolic and anabolic processes, circadian 

rhythms, and hormonal fluctuations (Kussmann et al., 2006).  Normalization, however, is 

still possible using creatinine (Vestergaard and Leverett, 1958) or naturally abundant 

peptides (Schiffer et al, 2006).  Variations in pH can also affect the activity of urinary 

proteases, creating inconsistencies in mass spectrometry data (Theodorescu and Mischak, 

2007).  These can also be avoided simply by collecting urine in the presence of a protease 

inhibitor (Theodorescu and Mischak, 2007). 

Despite the intricacies of dealing with urine, mass spectrometry-based proteomic 

profiling of urine has been successfully employed to identify candidate biomarkers for 

renal and urological malignancies (Rehman et al., 2004; Irmak et al., 2005), and for 

systemic cancers as well (Tantipaiboonwong et al., 2005; Ye et al., 2006).  The more 

traditional, two-dimensional gel electrophoresis technique has also been widely used for 

comparing the urinary proteomes of healthy versus diseased patients (Gorg et al., 2004). 

In addition to proteins, cell-free nucleic acids have also been observed in urine 

(Botezatu et al., 2000; Su et al., 2004; 2006).  The presence of cell-free nucleic acids in 

urine is thought to be related to the level of cell-free nucleic acid in plasma, which itself 

is proportional to the concentration of perished cells circulating in blood (Fournie et al., 

1993; Su et al., 2006).  Some of this cfDNA has been shown to cross the kidney barrier 
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and end up in the urine (Botezatu et al., 2000).  For example, Y-chromosome-specific 

DNA sequences were detected in the urine of women who were either pregnant with a 

male fetus or had received a male’s blood by transfusion (Lichtenstein et al., 2001).  

Furthermore, urinary DNA has even been used to detect cancer-specific KRAS mutations 

among patients with either pancreatic or colorectal cancer (Botezatu et al., 2000). 

Prostate Cancer 

Epidemiology and Etiology  

Globally, PCa is the second most common, non-cutaneous cancer among men 

(Jemal et al, 2011; Howlader et al., 2012).  In 2008 there were approximately 903,500 

new diagnoses of PCa worldwide (Global Cancer Facts & Figures, 2011).  This number 

represents over 10% of all non-cutaneous cancers diagnosed in men each year (Stefano et 

al., 2012).  That same year there were 258,400 global PCa-related deaths (Global Cancer 

Facts & Figures, 2011).  More than half occurred within developed nations such as the 

US, Canada, and the UK (Global Cancer Facts & Figures, 2011).  In spite of screening 

programs, PCa still remains a significant cause of cancer-related mortality among these 

nations (Jemal et al, 2011; Howlader et al., 2012).  In fact, in 2008 PCa was ranked as the 

third highest cause of non-cutaneous cancer mortality in men, behind only lung and colon 

cancers (Global Cancer Facts & Figures, 2011).  Because of PCa’s heavy burden, 

scientists have sought to better understand who develops PCa and why.  Through 

numerous studies examining the epidemiology and etiology of the disease, it has become 

apparent that a number of factors are associated with PCa. 
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Various studies have observed a positive correlation between age and incidence 

of PCa (Boyle et al., 2003; Yin et al., 2008; Howlader et al., 2012).  Howlader et al. 

noticed that only 37% of PCa were being diagnosed in men under the age of 65, the 

majority of which were in men between the ages 55 and 64 (Howlader et al., 2012).  Only 

8.6% of total cases occurred in men between the ages 45 and 54 and nearly none in men 

younger than 45 (Howlader et al., 2012).  Furthermore, in a study of prostatic tissue 

samples from a primarily Caucasian population with no prior history of prostate disease, 

the positive correlation between age and incidence of PCa was experimentally confirmed 

(Yin et al., 2008).  In that study, only 35% of positive biopsies originated from men 

between the ages of 60 and 69, whereas nearly half (46%) of all positive biopsies were 

from men between the ages of 70 and 81 (Yin et al., 2008). 

Studies conducted by Platz et al. (2000) and Bostwick et al. (2004) in the 

United States have observed that the prevalence of PCa also varies by 

ethnicity.  Specifically, these studies observed a higher rate of PCa among males of 

African-American descent than of Caucasian.  Howlader et al. (2012) made similar 

observations, even after having adjusted for dietary and lifestyle related risk factors.  

Interestingly, diabetics were found to have a lower risk for PCa.  In a Swedish study, 

diabetic men showed a 9% lower risk for PCa than controls.  Furthermore, men with 

diabetic complications showed an even lower risk, 18% lower than controls (Weiderpass 

et al., 2002).  In a separate study, having diabetes was associated with a 40% reduction in 

risk of PCa, however this association only held true for Caucasians and Hispanics and not 

for African-Americans (Rosenberg et al., 2002). 

A number of studies also found a strong genetic etiology to PCa.  In 2002, Bratt 
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observed that individuals with an affected first-degree relative were diagnosed, on 

average, 6 to 7 years earlier than men without a family history of early 

PCa.  Furthermore, the risk of being diagnosed with PCa increased significantly for men 

with multiple first-degree relatives afflicted early on (Steinberg et al., 1990; Carter et al., 

1992a).  The high risk of PCa that is shared by first-degree relatives is thought to be due 

to inheritance of a defective gene(s) (Gronberg, 2003). 

A number of genes have been associated with hereditary risk for PCa, including 

at least 7 candidate susceptibility loci (Simard et al., 2002).  One such locus is the 

heritable HPC1, located on the long arm of chromosome 1.  It was first identified among 

high-risk families in Sweden and the United States (Smith et al., 1996).  Families 

affected by HPC1 were likely to have at least five members (spanning only two 

generations) be diagnosed with early onset PCa (Gronberg, 1997).  Further analyses of 

the HPC1 locus revealed it to contain the 2',5'-oligo-isoadenylate synthetase–dependent 

ribonuclease-L gene (RNASEL), which is believed to function as a tumour suppressor, 

regulating cellular proliferation and apoptosis (Carpten et al., 2002). 

Environmental factors, particularly diet, have also been reported to potentially 

play a role in a man’s risk for PCa.  This hypothesis was originally proposed when 

researchers observed that Asians (who typically have a lower risk for PCa than other 

ethnicities) who adopted an American lifestyle saw their risk for PCa increase (Dunn, 

1975).  Further studies, particularly those examining the role of an American diet on risk 

for PCa, produced inconsistent results.  One study found that an increased intake of red 

meat resulted in an increased risk of PCa, but only for African-Americans and not 

Caucasians (Rodriguez et al., 2006).  However a further study, assessing males from four 
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different ethnic groups found no correlation between consumption of animal fats and risk 

of PCa (Park et al., 2007). 

Furthermore, a study conducted by Miller et al (2002) reported that a diet high 

in tomatoes or tomato products was associated with a lower risk of PCa.  They suggested 

that lycopene, a compound found in raw and processed tomato products, might have been 

the cause of the observed reduction in PCa risk.  In a similar study that focused 

specifically on lycopene consumption, it was found that between two cohorts, the one 

with the higher lycopene consumption had on average, a 16% lower risk for PCa 

(Giovannucci et al., 2002). 

Selenium, an essential trace element abundantly found in grains and fish, has 

been observed to protect against PCa (Clark et al., 1998; Vogt et al., 2003).  Specifically, 

serum selenium levels were found to inversely correlate to risk of PCa, both among 

Caucasians and African-Americans (Vogt et al., 2003).  Furthermore, the men with the 

highest levels of selenium showed, on average, a 29% lower risk for PCa (irrespective of 

ethnicity) than controls (Vogt et al., 2003). 

In addition to the previously mentioned risk factors, body mass index (BMI) and 

bone mass have both been shown to positively correlate to risk of PCa.  In a longitudinal 

study where more than 40,000 PCa-free men were monitored over the course of 16 years, 

the risk of PCa mortality was shown to be significantly higher for those individuals with 

a higher than average baseline BMI (P <0.001).  In particular, having a BMI between 

35.0 and 39.9 was associated with a 34% higher risk of dying from PCa than having a 
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BMI in the normal range (18.5-25) (Calle et al., 2003).  A separate study, however, failed 

to observe the same correlation between BMI and PCa (Giles et al., 2003).   

One study has suggested that elevated bone mass might be a possible indicator for 

increased risk of PCa (Zhang et al., 2003).  Further to this, in the Physicians’ Health 

Study, an increased consumption of calcium was associated with a higher risk of PCa 

(Chan et al., 2001).  Several other factors however, including sexual activity, alcohol 

consumption, smoking, physical activity and vasectomy, were not observed to correlate 

to risk of PCa (Gronberg, 2003; Haas and Sakr, 1997; Chacko et al., 2002; Albertsen et 

al., 2002).  

Staging Prostate Cancer 

Staging, with regards to PCa (and cancer is general), is done to characterize the 

features of a particular malignancy and to assess the extent of a cancer’s spread 

throughout the body.  Proper staging requires that a physician qualify traits such as size 

of primary tumour, location and presence of secondary tumours, depth of penetration into 

adjoining tissues and lymph nodes, and the effect on afflicted organs (Yano et al., 2007).  

Grading systems on the other hand, like the Gleason Score for PCa, are used to assess the 

extent of malignant transformation among individual cells of a given tissue sample - 

grading is part of the biopsy process (Yano et al., 2007).  In order to ensure consistency, 

for example between labs when biopsies are graded, and importantly between physicians 

when patients are staged, a standard system is needed.  

There are two principal staging systems in use for PCa: the Whitmore-Jewett 

staging system (stages A through D), originally described in 1975 (Jewett, 1975), and the 
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Tumour Node Metastasis (TNM) system, originally published as a 1st Edition in 1977 

(American Joint Committee on Cancer of the Prostate, 2002; Madu and Lu, 2010).  TNM 

was later updated several times, including in 2002 and most recently in 2009 with the 

release of the 7th Edition (American Joint Committee on Cancer of the Prostate, 2002; 

Madu and Lu, 2010).  The TNM system, by far the more popular of the two, was adopted 

in 1997 by both the American Joint Committee on Cancer (AJCC) and the International 

Union against Cancer, as the recommended system for staging PCa (American Joint 

Committee on Cancer of the Prostate, 2002). 

The TNM staging system is used to describe the extent of PCa progression 

throughout the body.  As such, it provides for the evaluation of a particular cancer based 

on three primary categories: (1) the primary tumour (T), (2) the spread among regional 

lymph nodes (N), and (3) the presence of distant metastases (M) (American Joint 

Committee on Cancer, 1997).  The TNM staging system was created to be familiar to 

physicians and is therefore based on a traditional staging system (Stage 0 through to 

Stage IV) (Bostwick et al., 1994).  More than that though, TNM allows for a breakdown 

of the end stage; this is done by assigning a letter or number (i.e. a sub-stage) to each of 

the cancer’s three main aspects: tumour, node, and metastases (see Table 4 for a general 

guide to the TNM system) (www.prostatecancerfoundation.org; Bostwick et al., 1994).   

Modifications proposed for the 8th edition of TMN will allow for other descriptors 

such as tumour grade, PSA level, and ideally even cellular and genetic aberrations, to be 

combined in with basic anatomical staging information (Cogen et al., 2011), thus 

providing for a more accurate image of a patient’s malignancy  (Montie, 1995).    
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Potential improvements to a staging system must be vigorously validated, since 

treatment strategy is usually dependent on a cancer’s stage (Fielding et al., 1992).  

Furthermore, probability of patient survival (5-year) is largely determined by the stage at 

which a cancer is first diagnosed (Bostwick et al., 1994).  Despite the fact that 90% of 

PCas are diagnosed in the local and regional stages (www.prostatecancerfoundation.org), 

proper staging is still vitally important, since inaccuracies can lead to inappropriate 

treatment and hence decrease a patient’s chances of 5-year survival (Yano et al., 2007). 

 
Table 4 Overview of the TNM Staging System for Prostate Cancer. 
 

Anatomic Stage/Prognostic Groups 
Group T N M PSA Gleason 

Stage I 
T1a-c N0 M0 PSA < 10 Gleason ≤ 6 
T2a N0 M0 PSA < 10 Gleason ≤ 6 

T1-2a N0 M0 PSA X Gleason X 

Stage IIA 

T1a-c N0 M0 PSA < 20 Gleason 7 
T1a-c N0 M0 PSA ≥ 10 < 20 Gleason ≤ 6 
T2a N0 M0 PSA < 20 Gleason ≤ 7 
T2b N0 M0 PSA < 20 Gleason ≤ 7 
T2b N0 M0 PSA X Gleason X 

Stage IIB 
T2c N0 M0 Any PSA Any Gleason 
T1-2 N0 M0 PSA ≥ 20 Any Gleason 
T1-2 N0 M0 Any PSA Gleason ≥ 8 

Stage III T3a-b N0 M0 Any PSA Any Gleason 

Stage IV 
T4 N0 M0 Any PSA Any Gleason 

Any T N1 M0 Any PSA Any Gleason 
Any T Any N M1 Any PSA Any Gleason 

 

Anatomical Detection of Prostate Cancer 

Before PCa can be staged and the appropriate treatment selected, it must first be 

detected.  A number of techniques are currently available for assessing prostate health, 

the most common of which include digital rectal exam (DRE), trans-rectal 
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ultrasonography (TRUS), and prostate specific antigen-based testing (PSA) (Mettlin et 

al., 1991; Catalona et al., 1991). 

Despite its poor sensitivity, especially in early phase, DRE is one of the most 

commonly utilized tools for detecting and screening for PCa (Basler and Thompson, 

1998).  With an overall accuracy of only 59%, DRE still maintains the ability to detect 

prostate abnormalities that might otherwise go unnoticed (Basler and Thompson, 1998; 

Mahon, 2005).  Besides being inexpensive, normally well tolerated and amenable to 

detecting other conditions including benign prostatic hyperplasia (BPH), an important 

advantage of the DRE is its ability to identify PCas that may not be detectable by other 

means.  For example, DRE might be especially useful for identifying PCa among men 

with a normal PSA level (<4ng/mL), where it is estimated that approximately 20% of 

PCas occur (Yedema et al., 1993; Basler and Thompson, 1998; Thompson et al., 2004).  

The DRE’s primary limitation however, is that it can only detect cancers that are 

sufficiently large and are located in regions of the gland palpable from the rectum 

(Mahon, 2005).  

Transrectal Ultrasonography (TRUS) is a tool that can be used to detect PCa by 

visualizing deep into the prostate.  TRUS, like DRE, is applied across the rectal wall; 

where TRUS differs from DRE is that it utilizes ultrasonic sound waves, as opposed to a 

physician’s subjective sense of touch for assessing the gland.  TRUS, while more 

cumbersome, invasive and expensive to perform than a simple DRE, has the potential to 

outperform DRE when screening for relatively early-stage PCas (Men et al., 2001).  

TRUS is also commonly employed during needle biopsy, to help guide the surgeon when 

sampling for PCa (Oh et al., 2003).  And although TRUS can be recommended in place 
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of biopsy, on its own it typically offers limited sensitivity and specificity for detecting 

PCa (Punnen and Nam, 2009).  Despite these limitations, TRUS offers better diagnostic 

accuracy when combined with PSA than DRE when detecting PCa, although this is at the 

expense of added cost (Catalona et al., 1991; Catalona et al., 1994). 

Prostate Specific Antigen 

PSA is a member of the human family of kallikrein proteases.  Initially thought of 

as being produced exclusively by the prostatic epithelia, PSA has since been discovered 

among a variety of tissues and fluids, including breast milk (Chu, 1997; Polascik et al., 

1999; Diamandis and Yu, 1997; Laux and Custis, 2004).  However in men, prostate-

produced PSA is most abundant in semen, although low levels do exist in the blood 

(Papsidero et al., 1980).  In blood, PSA is primarily bound to either α1-antichymotrypsin 

(ACT) or α2-microglobulin (A2M) (Chu, 1997).   

Since PSA is primarily produced in the prostate and is therefore relatively prostate 

specific, it was proposed that a sharp but consistent increase in serum PSA was indicative 

of exponential prostate cell growth, as might occur in PCa (Carter et al., 1992b). 

Discovery of Prostate Specific Antigen 

PSA was first discovered and purified from prostate extract in 1979 (Wang et al., 

1979; 1982).  In addition to being measurable from tissue, reports starting with Papsidero 

et al. (1980) showed the possibility of quantifying PSA in serum.  Using an ELISA assay, 

scientists were able to notice elevated levels of PSA in many PCa patients (Chu et al., 

1979; Kuriyama et al., 1980).  Within a decade, the PSA test had been validated for 



Taha Haj-Ahmad                                                                                                    Prostate Cancer Biomarker                                                                                                

 50 

detecting PCa using any serum level above the empirically determined cutoff of 4ng/mL 

(Stamey et al., 1987).   

PSA’s use as a marker for PCa was soon limited by the many instances of BPH 

that were also associated with an increased serum PSA above the 4ng/mL cutoff, and 

especially in the range of 4-10ng/mL (Rao et al., 2008).  Later research seemed to 

indicate that it might be possible to distinguish at least some instances of PCa from BPH 

using the ratio of free to total serum PSA (Roddam et al., 2005).  For those men falling 

within the newly described PSA “Grey zone” (i.e., a PSA level between 4 and 10 ng/mL), 

having a free to total PSA ratio of one quarter or less seemed to indicate that the patient 

had PCa as opposed to BPH (Catalona et al., 1997). 

In 1994 the American Food & Drug Administration (FDA) officially approved 

serum PSA testing for use in PCa screening, using a maximal normal value of 4ng/mL 

(Oberaigner et al., 2006).  Since its approval, the PSA blood test has become the standard 

in PCa screening and its use has resulted in a noticeable decline in PCa related mortality 

(Oberaigner et al., 2003; Baade et al., 2004).   

Characteristics of the Prostate Specific Antigen Blood Test 

Like the DRE, serum PSA testing for PCa is relatively inexpensive; the 

difference, PSA’s main advantage, is its high sensitivity for PCa (86%) (Hoffman et al., 

2002).  PSA unfortunately has a notoriously poor specificity (33%) for detecting PCa.  

This is because other conditions such as BPH and prostatitis can also result in an elevated 

level of serum PSA, which is why PSA testing often leads to false positive results 

(Hoffman et al., 2002).   
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The PPV of PSA screening for PCa (or the proportion of positive tests that are 

actually cancer), generally depends on the PSA cutoff used.  When studies used the FDA 

recommended cutoff of 4ng/mL, the PPV averaged 37% and the NPV averaged 91%.  

When the serum cutoff was raised to 10ng/mL, PPV went up by 10%, but this was at the 

cost of sensitivity.  However if PSA was combined with DRE, the probability of accurate 

diagnosis went up, regardless of cutoff.  Furthermore, without DRE approximately 10% 

to 21% of cancers would not have been diagnosed, since a cutoff below 4ng/mL would 

have been required to catch the false negatives (Bunting, 2002). 

Issues with Prostate Specific Antigen Screening for Prostate Cancer 

Both the American Urological Association and the American Cancer Society 

originally made the recommendation that all men over the age of 50 and with a life 

expectancy of at least 10 years should undergo annual PCa screening via both a PSA test 

and a DRE (Smith et al., 2003).  Men at intermediate risk for PCa however, including 

those with an early afflicted first-degree relative or those men of African-American 

descent, were recommended to start annual screening at the age of 45, while men at high 

risk, such as those with multiple early afflicted first-degree relatives were recommended 

to start testing at age 40 (Carroll et al., 2001).   

Regular screening for PCa via PSA testing is fraught with controversy.  Some, 

such as the US Preventative Services Task Force, argue that regular PSA screening’s 

potential benefits are being overshadowed by complications associated with unnecessary 

biopsies, something they argue is not being accounted for by the limited analyses looking 

only at PCa-specific mortality (Chou et al., 2011).  Others continue to claim PSA 
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screening has produced a net positive effect, and point to newly interpreted data from 

recent large-scale clinical trials as proof (Catalona et al., 2012).   

To the case in point, when the initial FDA guidelines were approved they 

specifically recommended a PSA cutoff of 4ng/mL be used.  Many clinicians however, in 

an attempt to catch as many malignancies as possible, started using a lower cutoff, of 

around 2.5-3ng/mL.  This trend started in 2005 when a publication suggested that patients 

might see better prognoses if their carcinomas were diagnosed at a lower PSA level 

(Nadler et al., 2005).  Consequently, many men were recommended for biopsy when it 

was simply not necessary (Hoffman, 2011).  PSA’s low specificity meant that elderly 

men (due to age-related increases in PSA), as well as men with prostate conditions such 

as BPH or prostatitis, all became sources of false positive results (Hoffman, 2011).   

Another problem with PSA, alluded to previously, was made evident in 2004 when 

Thompson and colleagues reported that PCa was detectable in approximately 15% of men 

with normal PSA values (<4ng/mL), making PCa screening a challenge by PSA alone.   

These findings have fueled the persistent conflict centered around the benefits of 

regular PSA screening, and have led many to question the value of PSA as an early 

detection tool (Carter and Isaacs, 2004; Croswell et al., 2011; Prensner et al., 2012).  

Some have even implied that resources might have been better spent looking for other 

potentially more reliable PCa screening markers (Moyer, 2012; Marks, 2012). Criticisms 

such as these have been fueling the search for newer and better markers for PCa, starting 

with improvements to the PSA test itself (Madu and Lu, 2010). 
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Variations on Prostate Specific Antigen Testing 

Various modifications to PSA testing have been evaluated in order to enhance the 

PPV of PCa testing, one of which is the use of age-based reference ranges.  Since PSA 

tends to increase as men age (Brawer et al., 1992; Babaian et al., 1992; Collins et al., 

1993), scientists proposed using lower cutoffs for younger men (DeAntoni, 1997).  This 

approach seemingly improved the sensitivity of PSA screening for PCa in younger men 

but showed the opposite effect for older men (Bunting, 2002).  Ultimately, once it was 

shown that higher cancer detection rates were being observed without the reference 

ranges, the approach fell into disuse (Bunting, 2002).   Another variation on PSA testing 

is the PSA-Density (PSAD).  This approach utilizes prostatic volume to normalize for 

individual variability in prostate volume.  To calculate PSAD, serum PSA is divided by 

prostate volume, determined by TRUS.  PSAD was first proposed by Benson et al. 

(1992) as a method to help differentiate PCa from BPH.  Studies evaluating PSAD 

however have shown mixed results.  Some studies have suggested that it improves 

sensitivity and specificity when detecting PCa (Seaman et al., 1993; Jewett et al., 1993), 

but another study failed to see an improvement (Brawer et al., 1993).  Due to 

inconsistencies, PSAD as a diagnostic tool has seen little clinical use.  Other studies, 

however, have been evaluating PSAD as a prognostic indicator for PCa (Pollack et al., 

1996; Ingenito et al., 1997; Aref et al., 1998).  

Another modification to the PSA test is known as the PSA-Velocity (PSAV).  

PSAV looks at the rate of change in PSA over time.  It was first proposed by Carter and 

colleagues (1992b) when they suggested that an increase in serum PSA greater than 

0.75ng/mL/year, was more characteristic of PCa than BPH.  Unfortunately PSAV’s 
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ability to differentiate benign from malignant disease has been extremely limited.  It has 

even been claimed that if PSAV were to be used as the sole indicator for whether to 

perform biopsy, then excessive numbers of unnecessary surgeries would likely ensue 

(Vickers et al., 2011).  Despite its limited diagnostic potential, PSAV has shown promise 

as a prognostic marker for PCa (Vickers and Brewster, 2012). 

