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ABSTRACT 

The lack of specificity of prostate specific antigen emphasizes the need for a 

highly specific, sensitive and reliable marker with effective diagnostic predictability in 

curbing prostate cancer (PCa) at an early stage.  In the present study, candidate protein 

biomarkers were identified when serum and urine samples of patients with PCa, those 

with benign prostatic hyperplasia (BPH) and controls (for the latter) were profiled using 

gel- and lectin-based proteomics approaches.  

In the first part of the study, significantly reduced levels of apolipoprotein AII 

and complement C3 beta chain fragment were demonstrated in the profiles of patients 

with PCa when their neat serum and those with BPH patients were separately subjected 

to two-dimensional electrophoresis (2-DE) and image analysis.  Subsequently, when 2-

DE resolved sera of subjects were electrotransferred onto NC membrane, probed with 

enzyme-conjugated champedak galactose binding (CGB) lectin and analysed by 

densitometry, only inter-alpha-trypsin inhibitor heavy chain 4 fragment (ITIH4f) was 

found to be significantly reduced in abundance in PCa patients.  Alternatively, when 

pooled serum of patients were subjected to affinity isolation using immobilized CGB 

lectin and analysed by 2-DE and densitometry, enhanced abundance of high molecular 

weight kininogen, alpha-1-antitrypsin and transthyretin were detected in sera of PCa 

patients compared to those with BPH. 

In the second part of the study, when acetone-precipitated urine of PCa and 

BPH patients as well as age-matched controls were separately subjected to 2-DE and 

image analysis, significantly lower abundance of urinary saposin B and two different 

fragments of ITI light chain (ITIL), namely, ITILf1 and ITILf2, were demonstrated in 

PCa patients compared to controls.  Abundance of ITILf2 fragment was also found to be 

significantly decreased in patients with PCa compared to BPH patients.  When image 
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analysis was similarly performed on 2-DE resolved urinary proteins that were 

electrotransferred on NC membranes and detected using CGB lectin, ITIH4f was 

significantly enhanced in urine of PCa patients compared to controls.  This finding was 

in contrast to the data observed in sera of PCa subjects.  

In the final part of the study, pooled serum and urine obtained from patients 

with BPH and PCa as well as controls were subjected either to lectin- or immuno-

blotting techniques and densitometric analysis, as a means of validation.  When probed 

with enzyme-conjugated CGB lectin or anti-bikunin + trypstatin antibody, levels of 

abundance of serum ITIH4f and urinary proteins including ITIH4f, ITILf1 and ITILf2 

of subjects were generally comparable with the previously generated data via 2-DE, 

with little variation in levels of significance.  However, when taken together as indices, 

densitometric ratio of (i) serum to urinary ITIH4f, (ii) urinary ITIH4f to ITILf1 and (iii) 

urinary ITIH4f to ITILf2 peptide fragments showed marked segregating differences in 

indices for different groups of subjects.  Furthermore, individual mean ratio indices 

between all PCa and BPH patients or controls were found not to overlap thus, 

highlighting strong discriminatory powers of the indices in effectively differentiating 

PCa from non-cancer conditions.  Nonetheless, potential use of these indices as 

diagnostic markers in early detection of PCa requires prior extensive validation on 

clinically representative populations.  
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ABSTRAK 

 

Kekurangan kekhususan antigen spesifik prostat menekankan keperluan suatu 

penanda yang amat khusus, sensitif dan berguna berserta dengan kebolehramalan 

diagnostik yang berkesan untuk membendung kanser prostat (PCa) di peringkat awal.  

Dalam kajian ini, calon penanda protein telah dikenalpasti apabila sampel serum dan 

urin pesakit PCa, pengidap hiperplasia prostat benigna (BPH) dan subjek kawalan 

(bahagian kedua kajian) diprofil menggunakan pendekatan proteomik berasaskan gel 

dan lektin.   

Pada bahagian pertama kajian, penurunan aras apolipoprotein AII dan 

pecahan rantai beta komplemen C3 yang signifikan telah ditunjukkan pada profil 

pesakit PCa apabila sampel serum mereka dan pesakit BPH dipisahkan melalui 

electroforesis dwi-dimensi (2-DE), diikuti dengan analisis imej.  Seterusnya, apabila 

serum subjek yang telah dipisah melalui 2-DE dipindahkan secara elektro ke atas 

membran  nitroselulosa (NC), diprob dengan lektin pengikat galaktosa cempedak 

(CGB) yang dikonjugat enzim dan dianalisa melalui densitometri, hanya serpihan rantai 

berat 4 inter-alfa-perencat tripsin (ITIH4f) didapati menurun jumlahnya dengan 

signifikan dalam pesakit PCa berbanding pesakit BPH.  Secara alternatif, apabila 

sampel serum yang dikumpul daripada pesakit dipisahkan secara afiniti menggunakan 

lektin CGB yang diimobilisasikan dan dianalisa melalui 2-DE dan densitometri, 

peningkatan jumlah tiga kluster tompok protein, termasuk kininogen berberat molekul 

tinggi, alfa-1-antitripsin dan transtiretin dikesan dalam serum pesakit PCa berbanding 

pesakit BPH.   