 The most promising of the PSA modifications are the PSA isoforms.  The 

various incarnations of PSA in the blood include free PSA, PSA complexed to blood 

proteins, total PSA (sum of free and complexed), and [-2]proPSA.  A small ratio of free-

to-total PSA (<0.3) has been proposed as a way to improve discrimination between PCa 

and BPH (Oesterling et al., 1995).  The use of the free-to-total PSA ratio has been 

confirmed to reduce the number of unnecessary biopsies while still maintaining an 

acceptable level of detection (Roddam et al., 2005). 

 The precursor form of PSA, known as [-2]proPSA, was originally observed at 

higher concentrations in PCa tissue than in benign (Mikolajczyk et al., 2000).  It has 

since been confirmed as more predictive of PCa than either PSA or the PSA ratio (Sokoll 

et al., 2008).  In 2012, the FDA approved a new test, the Prostate Health Index (PHI), 

which makes use of all three PSA, free PSA and [-2]proPSA.  The test is designed to 

reduce unnecessary biopsies, and as such is only recommended for use in men over 50 

who have a normal PSA level and no abnormal finding upon DRE (Pendick, 2012).   

 The PHI, though an improvement over previous PSA-based testing (Lazzeri et 

al., 2012), is still limited by the fact that PSA itself is not inherently specific for PCa.  An 

invasive biopsy is still the only way to truly diagnosis PCa, and the prostate biopsies 
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typically miss cancer approximately 20% of the time (Ornstein and Kang, 2001).  As 

such, the search for a novel, specific, sensitive, non-invasive and non-PSA-based marker 

for PCa is still ongoing (Wright and Lange, 2007).  

Non-Prostate Specific Antigen Candidate Markers for Prostate Cancer 

One of the primary aims of cancer research is to identify novel, cancer-specific 

molecular signatures.  These signatures can be employed in any number of ways, from 

detecting cancer at its earliest on-set to monitoring its progression.  The end goal, 

however, is always the same: to either help prevent cancer, or else to make current 

treatments more effective at eliminating the disease.  To achieve these goals, an ideal 

biomarker is required.  An ideal biomarker for PCa would have the following attributes: 

a) be able to detect PCa at an early stage; b) be useful for monitoring its progression; c) 

offer insight into the patient’s likely fate, i.e. has a strong prognostic value; d) be useful 

for monitoring therapeutic response; and e) be useful for monitoring recurrence of PCa 

(Madu and Lu, 2010).  

Research efforts in this field have not gone entirely unrewarded; there are 

numerous potential candidates described in the literature (Makarov et al., 2009; Madu 

and Lu, 2010).  And although many candidates are not yet validated, research continues 

towards that goal (Diamandis, 2010).  Twelve potential candidates are summarized 

below:  
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Prostatic Acid Phosphatase 

It was in the 1930s that researchers first noticed elevated levels of prostatic acid 

phosphatase (PAP) in the blood of patients with PCa, particularly those with bone 

metastases (Gutman et al., 1936).  Based on these initial findings, serum PAP reference 

ranges were established for the purpose of monitoring progression, i.e. metastasis in PCa 

(Tricoli et al., 2004).  Despite elevated levels of serum PAP occurring in nearly 70% of 

PCas with bone metastases, normal levels were mostly observed for patients whose 

cancers were still at an early stage (Veeramani et al., 2005).  Another potential problem is 

that serum PAP can be subject to occasional yet sudden variations in level (Madu and Lu, 

2010).  Due to PAP’s limitations and to the advent of PSA, PAP testing was largely 

abandoned (Bishop et al., 1985; Lowe et al., 1993; Oh et al., 2003).  During the last ten 

or so years however there has been renewed interest in using PAP to prognosticate PCa 

(Han et al., 2001; Taira et al., 2007). 

α-Methylacyl Coenzyme-A Racemase  

α-Methylacyl Coenzyme-A Racemase (AMACR) is an enzyme that plays a role in 

fat metabolism.  It may also be responsible for excessive proliferation in PCa cell lines 

(Zha et al., 2003).  AMACR mRNA has also been observed at elevated levels in PCa 

tissue samples, and such an observation was proposed as an indicator for malignancy 

(Jiang et al., 2004).  In their study, Jiang et al. noticed that in 88% of PCa tissue samples, 

AMACR mRNA levels were, on average, nine times higher than in benign tissue.  

Another study looked at the AMACR protein in urine, and was successful at identifying 

individuals with PCa (Rogers et al., 2004).  Attempts to detect AMACR in serum 
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however have not been as successful; an indirect assay, utilizing patient derived anti-

AMACR antibodies has shown success at predicting the presence of PCa among 

individuals with a normal PSA level (Sreekumar et al., 2004).  However, a separate study 

has cast doubt on AMACR’s diagnostic potential, indicating that it may not be adequately 

specific for PCa since it was also detectable in the peripheral blood of BPH patients 

(Cardillo et al., 2005). 

Glutathione S-transferase P1  

Glutathione S-transferases (GSTs) are part of a large family of protective enzymes 

that function in a diverse range of detoxifying processes.  GSTs utilize reduced 

glutathione (GSH) to catalyze the reduction of highly reactive substrates, such as free 

radicals and aldehydes, before they have a chance to oxidize nucleic acids or proteins 

within a cell (Lee et al., 1994; Hayes and Pulford, 1995).  GSTs are typically up-

regulated when a cell is actively seeking protection from oxidative damage.  Their 

presence indicates that a cell is actively trying to protect its genetic integrity, a repair 

process that many cancers lack (Hayes and Pulford, 1995).   

An important member of the GST family of enzymes is Glutathione S-transferase 

π-1 (GSTP1).  GSTP1 has been the subject of extensive study whereby it has shown 

promise as a tissue marker for PCa (Jerónimo et al., 2001; 2002).  Normally, and in cases 

of BPH, the genomic region containing GSTP1 is hypo-methylated (i.e. minimally 

methylated), hence the reason for GSTP1’s abundance within the cell.  During the 

development of PCa, GSTP1 can become hyper-methylated, leading to loss of expression 

(Lee et al., 1994; Harden et al., 2003).  GSTP1, while not a gatekeeper to PCa, has been 
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recognized as a caretaker gene whose loss is characteristic in many instances of the 

disease (Nelson et al., 2003).   

Several groups have independently confirmed that hypermethylation of GSTP1 

can distinguish PCa from BPH (Jeronimo et al., 2001; Cairns et al., 2001; Lin et al., 

2001; Chu et al., 2002).  GSTP1 hypermethylation has also been observed in some 

prostatic intraepithelial neoplasias, i.e. precancerous lesions within the prostate (Brooks 

et al., 1998).  Hypermethylation of GSTP1 has even been observed from circulating 

tumour cells present in serum, plasma and urine (Wu et al., 2011).  In 2004, Gonzalgo et 

al. proposed using measurements of GSTP1 methylation as a means to monitor PCa post 

treatment. 

Chromogranin-A  

Chromogranin-A (CgA) is a protein of the granin family, and it is also a 

recognized neuroendocrine marker (Wu et al., 2000).  Furthermore, CgA is a secretory 

protein encoded by the CHGA gene (Berruti et al., 2005).  Taking advantage of its 

secretory nature, CgA was evaluated as a serum marker for PCas of neuro-endocrine 

origin, and CgA showed potential as both a prognostic and diagnostic marker (Deftos, 

1998).  CgA has also shown promise as a prognostic marker for various other types of 

non neuro-endocrine cancer (Wu et al., 2000).  In addition, CgA has shown potential for 

evaluating the success of treatment and predicting the outcome of non neuro-endocrine 

PCas (Berruti et al., 2000; Berruti et al., 2005; Cabrespine et al., 2006).   

In spite of these studies, there are still limitations to CgA’s use as a biomarker for 

PCa: a) most PCa’s are not of neuro-endocrine origin, where CgA has shown the most 
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success; b) CgA is not yet able to detect prostate PCa at a sufficiently early stage; and c) 

serum CgA on its own has difficulty discriminating PCa from BPH (Berruti et al., 2000; 

Ferrero-Pous et al., 2001; Fracalanza et al., 2005). 

Prostate Specific Membrane Antigen  

PSMA is a cell surface membrane glycoprotein that was originally discovered on 

the surface of prostate cells and in the serum of PCa patients (Horoszewicz et al., 1987).  

The gene for PSMA was subsequently cloned in 1993 (Israeli et al., 1993).  Shortly 

afterwards, several studies were published evaluating PSMA as either a diagnostic or 

prognostic marker for PCa (Xiao et al., 2001; Beckett et al., 1999; Murphy et al., 1998).  

Mixed results were observed within these studies (Bradford et al., 2006).  However, one 

promising study seemed to indicate that PSMA might be useful for differentiating PCa 

from BPH (Xiao et al., 2001).  

In addition to PSMA’s potential for diagnosing and prognosing PCa, PSMA has 

also been used to radiologically image PCa.  This is done with the injection of pre-labeled 

anti-PSMA antibodies that bind to the surface of prostate cells.  Thanks to the radiolabel, 

Computed Tomography (CT) scanning is better able to identify metastases within a 

patient (Lopes et al., 1990).  This particular use for PSMA became commonplace when, 

in 1997, the FDA approved Cytogen’s ProstaScint™ radiologic imaging test 

(http://theprostatenet.org/wnew9709.html).  Treatment via this avenue is also theorized to 

be possible (Gong et al., 2000). 
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Sarcosine 

Sarcosine is the N-methyl analog of glycine, and it is commonly found in muscle 

as well as other bodily tissues (Tsai et al., 2004).  Sarcosine was proposed to stimulate 

the malignant growth of prostate cells, and furthermore, its presence in urine might be an 

indicator of PCa (Sreekumar et al., 2009).  In their study, Sreekumar et al. assayed 

sarcosine in urine, blood, and tissues, and were successfully able to distinguish between 

normal prostate, localized PCa, and metastatic PCa.  In addition, they found that levels of 

sarcosine were much higher in invasive PCa cell lines than in healthy prostatic epithelial 

cells.  Furthermore Sreekumar et al. were able to mitigate the invasive phenotype of some 

PCa cells by silencing glycine-N-methyltransferase expression - the enzyme responsible 

for catalyzing sarcosine’s production from glycine (Sreekumar et al., 2009).  These 

results have been widely interpreted to suggest that sarcosine might be a vital metabolic 

intermediary that promotes the aggressive phenotype of PCa cells (Couzin, 2009). 

Caveolin-1 

Caveolin-1 (Cav-1) is an integral membrane protein that consists of two isoforms, 

caveolin-1α and caveolin-1β, both of which can be predominantly found in caveolae 

membranes (Razani et al., 2000).  Via its presence in lipids rafts, Cav-1 has been shown 

to support the regulation of several different signaling pathways, including acting as a 

negative regulator in various mitogenic processes (Okamoto et al., 1998), and even as an 

inducer of certain oncogenic processes (Tirado et al., 2010).  Accordingly, Cav-1 is 

supposedly involved in the carcinogenesis of some cancers, and it has even been 

associated with one-third of invasive breast cancers (Liedtke et al., 2007).  Interestingly, 
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Cav-1 is proposed to function as a tumour suppressor during the early stages of 

carcinogenesis, only to later become up-regulated in support of metastasis and multi-drug 

resistance (Shatz et al., 2008).  Furthermore, Cav-1 was found to be over-expressed in 

some PCa cell lines and is thought to be associated with the progression of PCa (Tahir et 

al., 2001; Yang et al., 1998).  Consequently, secretions of Cav-1 were found to promote 

survival and angiogenesis in PCa (Yang et al., 2007; Barresi et al., 2008; Tahir et al., 

2008). 

Prostate Cancer Gene-3  

The prostate cancer gene-3 (PCA3) is known to encode a prostate-specific mRNA 

that is abundant in PCa tissue (Bussemakers et al., 1999; de Kok et al., 2002).  

Quantitative analysis of PCA3 mRNA in urine (where prostate cells can be shed) 

provides an indication of the aggressiveness of a PCa (Kirby et al., 2009).  Furthermore, 

PCA3 has been shown to predict the outcome of prostate biopsy, minimizing the need for 

repeat surgeries (Haese et al., 2008; Chun et al., 2009).  Consequently, many studies have 

reported on the effectiveness of PCA3 as a biomarker for the diagnosis, staging and 

grading of PCa (Phé et al., 2008; Kirby et al., 2009; Chun et al., 2009).  

PCA3 is reportedly superior to PSA in terms of specificity although on its own 

PCA3 is not as sensitive as PSA for PCa (Haese et al., 2008; Chun et al., 2009).  

However by combining both urinary alpha-methylacyl-CoA racemase (AMACR) and 

PCA3 into a single tool, researchers were able to demonstrate an improved sensitivity as 

well as an improved overall diagnostic accuracy versus PCA3 alone (Ouyang et al., 

2009).   
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Another study has even reported that there are additional forms of PCA3 mRNA 

(isoforms) that can help distinguish PCa from BPH (Clarke et al., 2009).  Helping to 

discriminate PCa from BPH was one of the uses of PCA3 that was approved by the FDA 

in the form of Gen-Probe’s Progensa PCA3 urine test on February 15 2012.  The test is 

designed to reduce unnecessary biopsies by helping men to decide whether they should 

undergo a repeat biopsy when their first biopsy is negative but they are still suspected of 

harbouring PCa (http://www.multivu.com/mnr/53530-gen-probe-progensa-pca3-prostate-

cancer-psa). 

Exosome-Based Markers 

Exosomes are membrane bound vesicles, usually between 30 and 90nm in 

diameter, which can be secreted by normal and neoplastic cells (Keller et al., 2006).  

Exosomes typically serve as an adjunct in cell-to-cell communication, and they do so by 

transporting both mRNAs and miRNAs (termed exosomal shuttle RNA or esRNA), as 

well as functioning proteins (Valadi et al., 2007).   

Tumours may take advantage of this particular method of cellular communication 

to modulate the body’s anti-tumour immune response (Clayton, 2012; Zhang et al., 

2012a).  By shedding exosomes that contain particular microRNAs into circulation, a 

tumour can disrupt a specified gene’s expression, irrespective of where the targeted 

leukocyte is located (Stoorvogel, 2012; Zhang et al., 2012b).   As a consequence of their 

secretory nature, exosomes have been observed in urine (Knepper and Pisitkun, 2007).  

Urinary exosomes, while initially scoured for biomarkers of renal disease (Miranda et al., 

2010), have also shown promise as a source of non-invasive biomarkers for PCa (Nilsson 
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et al., 2009).  Two PCa markers, PCA3 and the TMPRSS2-ERG fusion, have reportedly 

been found among urinary exosomes collected from individuals with PCa (Nilsson et al., 

2009; Mitchell et al., 2009).  And although exosomes, like other urinary analytes, tend to 

vary in concentration, their presence is still considered to be useful for identifying non-

invasive markers for PCa (Madu and Lu, 2010). 

Disabled homolog-2 Interacting Protein 

Disabled homolog-2 interacting protein (DAB2IP) is a proposed tumour 

suppressor protein, whose gene is located on chromosome 9 between regions q33.1 and 

q33.3 (Chen et al., 2002).  DAB2IP is often found to be down-regulated in PCa cell lines 

(Wang et al., 2002).  Down-regulation of DAB2IP is predicted to occur as a consequence 

of altered epigenetic regulation such as hyper-methylation and/or histone modification 

(Chen et al., 2005b).  Silencing of DAB2IP is also theorized to promote the proliferation 

of PCa cells (Chen et al., 2003). 

Transmembrane Protease Serine 2 – Erythroblastosis Related Gene Fusion 

Transmembrane serine protease (TMPRSS2) is under androgenic regulatory 

control.  The erythroblastosis relates gene (ERG) on the other hand is an oncogenic 

transcription factor, related to the avian erythroblastosis-virus family of transcription 

factors (Bradford et al., 2006). ERG expression was noticeably up-regulated in many 

instances of PCa.  Upon further inspection, instances of ERG protein over-abundance 

were typically associated with a unique fusion of ERG mRNA to a regulatory region of 

TMPRSS2.  These findings were in agreement with their observation that ERG (in these 

instances) was unusually responsive to androgen (Tomlins et al., 2005).  Following 
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Tomlin et al.’s groundbreaking work, other groups noticed that such fusions were 

prevalent in PCas, occurring in some 40-80% of patients (Hermans et al., 2006; Clark et 

al., 2007).  When evaluated, TMPRSS2-ERG observed strong specificity for PCa but at 

the cost of not being as sensitive as serum PSA (Bories et al., 2013). 

Spondin-2  

Spondin-2 is a secretory protein that can bind to integrin (Li et al., 2009).  

Initially observed as deregulated in some lung cancers (Manda et al., 1999), new 

evidence suggests SPON2 might also be deregulated in PCa (Qian et al., 2012).  In their 

study, Qian et al. used elevated levels of tissue and serum SPON2 to predict the result of 

prostate biopsy among elderly Chinese men with biopsy-confirmed PCa; controls 

however were diagnosed free and clear of PCa only via DRE and ultrasound. 
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Aim of this Study 
 

The primary aim of this study was to identify PCa-specific nucleic acid and/or 

proteomic signatures using urine as a sample source.  Such signatures might eventually 

form the basis for a non-invasive screening test for PCa, one that might even help to 

differentiate suspected cases of PCa from BPH.  More specific objectives of this study 

included:   

Ø Firstly, to qualitatively and quantitatively evaluate the proteins found in urine 

samples collected from patients with PCa or BPH as well as healthy control 

individuals.  

Ø Secondly, to qualitatively and quantitatively evaluate the nucleic acids (DNA & 

RNA) found in urine samples collected from patients with PCa or BPH as well as 

healthy control individuals. 

Ø Thirdly, to quantitatively examine miRNA found in urine samples collected from 

patients with PCa or BPH as well as healthy control individuals.  
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Materials and Methods 

Urine Collection 

After approval from the Research Ethics Board at Brock University (St. 

Catharines, ON, Canada), urine samples were collected from 29 Egyptian males present 

at Alexandria University’s General Hospital (Alexandria, Egypt).  The samples were 

acquired from among three groups of individuals, each described by a questionnaire 

completed by the patients’ attending physician (Appendix A).  Group I urine samples 

were collected from eight individuals diagnosed with Prostate Cancer (PCa).  Group II 

urine samples were collected from twelve individuals with Benign Prostatic Hyperplasia 

(BPH).  Urine samples from Group III were collected from ten healthy males (Table 5).   

Urine samples collected from men with other ailments, including Diabetes 

mellitus, kidney disease, and/or infections such as chronic HBV, HBV/HCV co-infection 

or Schistosomiasis, were excluded from participation.  Each man included in the study 

was also given a PSA test as part of sample collection.  Furthermore, urine samples were 

collected from the same patients two years from their initial participation in the study; a 

PSA test was also performed for this second collection. 

Urine samples were collected into 50mL Corning tubes containing Norgen’s 

Urine Preservative Solution (Cat# 18126) (Norgen Biotek, Thorold, ON, Canada).  Urine 

samples were collected mid-stream in order to minimize first flow contamination (Franz 

and Hörl, 1999; Morimoto et al., 2003).  
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Table 5 Clinical parameters regarding the males involved with this study 
 

  Healthy 
Males Prostate Cancer Patients Benign Prostatic Hyperplasia 

Patients 
Number of males 10 8 12 

PSA Level 
(ng/mL) (0.8 ± 0.6) (7.9 ± 3.0) (4.9 ± 1.4) 

HCV or HBV 
Status -Ve -Ve -Ve 

Diabetes mellitus -Ve -Ve -Ve 
Schistosomiasis -Ve -Ve -Ve 
Kidney diseases -Ve -Ve -Ve 

Sex Male Male Male 

 

Isolation of Total Urinary Proteins from the Prostate Cancer, Benign 

Prostatic Hyperplasia and Healthy Control Groups  

Total proteins were isolated from urine using the Urine Protein Concentration 

Micro Kit (Cat# 17400) (Norgen Biotek, Thorold, ON, Canada).  Total protein was 

isolated according to the manufacturer’s recommendations.  Briefly, 1mL from each urine 

sample was adjusted to pH 3.5 using the provided pH Binding Buffer.  All spin columns 

were activated by washing twice with 500µL of Column Activation and Wash Buffer and 

being spun at 3,300 x g for 2 minutes.   

The pH-adjusted urine samples were then loaded onto the spin columns and 

centrifuged for 2 minutes at 3,300 x g.  Spin columns were then washed twice with 

500µL of Column Activation and Wash Buffer by further spinning for 2 minutes, again at 

3,300 x g.  Total urinary proteins were eluted in 100µL of the provided Elution buffer, 

again by centrifuging for 2 minutes at 3,300 x g.  As part of the elution, proteins were 
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concurrently neutralized with 9.3µL of the provided Neutralizer solution.  Concentrated 

urinary proteins were then stored at -20°C until further analysis. 

Isolation of Total Urinary DNA from the Prostate Cancer, Benign Prostatic 

Hyperplasia and Healthy Control Groups  

Total urinary DNA was isolated using the Urine DNA Isolation Kit (Slurry 

Format) (Cat# 48800) (Norgen Biotek, Thorold, ON, Canada).  The isolation was 

performed using a modified protocol from the manufacturer’s instructions.  Briefly, 

200µL of Solution A was added to 2mL of each urine sample.  The samples were then 

mixed by vortexing for 10 seconds followed by centrifugation for 2 minutes at 270 x g.  

The supernatants were then carefully discarded to prevent loss of the slurry-based pellets.   

Twenty µL of pronase and twenty µL of proteinase-K were then added to each 

pellet and incubated at 60°C for 15 minutes.  Next, 500µL of Solution B was added to the 

digested, slurry-based pellets.  The mixtures were then vortexed for 10 seconds followed 

by the addition of 500µL of 95% ethanol.  The mixtures were again vortexed for 10 

seconds, followed by the transfer of 650µL of the vortexed mixtures to the provided 

Mini-Filter Spin columns.  The Mini-Filter Spin columns were then centrifuged for 1 

minute at 13,000 x g and the flow-through discarded before re-assembling the spin 

columns and their associated collection tubes.  The remaining 650µL was again vortexed 

and transferred to the same Mini-Filter Spin columns as before, again followed by 

centrifugation and discarding of the flow-through.  
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The Mini-filter Spin columns were washed three times with 400µL of Wash 

Solution by centrifuging for 1 minute at 13,000 x g.  The Mini-Filter Spin columns were 

then spun empty for 2 minutes at 13,000 x g to thoroughly dry the resin.  The collection 

tubes were then discarded and the Mini-Filter Spin columns were transferred to fresh 

1.7mL Elution tubes.  Total DNA was then eluted by applying 100µL of Elution Buffer 

to the columns and centrifuging for 2 minutes at 270 x g, followed by 2 minutes at 13,000 

x g.  The Mini-Filter spin columns were then placed inside new 1.7mL Elution tubes and 

any remaining DNA still on the resin was eluted by applying another 100µL of Elution 

Buffer to the same column and centrifuging for an additional 2 minutes, again at 13,000 x 

g.  First and second elutions were then stored at -20°C until further analysis.    

Isolation of Total Urinary RNA from the Prostate Cancer, Benign Prostatic 

Hyperplasia and Healthy Control Groups 

Total RNA was isolated from 2.5mL of each urine sample using the Urine Total 

RNA Purification Maxi Kit (Slurry Format) (Cat# 29600) (Norgen Biotek, Thorold, ON, 

Canada).  The isolation was performed according to the manufacturer’s instructions. Two 

and a half milliliters of RNA Lysis Solution was added to 2.5mL of each urine sample, 

followed by vortexing for 15 seconds.  The lysates were then mixed with 2.5mL of 95% 

ethanol and the mixtures were again vortexed for 15 seconds.  The mixtures were then 

centrifuged for 5 minutes at 270 x g and the supernatants carefully discarded, leaving 

only slurry-based pellets.  To the pellets was added 500µL of RNA Wash Solution, 

before being homogenized with gentle pipetting. 
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The mixtures were finally transferred to Mini-Filter spin columns and centrifuged 

for 1 minute at 13,000 x g.  The flow-through from this transfer step was discarded and 

the Mini-Filter Spin columns were re-assembled with waste collection tubes.  The pellets 

were then washed twice by applying 500µL of RNA Wash Solution and centrifuging for 

1 minute at 13,000 x g.  The Mini-Filter Spin Columns were given a third and final wash 

by applying 500µL of 95% ethanol and centrifuging them at 13,000 x g for 1 minute.  

The Mini-Filter spin columns were then spun for 3 minutes at 13,000 x g to thoroughly 

dry the resin.  The waste collection tubes were then discarded and the Mini-Filter spin 

columns incubated horizontally with lids open at 60°C for 3 minutes.  Total RNA was 

then eluted from the dried pellets by applying 100µL of RNA Elution Solution and 

centrifuging for 2 minutes at 270 x g, followed by an additional 3 minutes at 13,000 x g.  

Elutions were then stored at –70°C until further analysis.    

Characterization of Purified RNA 

The pooled RNA samples were analyzed quantitatively using the Agilent RNA 

6000 Kit and an Agilent 2100 Bio-Analyzer (Model: G2938B, Agilent Technologies Inc., 

Mississauga, ON, Canada), according to the manufacturer’s directions. 

Expression Profiling of Pooled Urinary MicroRNAs by MicroArray 

MicroRNA expression profiling was performed on pooled samples using LC 

Sciences patented microarray technology.  The assay used between 4 and 8µg of total 

RNA, which was then fractionated according to size using a YM-100 Microcon 

centrifugal filter (Millipore).  The shorter RNA species (< 300 nt) were then lengthened 

from the 3’ end using poly(A)-polymerase.  Afterwards, an oligonucleotide tag was 
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ligated to the poly(A) tail for future fluorescent visualization, a unique tag was applied to 

each sample.  Hybridization was then performed overnight on a µParaflo microfluidic 

chip and using a mini-circulation pump (Atactic Technologies) (Gao et al., 2004; Zhu et 

al., 2007).   

On the microfluidic chip, every well contained a unique detection probe.  

Detection probes were short chains of polyethylene glycol followed by stretches of 

chemically modified nucleotides, whose sequences were each designed to complement a 

particular microRNA.  There were 894 unique, human microRNA-based probes (based 

on miRBase-v14) and 50 control probes that were represented on the chip.  Detection 

probes were assembled by in situ synthesis, using PGR (photo-generated reagent) 

chemistry.  Hybridization was done at 34°C, in 100µL of 6xSSPE buffer (0.90M NaCl, 

60mM Na2HPO4, 6mM EDTA, pH 6.8) and containing 25% formamide.  After the 

prepared RNA was hybridized to the chip, fluorescent tags containing Cy3 dye were 

circulated, binding only to RNA that had been pre-labeled with a corresponding tag 

during preparation.   

Fluorescence images were then collected using a laser scanner (GenePix 4000B, 

Molecular Device) and the signal digitized using Array-Pro image analysis software 

(Media Cybernetics).  Background signal was subtracted and the data normalized using 

the LOWESS method (Locally-weighted Regression) (Bolstad et. al., 2003).  ANOVA 

was then used to identify differentially expressed miRNAs between the three groups.  

Only p-values below 0.01 were considered significant.                       
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Profiling of Pooled Urinary Proteins by LC-MS/MS 

Before analysis, pooled protein samples were first digested in 25mM ammonium 

bicarbonate, using 0.1µg of trypsin in a total volume of 50µL.  After an overnight 

incubation at 37°C, the peptide solution was then lyophilized by SpeedVac centrifugation 

and subsequently re-suspended in 20µL of 0.1%TFA (Tri-Fluoro Acetic Acid).  The 

LC/MS-MS experiment was performed at Sick-Kids Hospital (Proteomics Facility, 

Toronto, ON, Canada) using an on-line LC-MS/MS setup that employed an Agilent 1100 

capillary liquid chromatography system (Palo Alto, CA, USA) that was fitted to an LTQ 

ion trap mass spectrometer (Thermo Electron, San Jose, CA, USA).  A Carbon-18 pre-

column (150µm i.d. x 5.0cm length) and a µLC analytical column (75µm x 10cm), which 

also served as a µESI emitter, were used for the separation of the digested proteins.   

The samples were first injected into the pre-column for de-salting and then eluted 

into the analytical column for further separation.  For the reverse-phase chromatography 

(C-18 column), a 60 minute gradient elution from water to acetonitrile, and always 

containing 0.1% TFA, was performed at a flow rate of 0.2~0.3µL/min.  The mass 

spectrometer was set to data-dependent mode, which automatically cycled through the 

acquisition of full-scan mass spectrums.  Six further spectra were then sequentially 

recorded on the six most abundant ions present upon the initial scan.  A dynamic 

exclusion time of 90 seconds was used throughout.   

The LC-MS/MS data were initially obtained in *.RAW format, which were then 

converted into mzXML, basically a list of mass peaks.  The lists were then used as input 

in a search of the human NCBI-NR database using the GPM XE (www.thegpm.org) 
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search tool.  Search results were then assessed in Scaffold (www.proteomesoftware.com).  

Acquired MS/MS data was also compared against three other databases: NCBI’s non-

redundant database, SwissProt and the MDSB database, all using the Mascot search tool 

(Matrix Science, London, UK). 

Synthetic Oligonucleotides 

All synthetic oligonucleotides (or PCR primers) were purchased from Integrated 

DNA Technologies (IDT).  According to its scale, each was diluted to 50µM in nuclease 

free water (Qiagen, Cat. #129115).  Diluted stock solutions were aliquoted into smaller 

volumes to avoid repeated freeze/thawing and were stored at -70°C for long-term storage 

or at -20°C for short-term use (Table 6). 
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Table 6 Synthetic oligonucleotides used in this study 
 

Name Sequence 
5S rRNA (Forward) 5'GCCATACCACCCTGAACG3' 
5S rRNA (Reverse) 5'AGCCTACAGCACCCGGTATT3' 

SL-miR-486-5p 5'GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACG
ACCTCGG3' 

miR-486-5p (Forward) 5'TCCTGTACTGAGCTGCC3' 

SL-miR-1825 5'GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACG
ACGGAGA3' 

miR-1825 (Forward) 5'TCCAGTGCCCTCCTCT3' 

SL-miR-484 5'GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACG
ACATCGG3' 

miR-484 (Forward) 5'TCAGGCTCAGTCCCCTC3' 

SL-miR-1238 5'GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACG
ACGGGGC3' 

miR-1238 (Forward) 5'CTTCCTCGTCTGTCT3' 

SL-miR-1913 5'GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACG
ACTGGCA3' 

miR-1913 (Forward) 5'TCTGCCCCCTCCGCTGC3' 

SL-miR-1234 5'GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACG
ACGTGGG3' 

miR-1234 (Forward) 5'TCGGCCTGACCACCCAC3' 

SL-miR-498 5'GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACG
ACGAAAA3' 

miR-498 (Forward) 5'TTTCAAGCCAGGGGGCGT3' 
SL-miRNA (Reverse) 5'GTGCAGGGTCCGAGGT3' 
Cadherin 1 (Forward) 5' AAGAAGCTGGCTGACATGTACGGA3' 
Cadherin 1 (Reverse) 5' CCACCAGCAACGTGATTTCTGCAT3' 
Fibronectin (Forward) 5' AAACTTGCATCTGGAGGCAAACCC 3' 
Fibronectin (Reverse) 5' AGCTCTGATCAGCATGGACCACTT 3' 

TP53INP2 (F) 5' AGGCCCTGAAATCTGAAGGGCTTA 3' 
TP53INP2 (R) 5' AGTTCTAGCACCTTGGGCTTGTGA 3' 

 

Reverse Transcription 

Three microliters of isolated RNA from each sample was mixed with 0.5µL of 

stem-loop, miRNA-specific reverse primer or 5S rRNA (ribosomal RNA) reverse primer 

(Table 6).  The reaction was then completed to 10µL with RNase-free water.  This 

solution was first heated to 70ºC for 5 minutes to denature RNA secondary structure, and 

was then held at 4ºC to promote annealing.  During the hold, a Reverse Transcription 
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master-mix containing: 4µL 5X First Strand Buffer (250mM Tris-HCl [pH 8.3], 375mM 

KCl, 15mM MgCl2), 2µL 0.1M Dithiothreitol (DTT), 1µL 10mM deoxyribonucleotides 

(dNTPs), 0.5µL Superscript III reverse transcriptase (Invitrogen) and 2.5µL of RNase-

free water; was added to yield a final reaction volume of 20µL.  Complementary DNA 

(cDNA) was then polymerized by sequentially incubating for 5 minutes at 25ºC, for 30 

minutes at 50ºC, and for 15 minutes at 70ºC.  The reaction was then held at 4ºC until its 

subsequent use in PCR and then kept at -20ºC for long-term storage.   

Real-Time Quantitative PCR 

Polymerase chain reaction (PCR) was performed according to the protocol 

outlined by the polymerase manufacturer (Bio-Rad).  All primers (Table 6) were designed 

with the aid of Primer3 software (http://frodo.wi.mit.edu/). All PCR reactions were 

carried out on an iCycler Real-Time PCR machine equipped with SYBR-green excitation 

and emission filters from Bio-Rad.  

The stem-loop real-time PCR method (Chen et al., 2005a) was used to evaluate 

the expression levels of the following microRNAs: miR-1234, miR-1238, miR-1825, 

miR-1913, miR483-5p, miR-484, miR-486-5p and miR-498.  The real-time PCR 

reaction-mix contained 3µL of miRNA cDNA template (prepared during reverse 

transcription), 10µL of 2x SYBR GREEN Super-Mix (Bio-Rad), 0.12µL of each primer 

(50µM), and 6.76µL of RNAse-free water for a final reaction volume of 20µL.  One 

universal, stem-loop-specific primer was used as a reverse primer for each microRNA 

that was assayed.   
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An initial 15-minute incubation at 95ºC was required to activate the hot-start 

polymerase. Following hot-start, the cycling conditions were as follows: 95ºC for 15 

seconds, 60ºC for 30 seconds, 72ºC for 45 seconds - cycling was repeated 60 times.  The 

reaction was then heated to 95ºC for 1 minute and cooled to 4ºC for another minute 

before a melt curve assessment was performed.  Melt curves were assessed by 

incrementally increasing the temperature, 0.5 ºC at a time for 10 seconds, until 95ºC was 

reached after which point the completed reaction was held at 4ºC.  Reactions were then 

stored at -20ºC. 

Western Blotting 

Western blot was performed to confirm the presence of Fibronectin and Cadherin-

1 (or other proteins) among proteins that were purified from urine samples.  Briefly, 

urinary proteins were separated on 12% SDS-PAGE gels and then transferred onto 

polyvinylidene difluoride (PVDF) membranes (Fisher Scientific, Cat# PI88518).  

Membranes were initially soaked in methanol and then in 1X Blotting Buffer (25 mM 

Tris, 192 mM glycine, 10% methanol).  Before blotting onto PVDF the SDS gels 

(containing the separated urinary proteins) were soaked for 10 minutes in 1X Blotting 

Buffer.  Proteins were transferred by wet blotting overnight at 100 mA / 100V.  PVDF 

membranes were then blocked for 1 hour using 5% milk powder in TBST (50mM Tris-

Cl, pH7.5, 150mM NaCl, 0.05% Tween-20).   

After blocking, membranes were incubated for 2 hours in the presence of 

Monoclonal Anti-Human Fibronectin Antibody (Clone FN12-8; or other mAbs against 

other proteins; Clontech, Cat# M002) (1:1000 dilution in 0.5% milk powder in 1X 
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TBST).  After washing with 1X TBST, PVDF membranes were incubated for 1 hour in 

the presence of a 1/20,000 dilution of secondary antibody, an Anti-Mouse IgG produced 

in goat and conjugated to an enzyme containing peroxidase activity (Sigma-Aldrich, Cat# 

A9917).  Membranes were then washed three times before development with the 

chromogenic Metal Enhanced DAB Detection Kit (Fisher Scientific, Cat# PI-34065). 

Restore Plus Stripping reagent (Fisher Scientific, Cat# PI46430) was then used, 

according to the manufacturer’s instructions, to strip the hybridized antibodies off the 

target Ag bound to the membranes.  After stripping, PVDF membranes were blocked and 

re-hybridized with other Monoclonal Anti-Human Cadherin-1 antibody (Clone HECD-1) 

(Clontech, Cat# M106) and processed similarly. 

Agarose Gel Electrophoresis 

Agarose gel electrophoresis was performed according to a standard procedure 

(Sambrook et al., 1989).  After running these gels for specific period of time, gels were 

visualized under ultraviolet light and imaged with an AlphaImager 2200 (ProteinSimple).  

Polyacrylamide Gel Electrophoresis 

Proteins were visualized by SDS-Polyacrylamide gel electrophoresis (SDS-

PAGE).  An acrylamide concentration of 15% (w/v) with a 30:1 ratio of acrylamide to 

BIS was used (Sambrook et al., 1989).  Protein samples were denatured prior to 

separation by heating in protein loading dye (125mM Tris-HCl pH 6.8, 10% 2-mercapto-

ethanol, 10% SDS, 10% glycerol and bromophenol blue) for 5 minutes at 95ºC.  Samples 

were cooled to 4ºC before loading onto gels.   
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Standard Tris-glycine (25 mM Tris, 25 mM glycine [pH=8.3] and 0.1% SDS) 

buffer was used.  Gels were run in constant voltage mode at 15V/cm for two hours.  Gels 

were then stained with a Coomassie Brilliant Blue R-250 solution (0.25g in 45:45:10 

v/v/v methanol: water: glacial acetic acid) for 2 hours.  Gels were then de-stained in 

45:45:10 v/v/v methanol: water: glacial acetic acid overnight and an image acquired the 

next day. 

Determining Urinary Protein Concentrations 

To assess total urinary protein concentration, the Bio-Rad protein assay was 

performed (Bradford, 1976).  Absorbance readings were taken at 595nm in a Bio-Chrom 

2100-Pro spectrophotometer.  A standard curve was generated using varying 

concentrations of bovine serum albumin (BSA) (NEB, Pickering, ON, Canada).  The 

concentrations of protein per volume of urine were then determined using the standard 

curve and dilution factors. 

Determining Urinary Low-Molecular Weight DNA Concentrations 

Concentrations of low molecular weight urinary nucleic acids were determined by 

gel densitometry using Norgen’s FastRunner, a quantitative DNA molecular weight 

ladder (Cat# 12800) as a standard.  A standard curve was constructed using the pixel 

density of DNA ladder fragments of known concentration and molecular weight (Figure 

3).  The amount of DNA in each 10µL of FastRunner was 500ng spread across 8 

fragments.  Ten microliters of FastRunner was loaded in each 1.2% agarose TAE (Tris-

Acetate-EDTA) gel.  Gels were prepared with the addition of 10µL of Ethidium Bromide 

(10mg/mL EtBr stock) per 100mL.  Bands were visualized on an AlphaImager™ 2200 
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from Alpha Innotech, and low molecular DNA concentrations were estimated using the 

provided densitometer program (AlphaEaseFC). 

                         

       

Figure 3 Standard curve from “FastRunner” DNA Molecular Weight Ladder. 
(A- Norgen’s FastRunner DNA ladder was used for the quantification of low molecular weight nucleic 
acids among isolated urinary DNA (Catalogue #12800, Application Note #8). B- The standard curve was 
produced by plotting the mass (ng) of each fragment in the DNA ladder against its corresponding pixel 
density. ) 
  

Mathematical Analyses 

All statistical analyses were either performed in GraphPad Prism 5 (GraphPad 

Software, San Diego, CA) or Excel (Microsoft Corp., USA).  An independent two-tailed 

student’s t-test was used to evaluate differences in low molecular weight DNA, or total 

protein content among the groups.  Any p-value of less than 0.05 was considered a 

significant difference.  ANOVA was performed to identify differentially expressed 

miRNAs between the three groups, and any p-value of less than 0.01 was considered 

significant.  Relationships between two variables (such as PSA and uaNA levels) were 

evaluated using Pearson correlation coefficients and R2 values from a linear regression.  

B A 

Y = 0.1281x + 17.022 
R2 = 0.9786  
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Relative gene expression was expressed as the LOG2 of fold change.  Fold changes were 

calculated using the ΔΔCt method (Livak and Schmittgen, 2001). 

Sensitivities and specificities were calculated according to the following formulas 

(in which a = # of true-positives, b = # of false-positives, c = # of false-negatives, and d = 

# of true-negatives) (Sox et al., 1988). 

Ø Sensitivity = a/(a + c) 

Ø Specificity = d/(b + d) 
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Results 

DNA-Based Prostate Cancer Biomarker Approach 

Isolation of Urinary DNA from Urine Samples Collected from Prostate 

Cancer, Benign Prostatic Hyperplasia and Healthy Control Groups 

Urine was collected from eight PCa patients, twelve BPH patients and ten healthy 

control individuals.  For the majority of patients in the PCa and BPH groups, both high-

molecular weight DNA (gDNA) and low-molecular weight DNA (~150-200bp) were 

visible upon electrophoresis using 2% agarose gels (Figures 4).  Conversely, in all but 

one of the healthy samples, low-molecular weight DNA was barely visible (Figure 4).  

According to published reports (Wyllie et al., 1980; Halicka et al., 2000), it is likely that 

these low-molecular weight bands were hybrids of RNA and DNA, a result of apoptosis.  

These bands were therefore designated as urinary apoptotic nucleic acids (uaNAs) 

throughout the duration of the project.  Subsequently, and by using agarose gel 

electrophoresis, the levels of uaNAs were quantified by densitometry and presented as 

histograms (Figure 5).  Next, the mean concentration of uaNAs was calculated for each 

group and presented in a histogram (Figure 6).  The average concentration of uaNAs in 

the PCa group was found to be 176.9ng/mL urine; this was significantly higher than the 

control group (54.6ng/mL).  The BPH group also had a higher mean (105.3ng/mL) than 

the control group and a lower mean than the PCa group, however it was non-significantly 

different to either. 
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Since the level of Prostate Specific Antigen (PSA) for each of the PCa and BPH 

patients was measured at the time of sample collection, it was decided to evaluate 

whether a correlation existed between uaNA levels and PSA for these individuals.  In 

general and as can be seen in Figure 7, neither the PCa samples (r2 = 0.3672, Pearson 

= -0.60599) nor the BPH samples (r2= 0.0794, Pearson = -0.28172) were found to have a 

strong correlation between PSA and levels of uaNAs levels (Figure 7). 
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Figure 4 Urinary DNA isolated from the Healthy Control Group, the Benign Prostatic 
Hyperplasia Group and the Prostate Cancer Group. 
The (L) arrow is pointing at the apoptotic DNA, whereas the (H) arrow is pointing at the gDNA. A) First 
DNA Elution and B) Second DNA Elution. M: Norgen’s FastRunner DNA ladder. 
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Figure 5 Urinary apoptotic nucleic acid levels in the Healthy Control Group, the Benign 
Prostatic Hyperplasia Group and the Prostate Cancer Group. 
 



Taha Haj-Ahmad                                                                                                    Prostate Cancer Biomarker                                                                                                

 85 

 
 

 
 

 
 

 

 

 

 

 

 
Figure 6 Mean levels of urinary apoptotic nucleic acids in the Healthy Control Group, 
the Benign Prostatic Hyperplasia Group and the Prostate Cancer Group. 
(A Histogram showing the mean level of urinary apoptotic nucleic acids (mean ± SD) from the PCa, BPH 
and control groups. * = Means are significantly different at P < 0.05) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7 Correlation between urinary apoptotic nucleic acids levels and PSA in the 
Benign Prostate Hyperplasia Group and in the Prostate Cancer Group. 
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Isolation of Urinary DNA from Urine Samples Collected after Two Years 

As part of a two-year follow up, urine samples were collected from the same 

patients with either PCa or PBH.  As before, approximately 40mL of urine was collected 

from the eight PCa patients, but only eight of the original twelve BPH patients.  The 

isolated DNA was then separated by gel electrophoresis using 2% agarose gels (Figure 

8).  Once again, the high and low molecular weight nucleic acids were both visible for in 

PCa and BPH samples (Figure 8).  Using gel densitometry, levels of uaNAs were 

quantified and presented as histograms (Figure 9). 

The mean level of uaNAs found in the urine of the PCa and BPH groups after two 

years (second collection), was found to be less than those of the first sampling, although 

this decrease was only significant in the PCa group (Figure 10) and not in the BPH group 

(Figure 11).  Though the mean concentration of uaNAs in the BPH group after two years 

(96.5ng/mL urine) was still higher than the original healthy control group (54.6ng/mL), it 

was not significantly higher (Figure 12).  Despite the mean concentration of uaNAs in the 

PCa group after two years (33.0ng/mL) being lower than the original healthy control 

group mean, it was not significantly lower.  The mean level of uaNAs in the PCa group 

after two years, was however significantly lower than in the BPH group (after two years).  

As with initially collected samples, PSA levels after two years did not show a strong 

correlation to the levels of uaNAs in either the PCa group (R2 = 0.3696, Pearson = 

0.607921) or the BPH group (R2 = 0.0207, Pearson = -0.14386) (Figure 13).  
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Figure 8 Urinary DNA isolated from the Benign Prostatic Hyperplasia Group and the 
Prostate Cancer Group (Second Urine Collection). 
The (L) arrow is pointing at the apoptotic DNA, whereas the (H) arrow is pointing at the gDNA. M: 
Norgen’s FastRunner DNA ladder. 
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Figure 9 Urinary apoptotic nucleic acids levels in the Benign Prostate Hyperplasia 
Group and the Prostate Cancer Group (Second Urine Collection). 
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Figure 10 Mean levels of urinary apoptotic nucleic acids for PCa group over Time. 
(Histogram showing the mean level of urinary apoptotic nucleic acids (mean ± SD) in the PCa group 
(Initial and Second Urine Collections) * = Means are significantly different at P < 0.05)  

 

 

 

 

 
 
 
Figure 11 Mean levels of urinary apoptotic nucleic acids for BPH group over Time. 
(Histogram showing the mean level of urinary apoptotic nucleic acids (mean ± SD) in the BPH group 
(Initial and Second Urine Collections) * = Means are significantly different at P < 0.05) 
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Figure 12 Mean levels of urinary apoptotic nucleic acids in the Benign Prostate 
Hyperplasia Group and the Prostate Cancer Group for Second Urine Collection. 
(Histogram showing the mean level of urinary apoptotic nucleic acids (mean ± SD) in PCa and BPH groups 
(Second Urine Collection) and in the healthy control group (Original Collection).  * = Means are 
significantly different at P < 0.05) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 13 Correlation between urinary apoptotic nucleic acids levels and PSA in the 
Benign Prostate Hyperplasia group and in the Prostate Cancer Group (Second Urine 
Collection). 
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MicroRNA-Based Prostate Cancer Biomarker Approach 

MicroArray-based MicroRNA Expression Profiling in Pooled Samples 

Total RNA was isolated from 2.5mL of each urine sample using the Urine Total 

RNA Purification Maxi Kit (Slurry Format, Cat# 29600; Norgen Biotek, Thorold, ON, 

Canada).   Purified RNA from each sample within a group was then pooled, resulting in 

three samples: PCa, BPH and Healthy Control.  The concentration of RNA in the pooled 

samples was then determined using the Agilent RNA 6000 Kit (Figure 14).  The RNA 

concentrations were: 160ng/mL of urine in pooled PCa, 400ng/mL in BPH and 

240ng/mL in the healthy control group. 