 Pada bahagian kedua kajian, apabila urin pesakit PCa, pengidap BPH dan 

subjek kawalan yang berada dalam lingkungan usia yang sama yang dimendap aseton 

dipisahkan melalui 2-DE dan dianalisis, penurunan jumlah pengumpulan saposin B dan 
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dua pecahan ITI rantai ringan berbeza urin yang dinamai ITILf1 dan ITILf2 yang 

signifikan didedahkan dalam pesakit PCa berbanding kawalan.  Selain itu, jumlah 

pecahan ITILf2 turut menurun dengan signifikan dalam pesakit PCa berbanding 

pengidap BPH.  Apabila analisis imej dijalankan ke atas protein urin yang dipisah 2-DE 

yang telah dipindahkan ke atas membran NC dan dicam menggunakan lektin CGB, 

terdapat peningkatan ITIH4f yang signifikan dalam urin pesakit PCa berbanding 

kawalan.  Penemuan ini adalah bertentangan dengan data diperoleh daripada analisis 

serum subjek PCa. 

Pada bahagian akhir kajian, sampel serum dan urin terkumpul yang diperoleh 

daripada pesakit BPH dan pesakit PCa dan subjek kawalan telah dianalisis samaada 

menggunakan teknik pemblotan lektin atau imuno dan analisis densitometri sebagai 

kaedah pengesahan.  Apabila diprob menggunakan lektin CGB terkonjugat enzim atau 

antibodi poliklonal anti-bikunin + tripstatin, paras jumlah ITIH4f serum dan protein urin 

termasuk ITILf1 dan ITILf2 pada kumpulan-kumpulan subjek didapati secara umumnya 

adalah sama dengan data yang dihasil sebelumnya melalui 2-DE, dengan sedikit 

perbezaaan pada paras signifikans. Walaubagaimanapun, apabila dilihat bersama 

sebagai indeks nisbah densitometri, pecahan peptida-peptida (i) ITIH4f serum kepada 

urin, (ii) ITIH4f urin kepada ITILf1 urin dan, (iii) ITIH4f urin kepada ITILf2 urin 

menunjukkan perbezaan pemisahan yang ketara bagi kumpulan subjek yang berbeza.  

Seterusnya, indeks purata nisbah individu di antara kesemua pesakit atau kawalan 

didapati tidak bertindih.  Ini menonjolkan kuasa diskriminatori yang tinggi bagi indeks 

berkenaan untuk membezakan PCa daripada keadaan-keadaan bukan kanser yang lain 

secara berkesan.  Walaubagaimanapun, potensi kegunaaan indeks ini bagi pengesanan 

PCa yang awal memerlukan pengesahan yang ekstensif ke atas jumlah subjek yang 

mewakili populasi klinikal. 
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Fuc   - fucose 

G   - Gleason  

Gal    - galactose  

GalNAc   - N-acetylgalactosamine 

Glc   - glucose 

GlcNAc   - N-acetylglucosamine 

GM2A   - ganglioside GM2 activator 

GSTP1   - glutathione S-transferase pi 1 

HAP   - haptoglobin  

HCl   - hydrochloric acid  

HDL-C  - high density lipoprotein-cholesterol 

HPX   - hemopexin 

HRP   - horseradish peroxidase 
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IAA   - iodoacetamide 

ID   - identification 

Ig   - immunoglobulin 

IHC   - immunohistochemistry 

ITI    - inter-α-trypsin inhibitor 

ITIH   - inter-alpha-trypsin inhibitor heavy chain 

ITIL   - inter-alpha-trypsin inhibitor light chain 

kDa    - kilo dalton 

KNG-1  - kininogen-1 

LC    - liquid chromatography  

LRG    - leucine-rich glycoprotein 

M   - molar 

m/z   - mass to charge ratio 

Man   - mannose  

miR   - microRNA 

Mr   - relative molecular weight 

MS   - mass spectrometry 

MS/MS  - tandem mass spectrometry 

MW   - molecular weight 

NC   - nitrocelulose 

NP   - normal phase 

p   - probability 

PBS   - phosphate-buffered saline 

PCa    - prostate cancer  

PCA3   - prostate cancer antigen 3 

PGDS   - prostaglandin-H2 D-isomerase 
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pI   - isoelectric focusing point 