Differential expression analysis of miRNAs between the pooled samples was 

performed using LC Science’s µParaflo™ MiRNA Microarray technology.  To determine 

fold change, the signal intensity of each miRNA (in pooled PCa or BPH) was divided 

against the corresponding miRNA level for the healthy control group and the LOG2 of the 

quotient was then obtained.  

Of the 894 miRNAs assayed, eighteen were found to differ significantly in their 

levels between the three groups (ANOVA p-value < 0.01).  These miRNAs included:  

miR-1826, miR-1234, miR-1238, miR-191*, miR-484, miR-191, miR-451, miR-486-5p, 

miR-1913, miR-625*, miR-1825, miR-92a, miR-92b, miR-483-5p, miR-486-3p, miR-

498, miR-563, miR-940 (Figure 15).  Of these eighteen, all but two (miR-483-5p and 

miR-498) were down-regulated in PCa with respect to the healthy control group (Figure 

16).  Similarly in BPH, miR483-5p and miR-1826 were both found to be up-regulated, 
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and the rest down-regulated with respect to the healthy control group (Figure 17).  From 

the microarray results: each of the eighteen miRNAs except for miR-1826 and miR-498, 

were deregulated in the same direction in both PCa and BPH (when each pool was 

compared to the healthy control pool).  Furthermore, some miRNAs like miR-498 and 

miR-483-5p were deregulated primarily in just one pooled sample or the other (BPH or 

PCa, respectively). 

From these eighteen, only certain miRNAs were selected for further analysis.  

Using both a distinct pattern of pooled microRNA deregulation or literature suggesting 

that a miRNA’s mRNA target was potentially involved in cancer (targets determined 

using TargetScan and MiRanda databases as outlined by Griffiths-Jones et al. in 2006), 

eight of miRNAs were selected for further expression analysis among individual urine 

samples.  The selected miRNAs included miRs: 1234, 1238, 1913, 486-5p, 1825, 484, 

483-5p and 498.  Their putative mRNA targets and the literature proposing each target’s 

potential role in cancer are summarized in Table 7. 
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Figure 14 Analysis of Pooled RNA by Capillary Electrophoresis. 
(Pooled RNA from the PCa, BPH and Healthy Control groups was quantitatively analyzed using an Agilent 
Bioanalyzer 2100. A- Pooled RNA from the Healthy Control group, B- Pooled RNA from BPH group and 
C- Pooled RNA from the PCa group) 
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Figure 15 Expression of Eighteen Significantly Deregulated MiRNAs between Pooled 
PCa, BPH and Healthy by Microarray. 
 
 
  

 

 

 

 

 

 
 
 
 
Figure 16 LOG2 Fold Changes between Pooled PCa and Pooled Healthy for Eighteen 
MicroRNAs. 
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. 
 
 
 
 
 
 
 
 
Figure 17 LOG2 Fold Changes between Pooled BPH and Pooled Healthy for Eighteen 
MicroRNAs. 
 
 
Table 7 Selected microRNAs and their Putative Targets. 
 

MicroRNA Type of Deregulation 
 

Putative Target 
Reference for 

Target’s 
Involvement in 

Disease 

miR-1234 Down in PCa & BPH vs 
Healthy 

DAB2-Interacting-Protein Chen et al., 2002; 
Chen et al., 2003; 
Wang et al., 2002 

miR-1238 Down in PCa & BPH vs 
Healthy 

SASH1 (SAM & SH3 
domain containing protein 

1) 
Zeller et al., 2003 

miR-1913 Down in PCa vs BPH vs 
Healthy 

HSPG2 (heparan sulphate 
proteoglycan 2) Nerlich et al., 1997 

miR-486-5p Down in PCa vs BPH vs 
Healthy 

CD40 (tumour necrosis 
factor receptor) Palmer et al., 2004 

miR-1825 Down in PCa vs BPH vs 
Healthy 

DDR1 (discoidin domain 
receptor tyrosine kinase 1) 

Weiner et al., 2000; 
Rikova et al., 2007; 

Yang et al., 2010 

miR-484 Down in PCa vs BPH vs 
Healthy 

UBR5 (ubiquitin protein 
ligase E3 component n-

recognin 5) 
Clancy et al., 2003 

miR-483-5p Up in PCa vs BPH & 
Healthy 

Selenoprotein O Diwadkar-Navsariwala 
et al., 2006 

miR-498 Down in BPH vs PCa & 
Healthy 

JHDM1D (jumonji C 
domain containing histone 
demethylase 1 homolog D) 

Osawa et al., 2011; 
Crea et al., 2012 
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Validation of MicroRNA Deregulation among Individual Prostate Cancer 

Samples using RT-qPCR 

Seven of the selected miRNAs were, according to microarray data on pooled 

samples, deregulated in PCa with respect to the healthy control group.  In order to 

evaluate those miRNA’s potential as candidate biomarkers for PCa, the relative 

expression of each was examined in all individual PCa samples by using RT-qPCR.  To 

allow for a comparison of expression levels between samples, the expression of each 

miRNA was normalized against each sample’s own content of 5S ribosomal RNA.  

Relative expression between each PCa sample and the average expression of the healthy 

control group was then calculated as LOG2 fold change values using the following 

equation: LOG2 (2-∆Ct (target miRNA) PCa / 2-∆Ct (target miRNA) Healthy Control).  For PCR data, 

an absolute LOG2 value of one or more was considered deregulated, while a value of less 

than one was considered minimally deregulated / unchanged.  Table 8 lists the relative 

expression of each of the seven miRNAs, for each of the initially collected PCa samples 

and with respect to the average expression of the healthy control group. 

Table 8 LOG2 fold change in the expression of the 7 miRNA among PCa patients relative 
to average healthy expression. 
(Red – Two fold or more up-regulated, Green – Two fold or more down-regulated, and Black – Minimally 
Deregulated / Unchanged) 
 

 

 LOG2 Fold Difference (PCa / Average Healthy Control) 
Sample ID miR-1234 miR-1238 miR-1913 miR-486-5p miR-1825 miR-484 miR-483-5p 

PCa 1 0.46 4.50 2.46 -0.31 5.54 -10.48 0.04 
PCa 2 2.26 -6.60 3.06 2.89 10.54 0.16 0.34 
PCa 3 -5.84 -4.10 -8.12 -5.81 5.74 -7.73 -8.83 
PCa 4 -0.14 -7.41 1.06 1.69 6.64 -1.64 -6.86 
PCa 5 -3.54 -3.10 -2.64 -3.71 1.04 -6.24 -6.06 
PCa 6 0.96 2.40 -1.04 0.89 5.04 1.06 -2.66 
PCa 7 2.46 1.80 0.86 1.49 5.84 -1.64 5.04 
PCa 8 -3.94 -13.29 -2.04 -4.31 0.44 -5.04 -4.86 
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Deregulation in the expression of each of the seven miRNAs seemed to be 

common among PCa samples; direction and extent of deregulation however varied 

widely among the individual samples.  For miR-1234, miR-1238, miR-1913, miR-486-

5p, there were an approximately equal number of PCa patients expressing up-regulation 

as down-regulation.  Interestingly there were two notable exceptions where a substantial 

majority of PCa samples expressed the same type of deregulation for a miRNA: miR-

1825 and miR-484.  MiR-1825 was up-regulated in seven out of eight PCa samples 

(88%); furthermore in the eighth PCa sample miR-1825 expression was unchanged with 

respect to healthy.  This frequent up-regulation of miR-1825 in PCa samples contrasts 

with the generally observed down-regulation of miR-1825 in the pooled PCa sample, 

obtained by microarray (see Figure 16).   

Individual expression of miR-484 however was in accordance with microarray 

data that suggested a general down-regulation in pooled PCa.  PCR results showed that 

miR-484 was down-regulated in six out of the eight PCa samples (75%), up-regulated in 

one and unchanged in another.  Figure 18 illustrates these percentages visually.   

 
 
Figure 18 Percentage of the Initial PCa Samples with two fold or more deregulation of a 
microRNA. 
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Screening for Deregulation of miR-1825 and miR-484 in BPH Samples by 

RT-qPCR 

Since only miR-1825 and miR-484 showed consistent up- and down-regulation 

across a majority of PCa samples by PCR (88% and 75%, respectively), they were 

selected for further evaluation among BPH samples, a group of patients who are usually 

falsely identified as having PCa by PSA testing.  Table 9 displays the LOG2 fold changes 

for the expression of miR-1825 and miR-484 among the initially collected BPH samples 

with respect to the average expression in the healthy control group.  MiR-1825 was found 

to have variable expression between BPH samples.  In particular miR-1825 was found to 

be up-regulated in 4 of the 12 samples or 33% of them, minimally deregulated or 

unchanged in 6 (50%) and down-regulated in 2 (17%).  This result is again in contrast to 

the microarray data (Figure 17), which suggests a general down-regulation of miR-1825 

in BPH.    

MiR-484 on the other hand was found to be two or more fold down-regulated in 

all of the initially collected BPH samples (100%), which is in agreement with the 

microarray data.  Figure 19 illustrates the percentage of initially collected BPH samples 

with up-regulation or miR-1825 and down-regulation of miR-484. 
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Table 9 LOG2 fold changes of the expression of miR-1825 & miR-484 among BPH 
patients relative to average healthy expression. 
(Red – Two fold or more up-regulated, Green – Two fold or more down-regulated, and Black – Minimally 
Deregulated) 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 19 Percentage of BPH patients with two or more fold deregulation of miR-1825 
or miR-484.  
(Red – Two fold or more up-regulated, Green – Two fold or more down-regulated) 
 

 LOG2 Fold Difference (BPH / Average Healthy Control) 
Sample ID miR-1825 miR-484 

BPH1 2.44 -1.74 
BPH2 4.04 -4.54 
BPH3 0.34 -3.54 
BPH4 0.64 -3.64 
BPH5 -2.86 -3.84 
BPH6 -0.36 -2.64 
BPH7 -0.06 -4.04 
BPH8 -2.95 -7.43 
BPH9 1.04 -3.74 

BPH10 0.94 -2.74 
BPH11 0.44 -1.34 
BPH12 2.64 -2.64 
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Screening for the Status of miR-1825 and miR-484 in PCa Patients: Two 

Years Later 

In order to validate the initial findings, miR-1825 and miR-484 were assessed for 

up- and down-regulation in urine samples that were collected two years from the initial 

collection and from the same individual PCa patients.  Again, relative expression was 

examined by RT-qPCR and both transcripts were normalized against the intrinsic 5S-

rRNA present in each sample.  Relative expression between samples was then calculated 

as LOG2 fold change values according to the following equation: LOG2 (2-∆Ct (target miRNA) 

PCa / 2-∆Ct (target miRNA) Healthy Control).  Table 10 lists the LOG2 fold change between 

each PCa sample that was collected after two years and the average for the original 

healthy control group, for both miR-1825 and miR-484.  While miR-1825 was initially 

found to be two or more fold up-regulated in 88% of the PCa samples, after two years it 

was only up-regulated among 50% of them or in four of the eight.  MiR-484 meanwhile, 

while initially found to be down-regulated in 75% of PCa samples, was after two years 

down-regulated in 88% of them or in seven out of eight.  Figure 20 illustrates the 

percentage of PCa patients with up- and down-regulation of miR-1825 and miR-484 at 

each time point.   
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Table 10 LOG2 fold changes of the expression of miR-1825 & miR-484 among PCa 
patients relative to average healthy expression after two years. 
(Red – Two fold or more up-regulated, Green – Two fold or more down-regulated, and Black – Minimally 
Deregulated) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 20 Percentage of PCa Patients with deregulation of miR-1825 or miR-484, 
initially and after two years.  
(Red – Two fold or more up-regulated, Green – Two fold or more down-regulated) 
 

 LOG2 Fold Difference (PCa / Average Healthy Control) 
Sample ID miR-1825 miR-484 

PCa 1 2.24 -1.34 
PCa 2 2.54 -1.24 
PCa 3 6.24 -1.04 
PCa 4 7.44 2.46 
PCa 5 -4.16 -2.84 
PCa 6 -1.66 -3.14 
PCa 7 -6.45 -6.24 
PCa 8 0.14 -2.94 

88
75

50

88

0

10

20

30

40

50

60

70

80

90

100

miR-1825 miR-484

%
 o

f 
P

at
ie

n
ts

 w
it

h
 m

iR
N

A
 D

er
g

u
la

ti
o

n Initial Collection

Initial Collection

After 2 years

After 2 years

88
75

50

88

0

10

20

30

40

50

60

70

80

90

100

miR-1825 miR-484

%
 o

f 
P

at
ie

n
ts

 w
it

h
 m

iR
N

A
 D

er
g

u
la

ti
o

n Initial Collection

Initial Collection

After 2 years

After 2 years



Taha Haj-Ahmad                                                                                                    Prostate Cancer Biomarker                                                                                                

 102 

Screening for the Status of miR-1825 and miR-484 in BPH Patients: Two 

Years Later 

Since up- and down-regulation of miR-1825 and miR-484 was common to urine 

samples collected from individuals with PCa, including samples collected from the same 

cohort two years later, it was decided to assay their expression in BPH samples collected 

two years later, again by RT-qPCR.  It should be noted that upon follow-up, only eight of 

the original twelve BPH patients participated.  Table 11 lists the LOG2 fold change values 

for miR-1825 and miR-484 in the BPH samples that were collected after two years; 

expression is relative to the average expression of the healthy control group.  MiR-1825 

was found to be two or more fold up-regulated in two of the eight BPH samples or 25% 

of them, down from 33% previously.  MiR-484 was found to be two or more fold down-

regulated in four of the eight BPH patients (50%), down from 100% observed two years 

prior.  Figure 21 illustrates the percentage of BPH patients with up- and down-regulation 

of miR-1825 and miR-484 at both time points. 

 

 

 

 

 



Taha Haj-Ahmad                                                                                                    Prostate Cancer Biomarker                                                                                                

 103 

Table 11 LOG2 fold changes of the expression of miR-1825 & miR-484 among BPH 
patients relative to average healthy expression after two years. 
(Red – Two fold or more up-regulated, Green – Two fold or more down-regulated, and Black – Minimally 
Deregulated) 

 LOG2 Fold Difference (BPH / Average Healthy Control) 
Sample ID miR-1825 miR-484 

BPH1 -1.16 -3.84 
BPH4 0.74 0.96 
BPH6 -2.86 -1.34 
BPH7 2.14 2.16 
BPH9 0.24 -0.74 

BPH10 0.14 -2.44 
BPH11 1.94 -1.64 
BPH 12 0.84 -0.54 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 21 Percentage of BPH patients with two or more fold deregulation of miR-1825 
or miR-484; both initially and after two years. 
(Red – Two fold or more up-regulated, Green – Two fold or more down-regulated) 
 
 
 
 

33

100

25

50

0

20

40

60

80

100

120

miR-1825 miR-484

%
 o

f 
P

at
ie

n
ts

 w
it

h
 m

iR
N

A
 D

er
g

u
la

ti
o

n

Initial Collection

Initial Collection

After 2 years

After 2 years

33

100

25

50

0

20

40

60

80

100

120

miR-1825 miR-484

%
 o

f 
P

at
ie

n
ts

 w
it

h
 m

iR
N

A
 D

er
g

u
la

ti
o

n

Initial Collection

Initial Collection

After 2 years

After 2 years



Taha Haj-Ahmad                                                                                                    Prostate Cancer Biomarker                                                                                                

 104 

Diagnostic Utility of miR-1825 and miR-484 for Diagnosing Prostate Cancer 

To evaluate the potential of using aberrant expression of miR-1825 or miR-484 

for diagnosing PCa the medical records, specifically PSA values and clinical diagnoses, 

were updated for all BPH patients as part of the two-year follow-up.  It should be noted 

that all BPH patients were as a result diagnosed twice, both initially and after two years.  

Interestingly, during their second assessment it was discovered that four of the BPH 

patients had PCa (Table 12).   

By comparing putative diagnoses (of PCa) made using miRNA deregulation 

against the actual clinical diagnoses, the sensitivity and specificity for using miR-1825 

up-regulation and miR-484 down-regulation (either separately or in tandem) for 

diagnosing PCa were determined.  The following criteria were applied: patients with a 

positive clinical diagnosis and exhibiting deregulation of either miR-1825 or miR-484 or 

deregulation of both were considered true positives; patients with a positive diagnosis and 

not exhibiting deregulation of any of the miRNAs (either separately or in tandem) were 

considered false negatives; patients with a negative diagnosis and exhibiting deregulation 

of either miR-1825, miR-484 or deregulation of both were considered false positives; and 

finally, patients with a negative diagnosis and not exhibiting deregulation of either miR-

1825 or miR-1825 or deregulation of both, were considered true negatives.  

The above-mentioned criteria were applied to each sample that had a clinical 

diagnosis (including PCa samples), yielding the sensitivity and specificity values for 

diagnosing PCa.  Using miR-1825 to diagnose PCa resulted in a sensitivity of 60% and a 

specificity of 69%, while using miR-484 to diagnose PCa resulted in a sensitivity of 80% 
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and a specificity of 19%.  Additionally, the sensitivity and specificity of using tandem 

deregulation of both microRNAs at the same time was 45% and 75%, respectively.  

Furthermore, the sensitivity and specificity of a panel, employing deregulation of both 

microRNAs as well as an abnormal PSA value (more than or equal to 4ng/mL) for 

detecting PCa was 40% and 81% respectively.  Table 13 summarizes the sensitivity and 

specificity values for the various targets. 

 
Table 12 Diagnosing PCa by Assessing Deregulation of miR-1825 or miR-484 among 
BPH Samples. 
 

 

Initial Urine Collection Urine Collection After 2 Years 
Test Result for 

PCa Clinical 
Diagnosis 
for PCa 

Serum 
PSA 

Levels 
(ng/mL) 

Test Result for 
PCa Clinical 

Diagnosis 
for PCa 

Serum 
PSA 

Levels 
(ng/mL) 

miR-
1825 

miR-
484 

miR-
1825 

miR-
484 

BPH1 PCa PCa Healthy 4.3 Healthy PCa PCa 3.9 
BPH2 PCa PCa Healthy 5.6 N/A N/A N/A N/A 
BPH3 Healthy PCa Healthy 3.9 N/A N/A N/A N/A 
BPH4 Healthy PCa Healthy 5.8 Healthy Healthy Healthy 9.6 
BPH5 Healthy PCa Healthy 2.4 N/A N/A N/A N/A 
BPH6 Healthy PCa Healthy 5.1 Healthy PCa Healthy 4.8 
BPH7 Healthy PCa Healthy 6.9 PCa Healthy Healthy 4.2 
BPH8 Healthy PCa Healthy 3.7 N/A N/A N/A N/A 
BPH9 PCa PCa Healthy 4.3 Healthy Healthy PCa 10.5 

BPH10 Healthy PCa Healthy 5.1 Healthy PCa PCa 9.8 
BPH11 Healthy PCa Healthy 7.4 PCa PCa PCa 4.2 
BPH12 PCa PCa Healthy 3.8 Healthy Healthy Healthy 9.4 
 
 
 
 
 
Table 13 Diagnostic Utility of miR-1825 and miR-484 for Diagnosing PCa. 

Candidate Biomarker(s) Sensitivity (%) Specificity (%) 
miR-1825 60 69 
miR-484 80 19 

miR-1825 and miR-484 45 75 
miR-1825/miR-484/PSA 40 81 

PSA (Experimental/Literature) 90/86 25/33 
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Testing miR-498's Ability to Differentiate PCa from BPH 

 Since miR-498 was observed by microarray to be down-regulated primarily in 

pooled BPH (Table 7), it was selected for evaluation among individual samples.   As 

expected from the microarray data, PCR results showed that miR-498 down-regulation 

was predominant among BPH samples.  MiR-498 was down-regulated in eleven of the 

initially collected twelve BPH samples, and unchanged in one sample.  Furthermore, 

miR-498 was down-regulated in only three of the eight PCa samples, unchanged in four 

and even up-regulated in one.  Table 14 summarizes the direction and extent of miR-498 

expression among each of the initially collected BPH and PCa samples with respect to the 

average expression level in the healthy control group.  Figure 22 highlights the 

percentage of initially collected samples expressing down-regulation of miR-498. 

In order to validate these initial findings, miR-498 expression was assessed in the 

same BPH and PCa samples after two years.  Interestingly, miR-498 remained down-

regulated in five of the eight BPH samples, two were minimally deregulated and just one 

was up-regulated.  Expression in PCa samples however remained heterogeneous, with 

three samples expressing down-regulation, three being minimally deregulated and two 

being up-regulated.  Table 15 summarizes the direction and extent of miR-498 expression 

among each of the BPH and PCa samples that were collected after two years (with 

respect to the average level in the healthy control group).  Figure 23 highlights the 

percentage of samples expressing down-regulation of miR-498 after two years. 

 By using miR-498 down-regulation to diagnose BPH and then comparing the 

putative diagnosis to the clinical diagnosis it was possible to calculate sensitivity and 
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specificity values.  Table 16 displays the diagnosis based on miR-498 down-regulation in 

BPH samples as well as the clinical diagnosis and PSA values.  Of note are that two 

patients (BPH 9 and BPH 10) who were initially diagnosed with BPH (both clinically and 

by miR-498 being down-regulated) were both subsequently diagnosed (clinically) with 

PCa.  For these two samples, miR-498 expression had, by the time of their second sample 

collection, also increased to normal levels or higher.  MiR-498 performed well as a 

predictor of BPH.  With an 88% sensitivity, down-regulation was quite responsive to the 

presence of BPH.  Furthermore, miR-498 down-regulation was moderately specific for 

BPH, producing a specificity of 60%.  Table 17 lists the sensitivity and specificity for 

miR-498 down-regulation as a diagnostic for BPH.   

 To assess what impact a miR-498-based test for BPH would have on the number 

of men referred for prostate biopsy due to elevated PSA and hence suspicion of PCa, each 

urine sample that was associated with a PSA value and a clinical diagnosis was assessed 

for miR-498 expression.  If expression was twofold or more down-regulated against the 

average level of the healthy control group then that sample was assumed positive for 

BPH.  If positive for BPH after showing an elevated PSA level (≥4.0ng/mL), then that 

sample was labeled: “would not send for biopsy”, otherwise an elevated PSA level was 

always labeled: “would send for biopsy”, and a low PSA level always: “would not send 

for biopsy”.  By knowing the clinical outcome in each instance, it was possible to 

determine whether or not a given biopsy recommendation would have been justifiable.   

Figure 24 compares the number of unnecessary biopsies that would have been 

performed, between PSA testing alone and PSA testing when combined with the putative 

miR-498 test for BPH.  Interestingly when miR-498 was employed, the percentage of 
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non-PCa cases that would have been sent for biopsy dropped from 75% (12 out of 16 

non-PCa cases) with PSA alone to just 6.3% (1 out of 16), a vast improvement.   

At the other end, Figure 25 compares the number of necessary biopsies that would 

not have been performed, between PSA testing alone and PSA testing when combined 

with miR-498.  Of note is that while PSA would have sent 90% of those with PCa for 

biopsy (18 out of 20 instances of PCa), a miR-498/PSA combination would only have 

sent 60% of those with PCa for biopsy (12 out of 20). 

 

 
Table 14 Expression of miR-498 among Initially Collected Urine Samples. 
(Red – Two fold or more up-regulated, Green – Two fold or more down-regulated, and Black – Minimally 
Deregulated) 

Sample ID 
LOG2 Fold Difference Sample 

ID 
LOG2 Fold Difference 

(BPH / Average Healthy Control) (PCa / Average Healthy Control) 
BPH1 -3.81 PCa 1 -0.11 

BPH2 -4.11 PCa 2 0.89 

BPH3 -2.51 PCa 3 -7.62 

BPH4 -3.11 PCa 4 0.19 

BPH5 -3.51 PCa 5 -3.01 
BPH6 -1.51 PCa 6 12.69 
BPH7 -4.91 PCa 7 -0.11 
BPH8 -5.91 PCa 8 -3.21 
BPH9 -1.61 

BPH10 -5.01 
BPH11 -1.11 
BPH12 -0.81 
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Figure 22 MiR-498 Down-regulation among Initially Collected Urine Samples. 
(Green – Two fold or more down-regulated) 
 
 
 
 
Table 15 MiR-498 Expression in Urine Samples Collected After Two Years. 
(Red – Two fold or more up-regulated, Green – Two fold or more down-regulated, and Black – Minimally 
Deregulated) 
 

 

Sample ID 
LOG2 Fold Difference  

Sample 
ID 

 

LOG2 Fold Difference 

(BPH / Average Healthy Control) (PCa / Average Healthy Control) 

BPH 1 -1.81 PCa 1 -0.31 

BPH 4 -1.21 PCa 2 -0.19 

BPH 6 -2.61 PCa 3 0.59 

BPH 7 -1.51 PCa 4 1.99 

BPH 9 1.39 PCa 5 1.09 
BPH 10 0.19 PCa 6 -1.21 
BPH 11 -2.61 PCa 7 -6.01 
BPH 12 0.59 PCa 8 -2.71 
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Figure 23 MiR-498 Down-regulation among Urine Samples Collected after Two Years. 
(Green – Two fold or more down-regulated) 
 
Table 16 Diagnosing BPH by Assessing Down-regulation of miR-498 among BPH 
Samples. 

 
 
Table 17 Diagnostic Characteristics of miR-498 for Diagnosing BPH. 

 

Sample 
ID 

Initial Urine Collection Urine Collection After 2 Years 

Test Result 
for BPH Clinical 

Diagnosis 
Serum PSA 

Levels 
(ng/mL) 

Test Result 
for BPH Clinical 

Diagnosis 

Serum 
PSA 

Levels 
(ng/mL) miR-498 miR-498 

BPH1 BPH BPH 4.3 BPH PCa 3.9 

BPH2 BPH BPH 5.6 N/A N/A N/A 

BPH3 BPH BPH 3.9 N/A N/A N/A 

BPH4 BPH BPH 5.8 BPH BPH 9.6 

BPH5 BPH BPH 2.4 N/A N/A N/A 

BPH6 BPH BPH 5.1 BPH BPH 4.8 

BPH7 BPH BPH 6.9 BPH BPH 4.2 

BPH8 BPH BPH 3.7 N/A N/A N/A 

BPH9 BPH BPH 4.3 Healthy PCa 10.5 

BPH10 BPH BPH 5.1 Healthy PCa 9.8 

BPH11 BPH BPH 7.4 BPH PCa 4.2 

BPH12 Healthy BPH 3.8 Healthy BPH 9.4 

Sensitivity 88 
Specificity 60 
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Figure 24 Effect of miR-498 testing on Number of Biopsies in samples from individuals 
without PCa.   
(Values in the bars refer to number of samples) 
 
 
 

 

 

 

 

 

Figure 25 Effect of miR-498 testing on Number of Biopsies in samples from individuals 
with PCa.   
(Values in bars refer to number of samples) 
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Protein-Based Prostate Cancer Biomarker Approach 

Isolation of Total Urinary Proteins from Prostate Cancer, Benign Prostatic 

Hyperplasia and Healthy Control Groups 

Protein concentrations varied considerably from group to group and even from 

sample to sample within a group (Figure 27); this is expressed by a mean coefficient of 

variation of 0.4 between the three groups.  The concentration of total urinary proteins 

ranged from 52µg/mL to 283µg/mL in the PCa group and from 38µg/mL to 197µg/mL in 

the BPH group, while in the healthy control group total proteins ranged from 28ug/mL to 

67ug/mL of urine. 
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Figure 26 Total urinary proteins purified from healthy individuals, individuals with BPH 
and individuals with Prostate Cancer and resolved on 12 % SDS-PAGE gels. 
(Gel A: samples 1-5, Gel B: samples 6-9, Gel C: Samples 1-6 and Gel D: Samples 7-12.  M: Unstained 
Protein Molecular Weight Marker (Fermentas, #SM0431)).  
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Figure 27 A histogram of urinary proteins concentrations (mean ± SD) in the Healthy 
Control Group, the Benign Prostatic Hyperplasia Group and the Prostate Cancer Group.  
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It is also important to note that protein concentrations differed significantly 

between the PCa, BPH and Healthy Control groups.  The total urinary protein 

concentrations in the PCa group, with a mean of 161µg/mL ± 83, was significantly higher 

than those from the healthy control group which had a mean concentration of 46µg/mL ± 

12 (p value = 0.0057) (Figure 28).  Furthermore, the protein concentrations in the BPH 

group, with a mean of 105µg/mL ± 43 were also significantly higher than those of the 

healthy control group (p value = 0.0006) (Figure 28). 

 

 

 
 
 
Figure 28 Urinary protein concentrations (mean ± SD) for the Healthy Control Group, 
the Benign Prostatic Hyperplasia Group and the Prostate Cancer Group. 
** refers to a significant difference (P < 0.05) in the Student’s T-test 
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Isolation of Total Urinary Proteins from PCa and BPH Samples after Two 

Years 

As part of the two year follow up, urine samples were again collected from the 

same individuals and similarly, total urinary proteins were isolated and analyzed.  

Interestingly, after two years the mean concentration of total proteins in the PCa group 

(54µg/mL ± 23) was significantly lower than during the initial collection (Figure 29).  

Similarly, the total mean urinary protein concentration in the BPH group (73µg/mL ± 33) 

was lower after two years; just not significantly lower (Figure 30). 

 

Figure 29 Difference in mean protein concentration for the PCa group after two years. 
 

 
Figure 30 Difference in mean protein concentration for the BPH group after two years.  
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Shotgun Profiling by LC-MS/MS 

In the previous section, total urinary proteins were assessed both qualitatively and 

quantitatively using traditional tools such as SDS-PAGE and spectrophotometry.  These 

traditional tools provided valuable information on the general differences that existed 

between the groups; they however did not provide sufficient information on the identity 

of the individual proteins that were isolated from urine.  Therefore it was deemed 

necessary to examine the isolated proteins using mass spectrometry for the purpose of 

identifying specific proteins present within each group.  Towards this, proteins from each 

of the samples within a group were pooled.  They were then assessed by LC-MS/MS 

(liquid chromatography coupled to tandem mass spectrometry) to identify the constitutive 

proteins.  Mass spectrometry resulted in the accumulation of 2062, 1514 and 2527 spectra 

for each of the respective samples (pooled healthy, PCa and BPH).  Scaffold proteome 

software was then employed to identify individual proteins from among the resulting 

spectra using the MASCOT and X!Tandem databases (Brosch et al., 2008).  This resulted 

in the identification of 28 individual proteins in the healthy control sample, 41 in the BPH 

and 31 in the PCa sample.   

Proteins were then classified based on the likelihood of their presence within each 

of the three-pooled samples.  Of the identified proteins, 10 were common to all three 

groups: uromodulin, variants of Alpha-1 anti-trypsin, Alpha-2-glycoprotein-1, Ig lambda 

chain V region, Immunoglobulin light chain constant region, Fibrinogen gamma chain, 

Glutaminyl-peptide cyclotransferase, Hemopexin, Human Ferritin L Chain and Leucine-

rich α-2-glycoprotein-1 (Table 18).   
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Table 18 Commonly identified proteins among all three groups. 

Protein Name Accession 
Number 

Molecular 
Weight 

Probability Protein was 
Present 

Control BPH PCa 
Uromodulin gi|119570699 74 kDa 100% 100% 100% 

α-1 antitrypsin variant gi|110350939 47 kDa 100% 100% 100% 

α-2-glycoprotein 1 gi|119597029 23 kDa 100% 100% 100% 
Ig lambda chain V region gi|478602 23 kDa 100% 100% 100% 

Immunoglobulin light chain constant 
region gi|21628665 4 kDa 100% 100% 100% 

Fibrinogen gamma chain gi|119625314 47 kDa 100% 100% 98% 
Glutaminyl-peptide cyclotransferase gi|119620798 34 kDa 69% 77% 40% 

Hemopexin gi|11321561 52 kDa 99% 100% 88% 
Human Ferritin L Chain gi|110591399 20 kDa 88% 100% 100% 

Leucine-rich α-2-glycoprotein 1 gi|16418467 38 kDa 98% 89% 85% 

 

Furthermore, there were sixteen proteins unique to the PCa group: Human Serum 

Albumin Complexed with Myristate and Aspirin; Apolipoprotein-D; Prostaglandin H2 D-

isomerase; Ig A1 Bur; G-protein coupled receptor 115; Cadherin-1; α-N-

acetylglucosaminidase; Pro-epidermal growth factor; Apolipoprotein-J precursor; Human 

Beta-Defensin-1; Matrilin-4; CD14 antigen; Chemokine-like factor superfamily-5 

isoform a; Fibronectin precursor; Immunoglobulin-kappa light chain variable region; and 

SLURP1 (Table 19).  The probability that the observed peptide spectra resulted from the 

presence of a given protein ranged from 50% (for Pro-epidermal growth factor) to 100% 

(for Cadherin 1 and G-protein coupled receptor 115).  
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Table 19 Proteins identified only in the PCa group.  

Protein Name Accession 
Number 

Molecular 
Weight 

Probability Protein was 
Present 

Control BPH PCa 
Human Serum Albumin Complexed With 

Myristate And Aspirin gi|122920512 66 kDa 0% 0% 82% 

Apolipoprotein D gi|619383 28 kDa 0% 0% 73% 
Prostaglandin H2 D-isomerase gi|32171249 21 kDa 0% 0% 72% 

Ig A1 Bur gi|229585 73 kDa 0% 0% 71% 
G-protein coupled receptor 115 gi|116517328 78 kDa 0% 0% 100% 

Cadherin 1 gi|119603648 69 kDa 0% 0% 100% 
α-N-acetylglucosaminidase gi|1479983 72 kDa 0% 0% 83% 
Pro-epidermal growth factor gi|119226 134 kDa 0% 0% 50% 
Apolipoprotein J precursor gi|178855 49 kDa 0% 0% 82% 
Human Beta-Defensin-1 gi|118138711 4 kDa 0% 0% 88% 

Matrilin 4 gi|119596272 43 kDa 0% 0% 88% 
CD14 antigen gi|15667229 14 kDa 0% 0% 88% 

Chemokine-like factor superfamily 5 
isoform a gi|19923993 17 kDa 0% 0% 88% 

Fibronectin precursor gi|31397 257 kDa 0% 0% 88% 
Immunoglobulin-kappa light chain 

variable region gi|4378284 11 kDa 0% 0% 88% 

SLURP1 gi|46578131 11 kDa 0% 0% 88% 

 

Another sixteen proteins were found to be unique to the BPH group, they were: α-

1-microglobulin/bikunin pre-pro-protein; α-1 acid glycoprotein-2 precursor; Pepsinogen-

3; Kininogen-1; Phosphoinositide-3-kinase interacting protein-1; Immunoglobulin heavy 

chain; Coagulation factor-II (thrombin); IgA-H; Amylase; Apolipoprotein-H; VASN 

protein; CD44 molecule; Protein-C inhibitor; EPH receptor B3; CD59 antigen pre-pro-

protein; and Vitronectin (Table 20).  Ten proteins were identified in both the BPH and 

control groups and were notably absent from the PCa group, they were: hCG-1996769; 

complement component-3 precursor; retinol binding protein-4; myosin VA; haptoglobin; 

keratin-13; defensin HNP1; delta-globin; PRO-2675; and hCG-1817845 (Table 21).  
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Table 20 Proteins identified only in the BPH group.  

Protein Name Accession 
Number 

Molecular 
Weight 

Probability Protein was 
Present 

Control BPH PCa 
α-1-microglobulin/bikunin 

preproprotein 
gi|4502067 39 kDa 0% 77% 0% 

α-1-acid glycoprotein 2 precursor gi|29170378 23 kDa 0% 84% 0% 
Pepsinogen 3 gi|119372298 42 kDa 0% 85% 0% 
Kininogen 1 gi|119598586 72 kDa 0% 64% 0% 

Phosphoinositide-3-kinase interacting 
protein 1 gi|15029677 28 kDa 0% 61% 0% 

Immunoglobulin heavy chain gi|10334611 40 kDa 0% 100% 0% 
Coagulation factor II (thrombin) gi|119588383 69 kDa 0% 56% 0% 

Ig A H gi|229537 51 kDa 0% 100% 0% 
Amylase gi|10280622 58 kDa 0% 99% 0% 

Apolipoprotein H gi|119609419 19 kDa 0% 89% 0% 
VASN protein gi|15489339 64 kDa 0% 89% 0% 

CD44 molecule gi|10432370 74 kDa 0% 89% 0% 
Protein C inhibitor gi|1144561 46 kDa 0% 89% 0% 
EPH receptor B3 gi|119598642 106 kDa 0% 100% 0% 

CD59 antigen preproprotein gi|10835165 14 kDa 0% 89% 0% 
Vitronectin gi|13477169 54 kDa 0% 89% 0% 

 
 
 
Table 21 Proteins absent only from the PCa group.  

Protein Name Accession 
Number 

Molecular 
Weight 

Probability Protein was 
Present 

Control BPH PCa 
hCG1996769 gi|119584748 9 kDa 45% 89% 0% 

complement component 3 
precursor gi|115298678 187 kDa 100% 37% 0% 

retinol binding protein 4 gi|119570453 23 kDa 100% 35% 0% 
myosin VA gi|119597853 209 kDa 88% 89% 0% 
Haptoglobin gi|119579598 47 kDa 88% 89% 0% 
keratin 13 gi|131412225 50 kDa 88% 85% 0% 

defensin HNP1 gi|1470343 2 kDa 88% 89% 0% 
delta-globin gi|18462105 16 kDa 88% 100% 0% 
PRO2675 gi|7770217 33 kDa 88% 89% 0% 

hCG1817845 gi|119621477 61 kDa 88% 71% 0% 
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There were eight proteins found in the control group that were notably missing 

from both the PCa and BPH samples, they were: Lipopolysaccharide binding protein; 

Janus kinase and microtubule interacting protein-2; Polyamine modulated factor-1 

binding protein-1; α-mannosidase-II; Apolipoprotein-A-I; Zinc finger protein; ACSF3 

protein; and Chloride intracellular channel-1 (Table 22).  Another five proteins were 

absent from the control sample but were present in both the pooled PCa and BPH 

samples, they were: Apo-Human Serum Transferrin (Non-Glycosylated); Nidogen 1 

precursor; N-ethylmaleimide-sensitive factor attachment protein; CTCL tumour antigen; 

and Tumour Protein 53 Inducible Nuclear Protein 2 (TP53INP2) (Table 23). 

 
Table 22 Proteins identified only in the Healthy Control group.  

Protein Name Accession 
Number 

Molecular 
Weight 

Probability Protein 
was Present 

Control BPH PCa 
Lipopolysaccharide binding protein gi|119596439 52 kDa 88% 0% 0% 

Janus kinase and microtubule 
interacting protein 2 gi|119582224 96 kDa 88% 0% 0% 

Polyamine modulated factor 1 binding 
protein 1 gi|119579580 119 kDa 88% 0% 0% 

α-mannosidase II gi|1117827 131 kDa 88% 0% 0% 
Apolipoprotein A-I gi|119587681 23 kDa 88% 0% 0% 
Zinc finger protein gi|340430 11 kDa 84% 0% 0% 

ACSF3 protein gi|40352872 43 kDa 84% 0% 0% 
Chloride intracellular channel 1 gi|14251209 27 kDa 81% 0% 0% 

 

Table 23 Proteins absent only from the Healthy Control group.  
 

Protein Name Accession 
Number 

Molecular 
Weight 

Probability Protein was 
Present 

Control BPH PCa 
Apo-Human Serum Transferrin (Non-

Glycosylated) gi|110590597 75 kDa 0% 89% 88% 

Nidogen 1 precursor gi|115298674 136 kDa 0% 89% 88% 
N-ethylmaleimide-sensitive factor 

attachment protein gi|119621987 28 kDa 0% 99% 100% 

CTCL tumour antigen gi|11385664 117 kDa 0% 89% 88% 
Tumour protein 53 inducible nuclear 

protein 2 gi|119596664 17 kDa 0% 100% 100% 
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Detecting Selected Proteins among Individual Prostate Cancer Samples via 

Western Blotting 

 In order to evaluate their potential as biomarkers, Cadherin-1 and Fibronectin 

were selected from among the PCa-specific proteins (Table 19), and Tumour Protein 53 

Inducible Nuclear Protein 2 (TP53INP2) was selected from among the proteins common 

to both PCa and BPH (Table 23), for further evaluation among individual samples.  They 

were selected on the basis of the mass spectrometry data on pooled samples and on the 

basis of literature suggesting a potential role in cancer.   

To estimate the abundance of Cadherin-1, Fibronectin and TP53INP2 among 

individual samples, urinary proteins purified from individual PCa were assayed for their 

presence by Western blotting.  As can be seen in Figure 31, none of the samples assayed 

produced a visible band for either Cadherin-1, Fibronectin (TP53INP2 data not shown).  

This was the outcome despite using two different suppliers for antibodies against these 

proteins.  It was therefore decided that the expression of associated mRNA transcripts for 

the three proteins would be performed instead, using RT-qPCR (data presented in the 

next section).   
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Figure 31 Western blot of PCa samples. 
A: PCa samples with Ab against Cadherin-1; B: PCa samples with Ab against Fibronectin; PosC: HeLa 
Lysate as a Positive Control; M: Prestained Protein ladder (Nippon Genetics Europe, # MWP02) 
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Determining the Expression of Cadherin-1, Fibronectin and TP53INP2 

mRNA among individual Prostate Cancer samples by RT-qPCR 

Since Western blotting did not reveal any bands and also because Western 

blotting itself is not as sensitive as RT-qPCR, the expression of the corresponding 

mRNAs was investigated instead, firstly among the initially collected PCa samples.  

Employing RT-qPCR, mRNA levels among individual samples were compared to the 

average expression levels of the healthy control group.  Transcript expression for each 

sample was first normalized against the sample’s own content of 5S rRNA.  Relative 

expression was then calculated as LOG2 fold change values according to equation: LOG2 

(2-∆Ct (target mRNA) PCa / 2-∆Ct (target mRNA) Mean Healthy Control) (Table 24).  

In contrast to mass spectrometry data that showed Cadherin-1, Fibronectin and 

TP53INP2 proteins to be present in the pooled PCa sample and not in the healthy control 

sample, mRNA levels for the corresponding proteins (especially Fibronectin and 

TP53INP2) were widely down-regulated amongst individual PCa samples.  In particular, 

Fibronectin mRNA was found to be at least two fold down-regulated in seven of the eight 

PCa samples (88%), and unchanged with respect to healthy in just one (PCa 2).  

TP53INP2 mRNA was found to be at least sixteen fold down-regulated in 50% of the 

initially collected PCa samples, while remaining unchanged/minimally deregulated 

among the remaining four samples (50%).  Cadherin-1 mRNA on the other hand was 

found to be thirty fold up-regulated in one sample, unchanged in one (13%) and down-

regulated in the remaining five PCa samples (63%).  Figure 32 illustrates the percentage 
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of initially collected PCa samples with either up, down or minimal deregulation, for each 

of the three target mRNAs. 

 
Table 24 LOG2 fold change values for the expression of: Cadherin-1, Fibronectin and 
TP53INP2 mRNAs among initially collected PCa samples. 
(Red – Two fold or more up-regulated, Green – Two fold or more down-regulated and Black – Minimally 
Deregulated) (Relative to average healthy group expression) 
 

  LOG2 Fold Change (PCa / Average Healthy Control) 
Sample ID Cadherin-1 Fibronectin TP53INP2 

PCa 1 4.91 -4.24 -9.36 
PCa 2 -7.39 -0.04 -14.76 
PCa 3 -4.39 -10.14 -23.86 
PCa 4 -1.49 -2.94 0.34 
PCa 5 -6.69 -7.14 -4.76 
PCa 6 -1.09 -2.44 -0.96 
PCa 7 N/A -2.64 0.04 
PCa 8 0.81 -6.84 0.24 

 
 
 

 
 
Figure 32 Percentage of initially collected PCa samples with either up, down or minimal 
deregulation in the expression of mRNAs for: Cadherin-1, Fibronectin or TP53INP2.  
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Screening for Deregulation of Fibronectin and TP53INP2 among BPH 

Samples by RT-qPCR 

Since both Fibronectin and Cadherin-1 proteins were specifically identified by 

mass spectrometry in the pooled PCa sample, but only Fibronectin mRNA (and not 

Cadherin-1 mRNA) was consistently down-regulated among initially collected PCa 

samples it was decided that only Fibronectin mRNA expression would be evaluated in the 

initially collected BPH samples.  Analysis then revealed that Fibronectin mRNA was 

variably expressed in BPH, down-regulated in eight of the twelve initially collected BPH 

samples (67%), unchanged in one (8%) and up-regulated in three (25%) (Table 25). 

Since the TP53INP2 protein was originally identified by mass spectrometry in 

both PCa and BPH, and since its mRNA was considerably (>16 fold) down-regulated in 

half the PCa samples, its expression was also evaluated among individual BPH samples.  

Expression analysis among the initially collected BPH samples revealed that TP53INP2 

mRNA was predominantly down-regulated.  TP53INP2 mRNA was at least two fold 

down-regulated in ten of the twelve samples (83%) and unchanged versus the average 

healthy group level in just one (Table 25).  Figure 33 illustrates the percentage of initially 

collected BPH samples with either up, down or minimal deregulation, for both 

Fibronectin and TP53INP2 mRNA. 
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Table 25 LOG2 fold change values for the expression of: Fibronectin and TP53INP2 
mRNAs among initially collected BPH samples. 
(Red – Two fold or more up-regulated, Green – Two fold or more down-regulated and Black – Minimally 
Deregulated) (Relative to average healthy group expression) 
 

 LOG2 Fold Change (BPH / Average Healthy Control) 
Sample ID Fibronectin TP53INP2 

BPH1 -5.14 -0.96 
BPH2 -5.04 -21.36 
BPH3 -6.34 -16.56 
BPH4 -2.94 -1.96 
BPH5 3.06 -12.86 
BPH6 -2.14 -3.26 
BPH7 -6.24 -21.76 
BPH8 -6.74 -6.56 
BPH9 -0.54 N/A 

BPH10 1.26 -13.96 
BPH11 1.86 -12.06 
BPH12 -2.69 -10.56 

 

 

 

 

 

 

 

Figure 33 Percentage of initially collected BPH samples with up, down or minimal 
deregulation in the expression of mRNAs for: Fibronectin or TP53INP2.  
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Re-evaluating Fibronectin and TP53INP2 mRNA expression in PCa samples 

after two years 

Since both Fibronectin and TP53INP2 mRNA appeared to be down-regulated in 

at least half of the initially collected, PCa and BPH samples, it was decided to re-evaluate 

expression levels for the PCa samples as part of the two year follow-up.  Expression 

levels were again determined by RT-qPCR, on RNA isolated from urine samples 

collected two years subsequent to the initial collection.  For every sample, both 

transcripts were normalized against the sample’s own content of 5S rRNA.  Differential 

expression was then determined by comparing expression against the average healthy 

group’s level.  Relative expression was then calculated as LOG2 fold change values 

according to the equation: LOG2 (2-∆Ct (target mRNA) PCa / 2-∆Ct (target mRNA) Mean Healthy 

Control) (Table 26).   

Analysis revealed that both Fibronectin and TP53INP2 mRNA were now down-

regulated in six of the eight PCa samples (75%).  For Fibronectin mRNA this was a drop 

from the seven out of eight samples observed previously to be down-regulated (Figure 

34).  Interestingly however, despite this drop in frequency (of down-regulation), after two 

years many of the same PCa samples (PCa 3, 5, 6, 7, 8) had maintained their initially 

observed down-regulation of Fibronectin mRNA.  Only PCa samples 1 and 4 had 

changed, becoming up-regulated or unchanged (respectively) with respect to the mean 

level of the original healthy control group.  For TP53INP2 mRNA levels, down-

regulation was more frequent after two years (75% versus 50%), occurring in three 
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additional samples, PCa 4, 6 and 8.  Meanwhile some of the other patients (PCa 1, 2, 5) 

maintained their down-regulation in TP53INP2 mRNA. 

 

  

Table 26 LOG2 fold change values for the expression of: Fibronectin and TP53INP2 
mRNAs among PCa samples collected after two years. 
(Red – Two fold or more up-regulated, Green – Two fold or more down-regulated and Black – Minimally 
Deregulated) (Relative to average healthy group expression) 

 

 

 

 

 
 
 
 
 
 
 
Figure 34 Percentage of PCa samples with down-deregulation in the expression of 
mRNAs for: Fibronectin or TP53INP2. (Determined by RT-qPCR)  
 
 
 

 LOG2 Fold Change (PCa / Average Healthy Control) 
Sample ID Fibronectin TP53INP2 

PCa 1 1.66 -7.66 
PCa 2 -5.24 -4.66 
PCa 3 -2.54 N/A 
PCa 4 -0.54 -13.46 
PCa 5 -2.74 -2.36 
PCa 6 -1.34 -18.86 
PCa 7 -7.34 N/A 
PCa 8 -1.14 -6.86 
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Re-evaluating Fibronectin and TP53INP2 mRNA expression in BPH samples 

after two years 

Since deregulation of either Fibronectin or TP53INP2 appeared to be common in 

PCa and BPH samples, even after two years, it was decided to re-evaluate their 

expression levels in the BPH samples that were collected after two years.  It should be 

noted that of the original twelve BPH patients, only eight were successfully located for 

follow-up testing; of the eight, four happened to be diagnosed with PCa at this point 

(BPH patients 1, 9, 10 and 11).   

Expression analysis by RT-qPCR revealed that Fibronectin mRNA was now 

down-regulated in only two of the eight BPH samples (25%), down from the previous 

67% (Figure 35).  Interestingly, two of the four BPH patients who were found to have 

PCa at the second diagnosis, did in fact have down-regulation of Fibronectin mRNA in 

their urine after two years.  The first, BPH 1, had shown such deregulation as early as two 

years prior, during the initial collection; BPH 10 on the other hand went from Fibronectin 

being 2.4 fold up-regulated to 4.7 fold down-regulated after two years (Table 27).  

TP53INP2 mRNA expression was, after two years found to be at least two fold down-

regulated in seven of the eight BPH samples (88%) versus ten out of twelve previously 

(83%), a roughly consistent fraction.   
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Table 27 LOG2 fold change values for the expression of: Fibronectin and TP53INP2 
mRNAs among BPH samples collected after two years. 
(Red – Two fold or more up-regulated, Green – Two fold or more down-regulated and Black – Minimally 
Deregulated) (Relative to average healthy group expression)  

 

 

 

 

 

 

 

 
Figure 35 Percentage of BPH samples with down-deregulation in the expression of 
mRNAs for: Fibronectin or TP53INP2.  

 

 
 

 LOG2 Fold Change (BPH / Average Healthy Control) 
Sample ID Fibronectin TP53INP2 

BPH1 -5.34 -4.36 
BPH4 4.16 -1.36 
BPH6 3.06 -3.36 
BPH7 0.56 -9.76 
BPH9 -0.74 -8.36 

BPH10 -2.24 N/A 
BPH11 0.06 -13.86 
BPH 12 1.96 -14.06 
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Diagnostic Value of Fibronectin & TP53INP2 for Diagnosing Prostate Cancer 

To evaluate the potential for using the aberrant expression of Fibronectin or 

TP53INP2 mRNA for diagnosing PCa, the medical records, specifically PSA values and 

clinical diagnoses for all BPH patients were updated as part of the two-year follow-up.  It 

should be noted that all BPH patients were therefore diagnosed twice, once initially and 

then again after two years.  Interestingly, during the second assessment it was discovered 

that four of the BPH patients in fact had PCa, they were: BPH 1, 9, 10 and 11 (Table 28).   

By comparing putative diagnoses (of PCa) made using mRNA deregulation 

against the actual clinical diagnoses, the sensitivity and specificity for using at least two 

fold down-regulation of Fibronectin and TP53INP2 (separately or in tandem) for 

diagnosing PCa were determined.  The following criteria were applied: patients with a 

positive clinical diagnosis and exhibiting down-regulation of either Fibronectin or 

TP53INP2 or deregulation of both, were considered true positives; patients with a 

positive clinical diagnosis and not exhibiting down-regulation of either gene (either 

separately) or only one gene (in tandem) were considered false negatives; patients with a 

negative clinical diagnosis and exhibiting down-regulation of either Fibronectin or 

TP53INP2 or deregulation of both, were considered false positives; and patients with a 

negative clinical diagnosis and not exhibiting down-regulation of Fibronectin or 

TP53INP2 or exhibiting down-regulation of only one or neither (when combined), were 

considered true negatives. 

By applying the above-mentioned criteria, both sensitivity and specificity for 

using down-regulation in Fibronectin and/or TP53INP2 for diagnosing PCa were 
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determined.  Using Fibronectin mRNA down-regulation on its own to diagnose PCa 

resulted in a sensitivity of 75% and a specificity of 50%, while using TP53INP2 mRNA 

down-regulation on its own to diagnose PCa resulted in a sensitivity of 76% and 

specificity of 7%.  Furthermore, the sensitivity and specificity for using the tandem 

down-regulation of both genes for diagnosing PCa was 47% and 53%, respectively.  The 

sensitivity and specificity for a panel employing down-regulation of both genes and an 

elevated serum PSA (≥4ng/mL) for detecting PCa was 35% and 73%, respectively.  Table 

29 summarizes the sensitivity and specificity values for the various assays. 

 
Table 28 Diagnosing PCa among BPH Patients by Assessing Deregulation of 
Fibronectin and TP53INP2 mRNA. 
 

 
Table 29 Diagnostic Value of Fibronectin and TP53INP2 for Diagnosing PCa. 

Sample 
ID 

Initial Urine Collection Urine Collection After 2 Years 
LOG2 Fold Change 

(BPH / Avg Control) Clinical 
Diagnosis 
for PCa 

Serum 
PSA 

Levels 
(ng/mL) 

LOG2 Fold Change 
(BPH / Avg Control) 

Clinical 
Diagnosis 
for PCa 

 

Serum 
PSA 

Levels 
(ng/mL) Fibronectin TP53INP2 Fibronectin TP53INP2 

BPH1 PCa Healthy Healthy 4.3 PCa PCa PCa 3.9 
BPH2 PCa PCa Healthy 5.6 N/A N/A N/A N/A 
BPH3 PCa PCa Healthy 3.9 N/A N/A N/A N/A 
BPH4 PCa PCa Healthy 5.8 Healthy PCa Healthy 9.6 
BPH5 Healthy PCa Healthy 2.4 N/A N/A N/A N/A 
BPH6 PCa PCa Healthy 5.1 Healthy PCa Healthy 4.8 
BPH7 PCa PCa Healthy 6.9 Healthy PCa Healthy 4.2 
BPH8 PCa PCa Healthy 3.7 N/A N/A N/A N/A 
BPH9 Healthy N/A Healthy 4.3 Healthy PCa PCa 10.5 

BPH10 Healthy PCa Healthy 5.1 PCa N/A PCa 9.8 
BPH11 Healthy PCa Healthy 7.4 Healthy PCa PCa 4.2 
BPH12 Healthy PCa Healthy 3.8 Healthy PCa Healthy 9.4 

Candidate Biomarker(s) Sensitivity 
(%) 

Specificity 
(%) 

Fibronectin 75 50 
TP53INP2 76 7 

Fibronectin/TP53INP2 47 53 
Fibronectin/TP53INP2/PSA 35 73 
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Candidates for a Prostate Cancer Biomarker Panel 

To evaluate the potential for using the aberrant expression of a combination of 

genes for diagnosing PCa, sensitivity and specificity values for each of the protein-coding 

transcripts (Fibronectin and TP53INP2 mRNA) both separately and in-tandem, and in 

combination with each of the non-coding transcripts (miR-1825 and miR-484), again 

either separately or in-tandem, were calculated.  Calculations were based on expression 

data and medical records (clinical diagnoses) from both PCa and BPH samples, collected 

both initially and after two years.  

By comparing the expression data against the clinical diagnoses (Table 30 and 

Table 31), the sensitivity and specificity associated with each combination of targets (for 

diagnosing PCa) was determined.  The following criteria were applied: patients with a 

positive clinical diagnosis and exhibiting deregulation of Fibronectin with any of the 

miRNAs (either separately or in tandem) or exhibiting deregulation of TP53INP2 with 

any of the miRNAs (either separately or in tandem), or exhibiting deregulation of all of 

them at the same time were considered true positives; patients with a positive clinical 

diagnosis and not exhibiting deregulation of any of the coding genes (separately) or not 

exhibiting deregulation of even just one (in tandem), in combination with any of the non-

coding genes (either separately or in tandem) were considered false negatives; with a 

negative clinical diagnosis and exhibiting deregulation of any coding gene (either 

separately or in tandem) in combination with any non-coding gene (either separately or in 

tandem) were considered false positives; and samples with a negative clinical diagnosis 

and not exhibiting deregulation of any of the coding genes (separately) or not exhibiting 
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deregulation of just one (in tandem), in combination with any of the non-coding genes 

(either separately or in tandem) were considered true negatives. 

By applying the above-mentioned criteria, the sensitivity and specificity for using 

deregulation in combinations of: Fibronectin, TP53INP2, miR-1825, miR-484 for 

diagnosing PCa were determined.  In particular, when combining both Fibronectin 

mRNA down-regulation and miR-1825 up-regulation for diagnosing PCa, a sensitivity 

and specificity of 65% and 81% were respectively achieved.  When Fibronectin down-

regulation was combined with miR-484 down-regulation, a sensitivity of 75% and a 

specificity of 50% were observed.  Furthermore, when all three were combined 

(Fibronectin / miR-1825 / miR-484) the resultant sensitivity and specificity for detecting 

PCa was 60% and 81%, respectively.   

When TP53INP2 mRNA down-regulation was combined with miR-1825 up-

regulation, a sensitivity of 71% and a specificity of 80% were achieved; whereas when 

TP53INP2 mRNA down-regulation was combined with miR-484 down-regulation, a 

sensitivity and specificity of 59% and 27% were respectively observed.  Moreover when 

deregulation of all three was combined (TP53INP2 / miR-1825 / miR-484), the resultant 

sensitivity and specificity was 53% and 87%, respectively.  

When deregulation of Fibronectin, TP53INP2 and miR-1825 were combined to 

detect PCa, a sensitivity of 41% and specificity of 87% were observed; however when 

down-regulation of Fibronectin was combined with down-regulation of TP53INP2 and 

miR-484, a sensitivity and specificity of 47% and 53% were respectively observed.  And 

finally, when deregulation of all four genes was combined (Fibronectin / TP53INP2 / 
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miR/1825 / miR-484), a sensitivity of 24% and a specificity of 87% were obtained.  

Table 32 summarizes the diagnostic utility for both coding and non-coding gene 

combinations for diagnosing PCa. 

Table 30 Diagnosing PCa by Assessing Deregulation of Coding & Non-Coding Genes in 
Initial Samples.   

 
Table 31 Diagnosing PCa by Assessing Deregulation of Coding & Non-Coding Genes in 
Samples Collected After Two Years.   
 

Sample 
ID 

Urine Collected After 2 Years  
LOG2 Fold Change (BPH / Average Control) 

Clinical Diagnosis 
for PCa 

Serum PSA 
Levels (ng/mL) Fibronectin TP53INP2 miR-

1825 
miR-
484 

BPH1 PCa PCa Healthy PCa PCa 3.9 
BPH2 N/A N/A N/A N/A N/A N/A 
BPH3 N/A N/A N/A N/A N/A N/A 
BPH4 Healthy PCa Healthy Healthy Healthy 9.6 
BPH5 N/A N/A N/A N/A N/A N/A 
BPH6 Healthy PCa Healthy PCa Healthy 4.8 
BPH7 Healthy PCa PCa Healthy Healthy 4.2 
BPH8 N/A N/A N/A N/A N/A N/A 
BPH9 Healthy PCa Healthy Healthy PCa 10.5 

BPH10 PCa Healthy Healthy PCa PCa 9.8 
BPH11 Healthy PCa PCa PCa PCa 4.2 
BPH12 Healthy PCa Healthy Healthy Healthy 9.4 

Sample 
ID 

Initial Urine Collection  
LOG2 Fold Change (BPH / Average Control) 

Clinical Diagnosis 
for PCa 

Serum PSA Levels 
(ng/mL) Fibronectin TP53INP2 miR-

1825 
miR-
484 

BPH1 PCa PCa PCa PCa Healthy 4.3 
BPH2 PCa PCa PCa PCa Healthy 5.6 
BPH3 PCa PCa Healthy PCa Healthy 3.9 
BPH4 PCa PCa Healthy PCa Healthy 5.8 
BPH5 Healthy PCa Healthy PCa Healthy 2.4 
BPH6 PCa PCa Healthy PCa Healthy 5.1 
BPH7 PCa PCa Healthy PCa Healthy 6.9 
BPH8 PCa PCa Healthy PCa Healthy 3.7 
BPH9 Healthy Healthy PCa PCa Healthy 4.3 

BPH10 Healthy PCa Healthy PCa Healthy 5.1 
BPH11 Healthy PCa Healthy PCa Healthy 7.4 
BPH12 Healthy PCa PCa PCa Healthy 3.8 
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Table 32 Diagnostic Utility of Coding and Non-Coding Candidates Towards Diagnosing 
PCa. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Candidate Biomarker(s) Sensitivity (%) Specificity (%) 
Fibronectin / miR-1825 65 81 
Fibronectin / miR-484 75 50 

Fibronectin / miR-1825 / miR-484 60 81 
TP53INP2 / miR-1825 71 80 
TP53INP2 / miR-484 59 27 

TP53INP2 / miR-1825 / miR-484 53 87 
Fibronectin / TP53INP2 / miR-1825 41 87 
Fibronectin / TP53INP2 / miR-484 47 53 

Fibronectin / TP53INP2 / miR/1825 / miR-484 24 87 
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Discussion 
A diagnostic cancer biomarker is any detectable molecule that is either A) 

uniquely produced by cancerous cells or B) generated by non-cancerous cells as a 

response to cancer.  Such molecules represent, at their most fundamental level, the 

presence of cancer.  Modern high-throughput approaches to the biological sciences have 

resulted in candidate cancer biomarkers being discovered in various bodily fluids, 

including: whole blood, plasma, serum, saliva and urine (Srinivas et al., 2001).  An ideal 

cancer biomarker is one that is cancer-specific, collected non-invasively, is relatively 

inexpensive to quantify and is expressed early on in cancer progression (Pepe et al., 

2001).  Having at least one highly sensitive and specific screening marker for each type 

of cancer would improve the success of treatments and drastically reduce cancer’s burden 

on society (Pepe et al., 2001).  It is unlikely however that a single biomarker will be able 

to provide the sensitivity and specificity required for the early detection of all instances of 

a given cancer.  Even cancers of the same organ can vary tremendously from patient to 

patient, a direct result of the numerous combinations of mutations that can originally give 

rise to a particular tumour (Kelloff and Sigman, 2012).  Therefore, it is far more likely 

that a panel of biomarkers, targeting variations in multiple independent pathways, will 

ultimately succeed at becoming an “ideal” cancer biomarker (Wagner et al., 2004).   

Two current markers that illustrate the weakness of single generic biomarkers are 

PSA and AFP.  Prostate-Specific Antigen (PSA) is typically plagued by low specificity, 

since in addition to identifying individuals with PCa, it also flags many men with non-

cancerous conditions such as BPH and prostatitis (Perrotti, 2001).  AFP (α-fetoprotein) 

on the other hand is an example of a biomarker with low sensitivity.  Routinely used for 
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detecting liver cancer, also known as hepatocellular carcinoma (HCC), it is only effective 

at detecting large tumours and misses many early-stage HCC patients (Izzo et al., 1999).  

The lack of dependable single-plex biomarkers has resulted in an increased demand for 

more sensitive and specific cancer biomarkers (Diamandis, 2010; 2012). 

Prostate cancer is ubiquitous, being the most common non-cutaneous cancer in 

men worldwide (Jemal et al, 2008; Howlader et al., 2012).  Worldwide over 660,000 new 

cases of PCa are diagnosed each year, representing nearly 10% of all newly diagnosed 

cancers in men (Stefano et al., 2012).  A positive correlation exists between the incidence 

of PCa and age; approximately 35% of PCa diagnoses are made in men between the ages 

of 60 and 69, and ~46% of diagnoses are made in men between the ages of 70 and 81, 

whereas only ~19% of diagnoses are made in men younger than 60 (Yin et al., 2008).  It 

was discovered fairly early on that environmental factors including diet could play a role 

in a man’s risk for PCa (Dunn, 1975).  As for genetic-based risk factors, it was shown 

that men with a brother or father with PCa were at greater risk of being diagnosed early 

on, while those men with multiple affected first-degree relatives were at even higher risk 

(Carter et al., 1992).   

PSA-based assays including the Prostate Health Index (PHI) are the only FDA-

approved screening tools for aiding in the detection of PCa (Catalona et al., 1991; 

http://www.globenewswire.com/newsroom/news.html?d=260289).  Due to its widespread 

use, PSA is reported to be one of the most important markers for the detection, staging, 

and monitoring of PCa (Polascik et al., 1999; Rao et al., 2008).  Serum PSA testing for 

the early detection of PCa has a sensitivity of around 86% and a specificity of 

approximately 33%, depending on patient's age and local prevalence of disease (Woolf, 
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2001; Hoffman et al., 2002).  PSA‘s poor specificity (for PCa) means that on its own, it 

has difficulty differentiating between BPH, localized and metastatic PCa.  As a result, 

only between 28% and 35% of asymptomatic men with a PSA level > 4.0ng/mL are 

actually diagnosed with PCa, and about two thirds of all positive PSA tests are actually 

incorrect (Woolf, 2001).  These problems have formed the basis for much controversy 

surrounding PSA’s use as a regular blood-based screening tool for PCa (Oh et al., 2003; 

Chou et al., 2011).  As such, the search for novel PCa biomarkers, especially from non-

invasive fluids, has been ongoing (Pisitkin et al., 2006; Truong et al., 2012). 

Recent years have witnessed the emergence of urine as a non-invasive source for 

cancer biomarkers.  Urine is an easily accessible reservoir of novel and ultimately non-

invasive biomarkers for the early detection of many cancers (Pisitkun et al., 2006).  As a 

filtrate of blood, urine offers a similar, albeit diluted and usually fragmented proteomic 

profile (Theodorescu and Mischak, 2007; Nagaraj and Mann, 2011).  Changes in an 

individual’s blood proteome, as a result of any process including pathologies, are also 

likely to be mirrored in the individual’s urine (Barratt and Topham, 2007).  To illustrate, 

a number of diseases have successfully been diagnosed based on predictions made from 

urinary biomarkers including acute pancreatitis (Comte et al., 2006), early ovarian cancer 

(Chambers and Vanderhyden, 2006), and non-small-cell lung cancer (Tantipaiboonwong 

et al., 2005).  Urine is therefore anticipated to be a very important sample source in the 

future, useful for detecting various types of systemic disease (Barratt and Topham, 2007).      

In addition to the many filtered serum proteins, urine also contains systemically 

circulating nucleic acids (Botezatu et al., 2000).  Plasma/serum-circulating DNA 

normally originates from cells undergoing apoptosis.  Levels of these apoptotic DNAs 
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tend to increase during carcinogenesis, as well as during many other diseases (Fournie et 

al., 1993).  As an example of their utility, in 2004 Su et al. identified various cancer-

specific DNA signatures that were shown to emanate from various tumours types.  

Furthermore such signatures were shown to be identifiable from the urine of patients 

harbouring the specified tumours (Su et al., 2004).  Despite the many advantages that 

urine offers, especially as a non-invasive, minimally infectious sample source, urinary 

nucleic acids have yet to be thoroughly investigated for their use as cancer biomarkers.  

This may be due in part to their typically low concentrations that have thus far limited 

their use in the field of diagnostics (Bryzgunova et al., 2006). 

This study was therefore designed to make exclusive use of urine in the discovery 

of potential targets that merit further investigation towards the accurate and sensitive 

diagnosis and discrimination of PCa from BPH.  A multi-faceted approach was followed 

with the ultimate goal of a urine-based PCa biomarker.  As such, urinary proteins and 

nucleic acids including microRNA and DNA were analyzed for this purpose.                 

DNA-Based Prostate Cancer Biomarker Approach 

Elevated levels of circulating cfDNA have previously been observed among a 

variety of cancers (Stroun et al., 1987; Maebo, 1990).  One study even found levels of 

cfDNA to be significantly elevated in the blood of melanoma patients when compared to 

healthy controls (Taback et al., 2004).  To be of use in diagnostics however, a marker 

must be able to predict cancer.  Towards this goal, one group found non-small-cell lung 

cancer patients to have, on average, eight times the plasma concentration of cell-free 

DNA as healthy individuals.  They were then able to use their data to retrospectively 
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predict lung cancer.  The predictive strength, expressed as the area under a receiver-

operating curve, was 0.94 (1 is ideal and 0.5 is equivalent to guessing) (Sozzi et al., 

2003).  Unfortunately few if any such studies have been undertaken on PCa patients, 

especially using urine as an analyte.    

 One of the aims of this study was to evaluate the usefulness of quantifying 

urinary apoptotic nucleic acid levels for predicting PCa, including among BPH patients.  

Toward this end, initial measurements of urinary apoptotic nucleic acids showed that, on 

average, urine samples collected from patients with PCa contained significantly higher 

concentrations of uaNAs than those collected from the control group.  Furthermore, of 

urine samples initially collected from individuals with BPH, uaNA concentrations were 

also found to be higher, though not significantly, to those in the healthy control group.  

The origin of the elevated levels of uaNAs that were found among PCa urine 

samples was assumed to be, among other potential sources, prostate tumor cells that were 

induced to undergo apoptosis.  This assumption was based on a few reasons. Firstly, it 

has been suggested that rates of apoptosis tend to increase as cancer progresses and the 

number of malignant cells begins to increase (Tomasevic et al., 1999; Canman and 

Kastan, 1997; Jahr et al., 2001).  Despite the fact that typical cancer cells are themselves 

usually less likely than normal cells to apoptose, elevated rates of apoptosis are likely 

due, at least in part, to the body’s response to cancer (Ellinger et al., 2011).  Secondly, 

elevated levels of cell-free DNA have been well documented in the circulation of PCa 

patients, reviewed by Ellinger et al. in 2011.  And thirdly, researchers have successfully 

predicted that low-molecular weight DNA fragments would be able to cross the renal 

barrier and end up in the urine (Botezatu et al., 2000; Su et al., 2006; Melkonyan et al., 
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2008).  Therefore the observation of elevated levels of low-molecular weight nucleic 

acids in the urine samples initially collected from PCa patients would seem to agree with 

the literature. 

Several studies have been published evaluating the relationship between 

concentration of circulating cell-free nucleic acids and cancer status (Table 33).  Many of 

these studies reported mean concentrations of cell-free plasma DNA for healthy 

individuals between 0 and 100ng/mL, while in cancer patients, levels were usually much 

higher, anywhere from between 20 and 500ng/mL.  It has also been reported that patients 

with PCa who have a PSA level between at least 4 and 20ng/mL were much more likely 

to present with elevated levels of plasma cell-free DNA - on average between 458 ± 

790ng/mL (n=51).  This again contrasts to healthy individuals where a mean of only 57 ± 

30ng/mL (n=74) was observed (Wu et al., 2002).   

The plasma/serum ranges that were reported by Wu et al. (2002) seem to mirror 

this study’s findings from urine, which observed a mean DNA concentration of 

176.9ng/mL for the original PCa samples and a mean of 54.56ng/mL for the healthy 

control samples.  These elevated levels of urinary DNA, apparently on par with plasma 

levels, might offer an additional advantage over blood-based testing, useful for any 

eventual nucleic acid-based screening test. 
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Table 33 Publications Correlating Circulating Cell-Free DNA with Cancer. 
 
 

Method of 
Quantification 

Sample Processing 
Described Sample Type Reference 

Radioimmunoassay Yes Serum Leon et al., 1977 

Radioimmunoassay No Serum Shapiro et al., 
1983 

UV absorbance No Plasma Stroun et al., 1989 
Competitive PCR Yes Plasma Jahr et al., 2001 

DNA Dipstick Yes Plasma Sozzi et al., 2001 
Picogreen No Serum/Plasma Wu et al., 2002 

Real-time PCR and 
Picogreen Yes Plasma and 

Serum 
Thijssen et al. 

2002 
UV absorbance Yes Plasma Chun et al., 2006 

 

In order to further evaluate levels of uaNAs, and since PSA is currently approved 

as a screening tool for the early detection of PCa (Catalona et al., 1991), serum PSA was 

correlated to levels of uaNAs in the PCa samples.  Unfortunately, a strong positive 

correlation was not observed between the two variables.  The same correlation was 

performed for BPH samples and again the same trend was observed; i.e. levels of uaNAs 

within the BPH group did not positively nor strongly correlate with PSA.  The lack of a 

strong correlation between serum PSA and levels of urinary low-molecular weight 

nucleic acids was not surprising since neither variable is known to be highly specific for 

PCa - PSA itself only has a specificity of 33% (Hoffman et al., 2002), and elevated levels 

of circulating cell-free DNA are common to other malignancies (Wu et al., 2002).  

As part of the two-year follow-up and to further validate the initial findings, 

additional urine samples were collected from most of the original PCa and BPH patients.  

To this end, urinary DNA was isolated and quantified according to established 

procedures.  Surprisingly this time around the average concentration of uaNAs in the PCa 

group was only 33ng/mL, significantly lower than the average of 176.9ng/mL that was 
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observed for the same individuals just two years prior.  Unlike before however, levels of 

uaNAs in the PCa group were no longer significantly higher than those from the healthy 

control group.  Similarly, levels of uaNAs in newly collected PCa samples did not 

correlate with the updated PSA values that were also acquired as part of the two year 

follow up.  This apparent reduction in uaNAs over time might have been a consequence 

of changes that occurred in many of the cancer patients with respect to their disease over 

the course of the two years.  What remained relatively consistent over time however were 

the levels of uaNAs among the BPH patients, which after two years averaged 96.5ng/mL, 

not significantly different from the mean of 105.3ng/mL just two years prior.  

Interestingly, uaNA levels in the BPH group were significantly higher than those in the 

newly collected PCa samples, a result of the much lower levels observed in many of the 

cancer samples.  

Thus far, uaNA levels are on their own not sufficient to successfully diagnose 

PCa.  It may however be possible to use uaNA levels to help discriminate PCa from BPH.  

This study’s data from urine agrees with and goes further than Chun et al.’s work from 

2006, which made use of among other data, levels of plasma cfDNA to predict the result 

of biopsy in men already suspected of PCa.  This work highlights the promise of 

extending Chun et al.’s work to urine, in many ways a superior sample source, while also 

raising the possibility that cfDNA from urine might, over time, mirror cancer progression.  

This study presents a novel view of urinary apoptotic nucleic acids, among PCa 

and BPH patients, in a longitudinal fashion.  This work could be continued by collecting 

additional urine samples at more frequent intervals and over longer period of time.  

Further studies ought to target the source and cause of the elevated levels of cell-free 
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DNA that seemed to occur in many of the PCa samples.  With further validation, urinary 

nucleic acids might also be useful for reducing unnecessary biopsies among BPH 

patients.  Ultimately, urinary nucleic acids might still form the basis of a novel 

monitoring tool and might even be useful for screening for the early detection of PCa. 

 

MicroRNA-Based Prostate Cancer Biomarker Approach 

MicroRNAs (miRNAs) are a class of short (~22nt), single stranded RNA 

molecules that function as post-transcriptional regulators of gene expression (Bartel, 

2009).  MiRNAs can regulate a variety of important biological pathways, including 

cellular proliferation, differentiation and apoptosis (He and Hannon, 2004).  MiRNAs 

have also been found to play a significant role in carcinogenesis (Cho, 2007).  They do so 

via their ability to function as regulators of tumour suppressors and oncogenes (Esquela-

Kerscher and Slack, 2006).  As a result of their regulatory nature, patterns of miRNA 

expression appear to be tissue and even tumour specific (Lagos-Quintana et al., 2002).  

Moreover, profiling of miRNA expression patterns was shown to be more useful than the 

equivalent mRNA profiles for characterizing poorly differentiated tumours (Lu et al., 

2005).  As such, miRNA expression “signatures” are expected to offer serious potential 

for diagnosing and prognosing cancers of any provenance (Yanaihara et al., 2006; Lu et 

al., 2005). 

In 2006 Volinia et al. published an analysis of miRNA expression patterning that 

was derived from 56 prostate tumours as well as tissues from 7 healthy individuals - 

together they identified 39 miRNAs that were commonly up-regulated and 6 that were 

commonly down-regulated among the cancerous samples (Volinia et al., 2006).  
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Deregulation in PCa, of at least some of the same miRNAs was again observed, when in 

2008 Ambs et al. published their observations (also using tissue samples) (Ambs et al., 

2008).  Together these studies would seem to suggest that the up-regulation of miRNAs: 

32; 26a; 196a; 181a; 25; 93; 92; let-7i and the down-regulation of miRNAs: 218; and 128 

might be a common occurrence in at least some prostate tumours.   

Another study to look at miRNAs in PCa appears to shed light on how some 

miRNAs might become deregulated (Porkka et al., 2007).  In their study, Porkka et al. 

analyzed miRNA expression in 6 PCa cell lines, 9 PCa xenografts, 4 BPH tissue samples, 

5 untreated prostatic carcinoma tissue samples and 4 hormone-refractory prostatic 

carcinoma samples.  Predictably, they observed deregulation among a number of 

miRNAs, albeit with results that varied from the previously mentioned studies.  Porkka et 

al. then suggested that miRNA profiling appeared to correlate with androgen receptor 

status.  More importantly their study highlighted an interesting trend: that there may be a 

relationship between deregulation of a miRNA and its copy number in the genome 

(Porkka et al., 2007).  This trend had also been noticed previously and is detailed in a 

separate report on genetic aberrations in PCa (Saramaki et al., 2006).  

MiRNAs that were observed as being deregulated in Porkka’s study seem to 

contrast with those identified as being deregulated in both Volinia and Ambs’ studies.  Of 

the microRNAs identified by Porkka’s group, only up-regulation in miRNAs 184 and 198 

and down-regulation in let-7a was in agreement with Volinia’s data.  Whereas between 

Porkka and Ambs’ studies, the only agreement was that both miRNAs 205 and 221 were 

down-regulated in PCa.  While differences in methodology and sampling likely form the 

basis for such inconsistencies, it is through studies like these that an association between 
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PCa and several miRNAs has been tentatively established (Coppola et al., 2010).  To date 

however, no miRNA-based diagnostic test has yet been approved for the early detection 

of PCa.  Figure 36 summarizes those miRNAs that are currently suspected of playing a 

role in the development or progression of PCa; the miRNA’s target and function are also 

displayed (Coppola et al., 2010).  

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 36 MicroRNAs suspected of being involved in PCa, their putative targets and 
functions. (From Coppola et al., 2010) 

The aim of the RNA-based approach in this study was to investigate the potential 

for using deregulation of urinary miRNAs in order to detect PCa or differentiate it from 

BPH.  Profiling of pooled miRNA expression revealed that several miRNAs were 

differentially expressed between PCa, BPH and the healthy control group.  Importantly, 

eighteen miRNAs were identified as being significantly deregulated among the three 

groups.  In order to narrow the scope of the study, TargetScan and MiRanda databases 
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were utilized for the identification of putative targets to the differentially expressed 

microRNAs, for the purpose of determining how each microRNA might be involved with 

cancer (Griffiths-Jones et al., 2006; Lewis et al., 2003).  This step revealed that 

microRNAs 1234, 1238, 1913, 489-5p, 1825, 484, 483-5p and 498 were possibly playing 

a definable role in the development, progression or suppression of PCa, and for miR-498, 

possibly in BPH as well.  

Interestingly, miR-1234 (which was found to be down-regulated in PCa versus the 

pooled healthy control) was found to potentially regulate the Disabled homolog 2-

interaction protein (DAB2IP).  DAB2IP is thought to be a tumour suppressor gene and is 

noticeably down-regulated in a number of PCa cell lines (Chen et al., 2002; Chen et al., 

2003; Wang et al., 2002).  A single nucleotide polymorphic variant of DAB2IP 

(rs1571801) is reportedly associated with an aggressive phenotype in PCa (Duggan et al., 

2007).  Aberrant methylation of the DAB2IP promoter region has also been reported as a 

reason for its transcriptional silencing in PCa and hence progression of the disease (Chen 

et al., 2003).   

Curiously, in this study’s pooled data miR-1234 was observed to be down-

regulated in PCa relative to the healthy control, as opposed to up-regulated as might have 

been expected if miR-1234 was acting to silence the translation of DAB2IP, which 

appears to be common in some PCas.  When expression levels were assayed by RT-qPCR 

among individual PCa samples, 25% actually showed up-regulation relative to the 

average healthy level.  This is of course possible since the previously pooled samples 

represented an average signal for all patients.  The up-regulation of miR-1234 that was 

observed among individual cancer samples might have been responsible for the down-
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regulation of DAB2IP.  In 2003 Chen et al. reported that down-regulation of DAB2IP in 

PCa was the result of aberrant methylation of the DAB2IP promoter region.  Here it is 

proposed that the up-regulation of miR-1234 might be an alternative mechanism for the 

down-regulation DAB2IP. 

Of some of the other deregulated microRNAs, miRs 1238 and 1913 might 

possibly regulate SAM/SH3 domain-containing protein 1 (SASH1) and Heparan Sulfate 

Proteoglycan 2 (HSPG2), respectively, whereas miR-483-5p is predicted to target 

Selenoprotein-O and miR-486-5p, tumour necrosis factor receptor (CD40).  Of these 

targets, SASH1 and HSPG2 are commonly affected in various cancers.   

SASH1 has previously been reported as a candidate tumour suppressor gene, 

common to breast cancer (Zeller et al., 2003).  Down-regulation of SASH1 has also been 

reported in aggressive and metastatic cancers, such that its down-regulation was 

prognostic of poor survival among breast cancer patients (Zeller et al., 2003).  Heparan 

Sulphate Proteoglycan-2 (HSPG2) on the other hand has been implicated in a variety of 

processes, including maintenance of epithelial basement membrane integrity, growth 

factor binding and signaling, cellular differentiation, angiogenesis, neuro-muscular 

function and bone development.  HSPG2 can bind to several other basement membrane 

proteins, including laminin-1, fibronectin, nidogen, PRELP, and collagen IV, via its core 

protein or heparin sulphate side-chains (Sasaki et al., 1998; Bengtsson et al., 2002).  The 

loss of HSPG2 and associated basement membrane structure is sometimes indicative of 

cancer, as can be the case in some invasive breast cancers (Nerlich et al., 1997).   
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In this study both miR-1238 and miR-1913 were found to be over-expressed in 

38% of the initial PCa samples.  Their up-regulation therefore might potentially have 

been causing the down-regulation of their putative targets.  This mechanism might help 

explain the observations of lower than normal levels of SASH1 and HSPG2, as can be 

observed in some cancers (Zeller et al., 2003; Nerlich et al., 1997). 

Another microRNA, miR-1825, observed as deregulated by microarray, putatively 

targets member-1 of the Discoidin Domain family of Receptors (DDR1).  This miRNA 

was identified as being up-regulated in 88% of the initial PCa samples, a seemingly 

common event.  Over-expression of DDR1 has been reported in many epithelial-cell 

cancers; DDR1 therefore likely plays an important role in tumourigenesis (Weiner et al., 

2000; Rikova et al., 2007).  DDR1 over-expression was reported to be prognostic of poor 

survival in several cohorts of patients with brain, breast, or lung cancers (Yang et al., 

2010).  Since DDR1 is a putative oncogene, it is proposed that miR-1825 might function 

as a tumor-suppressor by normally or in response to cancer, inhibiting DDR1’s 

translation.  Since a majority of PCa samples (88%) showed up-regulation of miR-1825, 

it is possible that these cancers might have developed independently of DDR1.  It is 

therefore proposed that deregulation of miR-1825 might be a potential mechanism for the 

deregulation of DDR1, an event common to some cancers. 

MiR-484, another miRNA identified by microarray as being deregulated in PCa, 

may regulate the expression of the E3 ubiquitin-protein ligase (UBR5).  UBR5 is thought 

to be involved with DNA repair (Henderson et al., 2006) and has even reportedly been 

associated with cancer progression (Clancy et al., 2003).  Clancy et al. reported on the 

over-expression of a potentially mutated version of UBR5 found in breast and ovarian 
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cancers and whose deregulation was cited as a possible cause of malignant progression 

(Clancy et al., 2003).  Here RT-qPCR data show a down-regulation in miR-484 among 

75% of PCa patients.  This down-regulation might even cause the over-expression of 

miR-484’s putative target, UBR5, possibly resulting in cancer progression.  It is therefore 

being proposed that miR-484 might function as a tumor-suppressor, whereby its 

expression controls progression via the regulation of genes, such as UBR5, that have 

already been potentially associated with cancer progression (Clancy et al., 2003). 

Based on the aforementioned trends regarding the observed deregulation of 

miRNAs among individual PCa samples, two of the seven miRNAs were selected for 

further evaluation among BPH samples.  Because miR-1825 was observed to be up-

regulated in 88% of the initial PCa samples and because miR-484 was observed to be 

down-regulated in 75%, it was thought that their deregulation might have been indicative 

of PCa.  In support of this supposition, the putative target for miR-1825 is DDR1, a 

potential oncogene, while miR-484 potentially regulates UBR5, another putative 

oncogene.  Since BPH is commonly misdiagnosed as PCa (Hoffman et al., 2002) and 

leads to many unnecessary biopsies, and because first time prostate biopsies can miss 

cancer approximately 20% of the time (Shariat and Roehrborn, 2008; Presti, 2007), it 

became important to evaluate any potential biomarker in samples collected from BPH 

patients. 

Using RT-qPCR, the levels of both miR-1825 and miR-484 were evaluated in all 

twelve urine samples that were initially collected from the BPH cohort, none of whom 

had at that time yet been diagnosed with PCa.  Data showed that (similar to the PCa 

samples) miR-484 was down-regulated in the majority of the initially collected BPH 
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samples.  Interestingly however, miR-1825 was only up-regulated in 25% of them (four 

BPH samples).  These numbers coupled with the fact that prostate biopsy can 

occasionally miss PCa (Shariat and Roehrborn, 2008; Presti, 2007) suggest that some of 

the BPH patients might have possibly had or been in the process of developing PCa; 

alternatively it may have been indicative of a lack of specificity.  In order to distinguish 

between these possibilities, the medical records for many of the BPH patients were 

updated two years after the initial collection; as well, additional urine samples were also 

collected.   

Upon assessment of miRNA expression among those newly collected BPH 

samples, miR-1845 was only observed to be up-regulated in 25% of the cohort.  In 

addition; miR-484 was also observed to be down-regulated, though this time in only 50% 

of BPH samples as opposed to 100% of them.  Importantly, coupled to these new 

expression levels, the updated medical records indicated that four of the eight BPH 

patients had been diagnosed with PCa within the last two years. 

By combining the original diagnoses and expression levels with the updated 

levels and medical records, the ability of miR-1845 and/or miR-484 deregulation to 

predict PCa was investigated.  The sensitivity and specificity of using miR-1825 up-

regulation and/or miR-484 down-regulation to detect PCa was calculated.  This 

calculation revealed that deregulation of miR-1825 was 60% sensitive and 69% specific 

for detecting PCa, whereas miR-484 deregulation was 80% sensitive but only 19% 

specific.  When both were combined, the sensitivity and specificity was 45% and 75%, 

respectively.  And finally, the sensitivity and specificity for a panel including: miR-1825, 

miR-484 and PSA (at a 4.0ng/mL cutoff) were 40% and 81%, respectively. 
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Despite the marginal diagnostic qualities of these microRNAs, the sensitivity of 

miR-484 was on par with - and the specificity of all except miR-484 were superior to - 

the literature reported values for PSA testing (sensitivity of 86% and specificity of 33%, 

Hoffman et al., 2002).  It is therefore proposed that these signatures might (with further 

validation) ultimately be useful for detecting PCa. 

Interestingly, this study has also identified another miRNA, miR-498, whose 

deregulation might be more indicative of BPH than PCa.  Initially miR-498 was detected 

by microarray as being primarily down-regulated in the pooled BPH sample (relative to 

the healthy control).  Also notable was that, according to the microarray, miR-498 was at 

least slightly up-regulated in PCa.  When the TargetScan database was consulted it 

became clear that miR-498 might regulate the expression of the histone demethylase, 

JHDM1D. 

JHDM1D or jumonji-C domain-containing histone demethylase-1 homolog D is 

suspected of being involved in the epigenetic regulation of gene expression (Klose et al., 

2006).  Furthermore JHDM1D might regulate neural differentiation and development in 

mammals (Tsukada et al., 2010).  Importantly however, it has recently been reported that 

up-regulation of JHDM1D is an important factor towards suppressing cancer’s 

progression and might occur due to elevated levels of JHDM1D inhibiting angiogenesis 

(Osawa et al., 2011).  The results of this study seem to support this role for JHDM1D, 

since miR-498 was found to be highly up-regulated in one of the initial PCa samples.  It 

is therefore possible that this particular cancer may have been more aggressive than some 

of the others.  It is also feasible that the some of the other initial PCa samples that 

expressed low levels of miR-498 were less aggressive, due to the supposed role of 
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JHDM1D in restricting angiogenesis.  It is of course still possible for cancer to inhibit 

JHDM1D epigenetically and thus induce the growth of new blood vessels.  However 

based on miR-498’s predicted regulation of JHDM1D, it is hypothesized that miR-498 

up-regulation may be prognostic of an aggressive phenotype in PCa. 

More interestingly perhaps was that 92% (or eleven of the twelve) initial BPH 

samples expressed lower than normal levels of miR-498.  Since high levels of JHDM1D 

and thought to inhibit angiogenesis (a process necessary for the expansion of cancerous 

tumours), it may not be surprising that many of the BPH samples expressed low levels of 

the miRNA, and by extension, high levels of JHDM1D.  It is possible that these lower 

than normal levels were representative of an effort by the body to reduce angiogenesis, 

perhaps in an attempt to maintain the size of the benign prostate and maybe even prevent 

it from growing any larger (by inhibiting continued growth of vasculature). 

Even more interesting was that down-regulation of miR-498 was highly sensitive 

and moderately specific for BPH (88% and 60% respectively), such that if miR-498 

down-regulation (cutoff of two fold below average healthy levels) was used to predict 

biopsy, unnecessary biopsies would have been reduced by a factor of twelve among BPH 

patients.  Unfortunately this would have been at the expense of missing more true 

instances of PCa (by recommending against biopsy in those cases).  If however miR-498 

down-regulation was also prognostic of indolent PCa, it is possible that cancers missed 

via this method would not have as large an impact as might be expected.  It is therefore 

proposed that miR-498 might be useful for distinguishing PCa from BPH and even 

reducing unnecessary biopsies resultant from a false positive PSA test. 



Taha Haj-Ahmad                                                                                                    Prostate Cancer Biomarker                                                                                                

 156 

Protein-Based Prostate Cancer Biomarker Approach 

Proteomics studies are useful for identifying cancer biomarkers.  Traditional 

techniques such as two-dimensional gel electrophoresis have typically been used for this 

purpose - in one instance to identify proteins uniquely expressed by androgen stimulation 

of PCa cells (Nelson et al., 2000).  In contrast, more modern proteomics studies rely on 

either protein microarray or mass spectrometry to identify specific proteins; both of 

which have also been successfully employed towards the study of cancer, including PCa 

(Sreekumar et al., 2004; Petricoin et al., 2002a).  Nonetheless, the number of successful 

high-throughput studies that have assessed proteins, especially from the urine of patients 

with PCa and/or BPH has been minimal (Downes et al., 2006).  Therefore in this study, 

urinary proteins were evaluated by liquid chromatography coupled to tandem mass 

spectrometry to identify promising protein candidates for a PCa biomarker. 

Firstly however, total urinary proteins were quantified using the Bradford 

assay.  Results suggested that at least initially, both PCa and BPH patients had 

significantly higher concentrations on average, than did individuals from the healthy 

control group.  Although protein levels were higher in PCa patients than in BPH patients, 

they were not significantly higher.  Follow-up among the same patients two years later 

gave a mirroring of the results obtained for uaNA concentrations; the cancer group saw a 

significant drop in protein levels after two years while the BPH group maintained 

relatively constant levels.  This elevated level of protein (proteinuria), observed in a 

number of the initially collected PCa, and many of the BPH urine samples, was likely a 

general indicator of poor health.  This theory has precedence in the literature, as 

proteinuria has also been observed for various cancers previously (Rudman et al., 
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1978).   Accordingly, the observed reduction in total proteins among PCa patients after 

two years would seem to indicate that they were in better health, possibly a result of 

successful treatment.  Subsequent examination of electrophoretic banding patterns 

revealed that at least some of the proteinuria was likely due to the presence of proteins 

between 30 and 50kDa in size. 

In order to identify those proteins and others that were differentially expressed 

between the groups, a “bottom-up” shotgun-based analysis using LC-MS/MS was 

employed.  Proteins, pooled into three samples (PCa, BPH and Control) were analyzed 

using LC-MS/MS to reveal 1514, 2527, 2062 respective spectra.  From these spectra, a 

total of 31 proteins were identified in the PCa sample, 41 in the BPH and 28 in the 

control.  One protein, Tamm-Horsfall Protein (Uromodulin), was common to all three 

groups.  Uromodulin is one of the most abundant proteins in urine (Wright et al., 2005; 

Serafini-Cessi et al., 2003; Nagaraj and Mann, 2011) and normally runs as a monomer 

around 68kDa on denaturing gels.  It is therefore likely that uromodulin, at least in part, 

formed the band that was observed near 66kDa in many of the samples from this study.  

Some authors have suggested that depleting abundant proteins before profiling might help 

to elucidate rare proteins that can be masked by the presence of proteins in such high 

abundance (Poon and Johnson, 2001; Pisitkun et al., 2006).  Unfortunately depleting 

highly abundant proteins, which can act as transporters or carriers of other 

macromolecules, can also lead to the loss of other potentially important proteins (Mehta 

et al., 2003). 

Importantly, pooled analysis identified at least two proteins, found only in the 

cancer sample, that are acknowledged in the literature as potentially being involved with 
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cancer: Cadherin-1 (E-Cadherin) and Fibronectin precursor proteins.  In many cancers, 

the down-regulation or complete loss of E-Cadherin is reported to correlate to tumour 

malignancy (Birchmeier and Behrens, 1994).  Lack of E-Cadherin, an epithelial 

glycoprotein, which mediates cell-cell adhesion (Kemler, 1993), has even been associated 

with a poor prognosis in PCa patients (Umbas et al., 1994; Richmond et al., 1997).  

Furthermore, a decrease in E-Cadherin expression has been associated with an invasive 

and metastatic phenotype, also in PCa (Vleminkx et al., 1991; Siitonen et al., 1996; 

Richmond et al., 1997).  In light of its potential contribution to the development and 

progression of PCa, and to assess its utility as a candidate biomarker for PCa, Cadherin-1 

was selected for further evaluation among individual urine samples. 

Fibronectin, another protein identified via pooled analysis, is normally present in 

the Extracellular Matrix (ECM) (Bosman and Stamenkovic, 2003).  ECM normally also 

contains adhesion molecules such as laminins, fibronectins, glycoproteins, chondroitins, 

heparin sulfate, collagens, tenascins, proteoglycans, etc. that together complete a complex 

network that forms the basis of connective tissues.  Furthermore these molecules are 

typically produced locally and by cells that are adjacent to the ECM (Bosman and 

Stamenkovic, 2003).  The ECM serves a diverse role, aiding in anything from the 

regulation of cellular differentiation to migration, tissue remodeling and even helping to 

maintain tissue integrity (Jiang et al., 1994).  The ECM and its components have also 

been shown to play an important role during invasion and metastasis of malignant cells 

throughout the body (Jiang et al., 1994).  Normally it is integrins (cell membrane protein) 

that connect cells, including prostatic epithelial cells, to the ECM by binding to 

fibronectin already present in the matrix (Hynes, 1992).  This interaction is required for 
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proper assembly of fibronectin in the matrix, something that is very important for ECM 

organization and stability (Schwarzbauer and Desimone, 2011; Sottile and Hocking, 

2002).  Cancer typically involves an epithelial to mesenchymal transition (EMT), 

whereby malignant cells can now break loose of their defined position within the 

microenvironment.  This is usually associated with the loss of E-Cadherin and disruption 

of local ECM (Weinberg, 2006).  To do this, cells not only decrease expression of E-

Cadherin but also reduce their expression of integrins, and alter their secretion of ECM 

components; something that has been shown to occur in invasive PCas (Goel et al., 2008; 

Knudsen and Miranti, 2008).  It has also been reported that in poorly differentiated PCas, 

the expression of Fibronectin is significantly reduced, thereby weakening the ECM itself 

(Albrecht et al., 1999).  Loss or significant down-regulation of Fibronectin has therefore 

been proposed as a mechanism for cancer’s malignant nature, whereby cancer cells are 

more readily able to detach from a tumour mass before spreading elsewhere (Jia et al., 

2012).  In light of Fibronectin’s role in cancer progression, particularly with regards to 

published observations made in PCa, and since it was identified only in the pooled PCa 

sample (as assessed by mass spectrometry), Fibronectin was selected for further analysis 

(to assess its candidacy as a potential biomarker for PCa) among the individual urine 

samples collected during this study. 

Another protein, tumour protein-53 induced nuclear protein-2 (TP53INP2), was 

notably absent from the pooled control but present among both the pooled BPH and PCa 

samples.  TP53INP2 is thought to be a scaffold protein that is normally expressed upon 

induction by the p53 tumour suppressor protein (Nowak and Iovanna, 2009).  TP53INP2 

is required for proper autophagy (Nowak et al., 2009), a process that occurs when a cell 
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recycles old materials by engulphing them into a lipid membrane and then fusing said 

membrane with lysosomes, ultimately catabolizing the contents (Rubinsztein et al., 

2005).  Autophagy is also known to occur during programmed cell death (Rubinsztein et 

al., 2005), one of the responses p53 is known to regulate (Mirzayans et al., 2012).  

Importantly, TP53INP2 is thought to possess tumour suppressor-like functionality, which 

might help explain why in pre- and neoplastic cervical cancers it is the target of various 

microRNAs that block its expression (Pereira et al., 2010).  Possibly as a result of the 

same mechanism, it was observed that in some instances of colorectal cancer p53 was 

unable to induce expression of TP53INP2 (Staub et al., 2006).  TP53INP2 has also been 

observed at unusually low levels in some PCas (Schlomm et al., 2008).  Furthermore, in a 

PCa cell line (LNCaP), the drug Genistein, normally used to treat PCa, was shown to up-

regulate TP53INP2, among other genes (Merchant et al., 2011).  Moreover, it has also 

been proposed that the occurrence of a specific splice variant of TP53INP2 might be a 

necessary event in order for malignant cells to invade the ECM (Moran-Jones et al., 

2009).  Finally, in 2007 a patent was filed that described using measurements of 

TP53INP2, among other targets, as part of a multivariate signature to monitor the 

progression of PCa (Poustka, 2007).  Therefore based on TP53INP2’s potential role in 

cancer, and because it was commonly identified in both pooled PCa and BPH samples, it 

was selected for analysis among individual samples to assess its candidacy as a potential 

PCa biomarker. 

Based on the aforementioned evidence regarding the selected proteins (Cadherin-

1, Fibronectin, TP53INP2) and their probable involvement in the development or 

progression of malignancy, their utility towards diagnosing PCa was investigated.  Since 
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Cadherin-1 and Fibronectin were, according to LC-MS/MS data, found only in the PCa 

group and TP53INP2 in BPH and PCa, Western blotting was employed to determine their 

presence among the individual samples.  Not surprisingly, none of the samples produced 

an observable band at any of the expected molecular weights.  This can potentially be 

explained by the fact that serum circulating proteins usually do not cross the kidney 

barrier, except as peptides or fragments of less than 30kDa (Theodorescu and Mischak, 

2007).  Since these proteins were not observed by Western blot among any of the 

samples, and because they were initially detected as fragments in the bottom-up approach 

taken, it can be concluded that full size proteins or fragments thereof were at too low a 

concentration to be detected by Western Blotting (detection limit of ≥ 17pg).  At least one 

PCa sample, however, must have contained Cadherin-1, Fibronectin and TP53INP2 and 

at least one BPH sample must have contained TP53INP2 (or fragments thereof) in their 

urine.  Low concentrations of macromolecules are one of the disadvantages of urine as a 

biomarker source and may therefore limit its utility in any Western-based screening 

assay. 

As a consequence of the low specific-protein concentrations, the expression level 

of the selected candidate’s mRNA (Cadherin-1, Fibronectin and TP53INP2) was assessed 

on a sample-by-sample basis via RT-qPCR.  The first candidate that was investigated by 

RT-qPCR was Cadherin-1.  Initially observed only in pooled PCa by mass spectrometry, 

Cadherin-1 mRNA was later found to be down-regulated (relative to the average of the 

healthy group) among a majority of the initially collected PCa samples (63%), but 

remained unchanged in 13% and even up-regulated in 13% of samples.  Assuming 

elevated levels of mRNA correlate to elevated levels of protein, then an up-regulation of 
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Cadherin-1 mRNA in just one patient would explain why it was observed at all in the 

mass spectrometry data for pooled PCa proteins.  A down-regulation of Cadherin-1 is 

reported in the literature to correlate with general tumour invasiveness (Birchmeier and 

Behrens, 1994).  Down-regulation has also been associated with metastases in PCa and is 

therefore (as was shown in the literature) an indicator of poor prognosis among PCa 

patients (Richmond et al., 1997).  Since down-regulation of Cadherin-1 is likely a 

prognostic, as opposed to diagnostic, factor and because it was not strictly down-

regulated in a strong majority of cancer patients, it was considered a second-rate 

candidate for future testing. 

As for Fibronectin, differential expression profiling of its mRNA transcript 

among initially collected PCa samples revealed down-regulation across 88% of samples 

and up-regulation among none.  The RT-qPCR data on Fibronectin mRNA expression 

would seem to agree with LC-MS/MS data suggesting that at least one PCa patient 

presented with fragments of fibronectin in their urine.  RT-qPCR data also complements 

a report in the literature suggesting that down-regulation or complete loss of Fibronectin 

can promote tumour invasiveness by allowing malignant cells to more easily detach from 

a tumour mass (Jia et al., 2012).  Due to its putative role in cancer progression and 

because Fibronectin mRNA was deregulated among a large majority of samples and up-

regulated among none, it was selected for further assessment among BPH samples. 

TP53INP2, reportedly down-regulated in PCa (Schlomm et al., 2008), was found 

in both PCa and BPH but interestingly not in control samples when pooled samples were 

assessed by LC-MS/MS.  To investigate this trend, levels of TP53INP2 mRNA were 

assessed for differential expression in PCa samples by RT-qPCR.  Unsurprisingly, 
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TP53INP2 mRNA was down-regulated in 50% of the initially collected PCa samples and 

up-regulated in none of them.  These results further agree with Poustka, who in 2007 

proposed using the deregulation of TP53INP2 as part of a multivariate signature to 

monitor progression in PCa patients.  Due to TP53INP2’s likely role in PCa and because 

LC-MS/MS data alluded to its presence in the BPH cohort, some of whom were 

ultimately diagnosed with PCa, TP53INP2 was selected for further evaluation among 

BPH patients. 

Since down-regulation of both Fibronectin and TP53INP2 were observed among a 

large percentage of the initially collected PCa samples and due to their suggested roles in 

cancer found in the literature, the differential expression of Fibronectin and TP53INP2 

mRNA was evaluated among BPH samples.  Comparing Fibronectin and TP53INP2 

mRNA levels in the BPH samples to the average healthy group level revealed a down-

regulation among a number of the BPH patients, some of whom were subsequently 

suspected of and then diagnosed with PCa (BPH1, BPH9, BPH10 and BPH11).  

Furthermore, differential expression profiling of both transcripts in urine collected from 

the same patients (both PCa and BPH) after two years seemed to confirm the 

observations made initially.  Since deregulation of Fibronectin and/or TP53INP2 might 

have foreshadowed a diagnosis of PCa among some of the BPH patients, down-

regulation in urine is tentatively proposed as an indicator for PCa that may ultimately be 

useful for diagnosing or differentiating PCa from BPH. 

In order to validate the diagnostic potential of Fibronectin and TP53INP2 mRNA 

deregulation for predicting PCa, medical records including PSA levels and clinical 

diagnoses were updated as part of a two-year follow-up.  Both genes differed 
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substantially in their ability to accurately detect PCa.  At least two-fold down-regulation 

of Fibronectin mRNA showed the most potential for diagnosing PCa; it had a sensitivity 

of 75% and specificity of 50%.  Fibronectin mRNA deregulation was often successful at 

identifying PCa samples as positive, but slightly less successful at designating patients 

with benign disease as negatives.  Altogether, Fibronectin displayed a strong ability to 

predict PCa.  The predictive nature of Fibronectin deregulation might reflect its role in 

the ECM as an essential regulator of cellular differentiation, migration, and tissue 

remodeling and integrity (Jiang et al., 1994).  Interestingly, using urinary Fibronectin 

mRNA down-regulation to predict PCa resulted in a more specific, albeit less sensitive 

test than traditional PSA testing, which has a sensitivity and specificity of 86% and 33% 

at the FDA recommended threshold of ≥4ng/mL of blood (Hoffman et al., 2002).  The 

improvement in specificity rises dramatically when compared to PSA at a cutoff of 

≥2.5ng/mL (98.2% sensitivity and 16.6% specificity) (Martins et al., 2002).  As for 

TP53INP2 on the other hand, its down-regulation was moderately sensitive (75%), 

identifying many patients with PCa, but was entirely non-specific (7%), designating 

many of the benign samples as malignant and being unable to accurately identify more 

than one negative. 

To improve the chances of accurately predicting PCa, various combinations of the 

identified candidates were evaluated.  The sensitivity and specificity for combining both 

Fibronectin and TP53INP2 down-regulation to detect PCa was 47% and 53%, 

respectively.  Interestingly this combination successfully designated at least one of the 

malignant and 50% of benign samples within the updated BPH cohort; PSA on the other 



Taha Haj-Ahmad                                                                                                    Prostate Cancer Biomarker                                                                                                

 165 

hand might have correctly designated 75% of those cancers but unfortunately would not 

have cleared any of the negatives.   

When both mRNA-based protein candidates were combined with PSA (cutoff 

≥4ng/mL), specificity was increased to 73%; at the same time sensitivity was reduced to 

35%.  Thus far the protein-based approach has identified at least one potential candidate 

that merits further study towards the accurate detection of PCa.  And although these early 

results indicate a reasonable sensitivity and specificity, further studies must still be 

conducted using a larger pool of samples collected over a longer period of time both 

before and after disease has progressed, to validate their roles in PCa.  Employing urine, 

as in this study, as the basis for a screening assay would be a convenient and non-invasive 

way to screen more men, and potentially reduce unnecessary biopsies by differentiating 

PCa from BPH, and if PCa is diagnosed earlier, possibly even reduce PCa mortality rates 

as well. 
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Conclusion and Significance 

This study has shown that urine is a suitable sample source for the isolation of 

macromolecules that were ultimately useful for generating promising PCa-specific 

nucleic acid and proteomic signatures.  Building on recent trends in the literature, several 

promising candidates have been demonstrated.  With further validation, some might 

prove to be useful for discriminating PCa from BPH or possibly even diagnosing PCa 

itself. 

Of the non-coding candidates, miR-484 on its own had the highest sensitivity 

(80%), while the combination of miR-1825 and miR-484 showed the highest specificity 

(75%), for detecting PCa from among those individuals already suspected of the disease.  

While the specificity of miR-484 (19%), and the sensitivity of the miR-1825/miR-484 

panel (45%) were not ideal, their corresponding sensitivity and specificity values (80% 

and 75% respectively) were, separately, comparable to and tentatively superior to serum 

PSA’s (90% and 25% empirically determined sensitivity and specificity).  This study is 

one of a select few to demonstrate the potential of urinary miRNAs as biomarkers of 

disease.  And although one combination (miR-484/miR1825) yielded an improved 

specificity to PSA, no single miRNA candidate was identified that, on its own, was 

superior to PSA in all measures.  Interestingly, a separate non-coding candidate, miR-

498, was identified as being useful for detecting BPH at an 88% sensitivity and a 60% 

specificity, and by extension was also useful for reducing unnecessary biopsies among 

individuals already suspected of PCa. 
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In the protein-based approach, a single marker, Fibronectin mRNA down-

regulation, was identified as offering improved specificity (50%) over PSA, albeit with a 

slightly lower although still acceptable sensitivity (75%) for detecting PCa.  The 

diagnostic potential of Fibronectin mRNA might be a reflection of its role in the ECM as 

an essential regulator of cellular differentiation, migration, tissue remodeling and 

integrity. 

When the individual markers were combined into various panels for detecting 

PCa, it was the tandem down-regulation of TP53INP2 and miR-1825 that showed the 

best all-around diagnostic value.  Using deregulation of both transcripts to diagnose PCa 

resulted in a sensitivity of 71% and a specificity of 80%.  Another panel comparable to 

PSA was the use of tandem deregulation in Fibronectin, miR-1825 and miR-484, which 

together resulted in a sensitivity of 60% and a specificity of 81% for diagnosing PCa.  

Finally, using deregulation of both coding (Fibronectin & TP53INP2) and non-coding 

(miR-484 & miR-1825) transcripts to diagnose PCa yielded a sensitivity of 24% and a 

specificity of 87%.  In general, the candidate markers identified thus far compare 

favourably with this study’s experimentally determined values for PSA testing, calculated 

from the same set of individuals (90% and 25% respective sensitivity and specificity).  

In addition to the diagnostic value of the four candidates (Fibronectin, TP53INP2, 

miR-1825, miR-484), miRs 1825 and 484 might both function as tumour suppressor 

genes.  Bioinformatics suggest that miR-1825 might target, through sequence 

complementarity, DDR1, a putative oncogene, and since miR-1825 was up-regulated in 

PCa samples, it might have been as a response to cancer.  Furthermore since miR-484 

putatively targets UBR5, another potential oncogene, and because miR-484 was down-
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regulated among PCa samples, its deregulation might have been promoting cancer.  

These signatures should be validated on a larger scale in order to confirm their 

occurrence in PCa, and then to investigate the mechanisms behind their deregulation. 

In conclusion, this study has prospectively examined urine as a sample source for 

novel biomarkers for PCa and/or BPH.  This exploratory study has identified several 

possible targets that merit further investigation towards the development and validation of 

diagnostically useful, non-invasive, urine-based tests that might not only help diagnose 

PCa but also possibly help differentiate it from BPH.  Being able to differentiate PCa 

from BPH would certainly help to reduce the number of unnecessary biopsies being 

performed.  The significance of this work is also amplified by the sample source from 

which these candidates were derived, urine.  Again the main advantage of using urine as a 

sample source is that it offers a non-invasive and mostly non-infectious window into a 

patient’s biology. 
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Appendix 

Appendix A. Questionnaire for Sample Collection 

Questionnaire for Urine Sample Collection 
1. Sample number  

2. Name  
3. Address  

4. Location 
City                ¨ 
Rural              ¨ 

5. Telephone  
6. Age  

7. Sex 
Male               ¨ 
Female            ¨ 

8. Number of Children  
9. Profession  

10. Daily Habits Smoking Yes   ¨ No   ¨ 
11. Recent Serological Tests   

12. Medical History 

Hepatitis C virus Yes   ¨ No   ¨  
Hepatitis B virus  Yes   ¨ No   ¨  
Schistosomiasis Yes   ¨ No   ¨   
Kidney diseases Yes   ¨ No   ¨   

Diabetes mellitus Yes   ¨ No   ¨ 
PSA Levels                             (ng/mL) 

      17. Additional Information 
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Appendix B. Patient’s Clinical Pathological Parameters 

Appendix B1 Clinical Parameters of Prostate Cancer Patients (First 

Collection) 

Patient 
ID HCV HBV Schistosomiasis Kidney 

diseases 
Diabetes 
mellitus Smoking Age Sex PSA 

(ng/mL) 
PCa 1 -ve -ve -ve -ve -ve +ve 71 M 8.6 
PCa 2 -ve -ve -ve -ve -ve -ve 64 M 4.5 
PCa 3 -ve -ve -ve -ve -ve -ve 54 M 10.2 
PCa 4 -ve -ve -ve -ve -ve -ve 59 M 6.8 
PCa 5 -ve -ve -ve -ve -ve -ve 75 M 3.4 
PCa 6 -ve -ve -ve -ve -ve -ve 62 M 7.3 
PCa 7 -ve -ve -ve -ve -ve -ve 54 M 11.8 
PCa 8 -ve -ve -ve -ve -ve +ve 67 M 10.7 

 

Appendix B2 Clinical Parameters of Prostate Cancer Patients (Second 

Collection: Two Years from the First Collection) 

Patient 
ID HCV HBV Schistosomiasis Kidney 

diseases 
Diabetes 
mellitus Smoking Age Sex PSA 

(ng/mL) 
PCa 1 -ve -ve -ve -ve -ve +ve 73 M 9.3 
PCa 2 -ve -ve -ve -ve -ve -ve 66 M 5.4 
PCa 3 -ve -ve -ve -ve -ve -ve 56 M 7.1 
PCa 4 -ve -ve -ve -ve -ve -ve 61 M 8.2 
PCa 5 -ve -ve -ve -ve -ve -ve 77 M 4.8 
PCa 6 -ve -ve -ve -ve -ve -ve 64 M 6.7 
PCa 7 -ve -ve -ve -ve -ve -ve 56 M 9.8 
PCa 8 -ve -ve -ve -ve -ve +ve 69 M 11.5 
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Appendix B3 Clinical Parameters of BPH Patients (First Collection) 

Patient 
ID HCV HBV Schistosomiasis Kidney 

diseases 
Diabetes 
mellitus Smoking Age Sex PSA 

(ng/mL) 
BPH 1 -ve -ve -ve -ve -ve +ve 56 M 4.3 
BPH 2 -ve -ve -ve -ve -ve -ve 63 M 5.6 
BPH 3 -ve -ve -ve -ve -ve -ve 64 M 3.9 
BPH 4 -ve -ve -ve -ve -ve -ve 55 M 5.8 
BPH 5 -ve -ve -ve -ve -ve -ve 63 M 2.4 
BPH 6 -ve -ve -ve -ve -ve -ve 55 M 5.1 
BPH 7 -ve -ve -ve -ve -ve -ve 59 M 6.9 
BPH 8 -ve -ve -ve -ve -ve +ve 61 M 3.7 
BPH 9 -ve -ve -ve -ve -ve -ve 64 M 4.3 
BPH10 -ve -ve -ve -ve -ve -ve 56 M 5.1 
BPH11 -ve -ve -ve -ve -ve -ve 54 M 7.4 
BPH12 -ve -ve -ve -ve -ve -ve 57 M 3.8 
 
 

Appendix B4 Clinical Parameters of BPH Patients (Second Collection; 

Two Years from First Collection) 

Patient 
ID HCV HBV Schistosomiasis Kidney 

diseases 
Diabetes 
mellitus Smoking Age Sex PSA 

(ng/mL) 
BPH 1 -ve -ve -ve -ve -ve +ve 58 M 3.9 
BPH 2 N/A N/A N/A N/A N/A N/A N/A N/A N/A 
BPH 3 N/A N/A N/A N/A N/A N/A N/A N/A N/A 
BPH 4 -ve -ve -ve -ve -ve -ve 57 M 9.6 
BPH 5 N/A N/A N/A N/A N/A N/A N/A N/A N/A 
BPH 6 -ve -ve -ve -ve -ve -ve 57 M 4.8 
BPH 7 -ve -ve -ve -ve -ve -ve 61 M 4.2 
BPH 8 N/A N/A N/A N/A N/A N/A N/A N/A N/A 
BPH 9 -ve -ve -ve -ve -ve -ve 66 M 10.5 
BPH10 -ve -ve -ve -ve -ve -ve 58 M 9.8 
BPH11 -ve -ve -ve -ve -ve -ve 56 M 4.2 
BPH12 -ve -ve -ve -ve -ve -ve 59 M 9.4 
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