PLC   - perlecan 

PMF   - peptide mass fingerprint  

ppm   - parts per million  

PSA   - prostate specific antigen   

PSAP   - proactivator polypeptide precursor 

PSCA   - prostate stem cell antigen 

PSP94   - prostate secretory protein 

PTGS   - prostaglandin-endoperoxide synthase 

PTM   - post-translational modification  

QMSP   - quantitative methylation specific polymerase chain reaction 

RBP   - retinol binding protein 

RNA   - ribonucleic acid 

RNS2   - non-secretory ribonuclease 

rpm   - revolutions per minute 

RT-PCR  - real time-polymerase chain reaction 

S.E.M   - standard error of the mean   

SD   - standard deviation 

SDS-PAGE  - sodium dodecyl sulphate – polyacrylamide gel electrophoresis 

SELDI   - surface-enhanced laser desorption/ionization 

SPA   - sinapinic acid 

TBS   - tris-buffered saline 

TFA   - trifluoroacetic acid 

THP   - uromodulin 

TNM   - tumour, lymph node, metastasis 

ToF   - time of flight 
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TRF   - serotransferrin 

TRUS   - transrectal ultrasonography 

TTR   - transthyretin 

UMMC  - University of Malaya Medical Centre 

VDP   - vitamin-D binding protein 

ZAG   - zinc-alpha glycoprotein 

 

Abbreviations for standard units of measurement such as length, volume, mass, 

temperature and concentration were omitted from the list. 
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INTRODUCTION 

 

Specific tumour markers for detecting prostate cancer is deemed necessary 

considering the lack of specificity of serum prostate specific antigen (PSA) as a 

biomarker (Barry, 2001; Giri et al., 2007; Thompson et al., 2004; Törnblom et al., 

1999) and inaccurate screening of the prostate of debilitating men via digital rectal 

examination (DRE) (Okotie et al., 2007).  Thus, relying on clinical findings of DRE and 

serum PSA in patients often gives rise to high rates of false-positive results in the 

diagnosis of PCa (Chou et al., 2011; Okotie et al., 2007).  With this in mind, many 

attempts have been made at discovering novel biomarkers for both diagnosis (Benchikh 

et al., 2010; Deras et al., 2008; Jeronimo et al., 2002; Salinas et al., 2009; Vickers et al., 

2010) and prognosis (Ellinger et al., 2008; Huizen et al., 2005; Kollermann et al., 2008; 

Michalaki et al., 2004; Mitchell et al., 2008; Sreekumar et al., 2009; Whitesel et al., 

1984) of PCa.  These efforts encompass all ranges of techniques (e.g., genetics, 

proteomic to bioinformatics) and biological materials (e.g., protein, DNA, RNA, 

microRNA, metabolite, disseminated tumour cell (DTC)) but none had thus far, 

provided solutions in addressing the current issue.  Considering this, there is definitely 

an urgent need to develop an effective and less invasive method to identify highly 

sensitive tumour markers with potentials to detect the occurrence of PCa at an early 

stage as well as to discriminate benign prostatic hyperplasia (BPH), a benign condition 

of the prostate, and men with healthy prostate from PCa.  This in turn, is believed to 

alleviate unnecessary distress and avoid unwarranted medical procedures of those with 

BPH and at the same time, catapulting successful clinical management and ensuring 

favourable outcomes among subjects with ‘true positive’ PCa. 

Lectin is defined as carbohydrate-binding protein other than an enzyme or 

antibody (Barondes, 1988).  Taking into consideration of its sugar binding capabilities, 
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lectins have been extensively utilised in the field of biomedical and biological 

researches (Peumans and van Damme, 1998).  These includes ABO blood typing (Khan 

et al., 2002), detection and classification of polyagglutination of erythrocytes (Horn, 

1999), bacterial typing (Ascencio et al., 1990; Cole et al., 1984; Doyle et al., 1984; 

Yakovleva et al., 2011), karyotyping of chromosomes and evaluation of 

immunocompetence, bone marrow transplantation and enzyme replacement therapy 

(Sharon and Lis, 1993).  Lectins are also used as neuron tracers (Gerfen and 

Sawchenko, 1985; Nakashima et al., 2000) as well as for mediating cell separation 

intended for cell-based therapy (Dodla et al., 2011; Wang et al., 2011).  As probes, 

lectins have been successfully utilised for identification and selection for mutants with 

altered cell surface glycoconjugate compositions (Stanley et al., 1990) and in situ 

identification, localisation and characterisation of various N- and O-linked 

oligosaccharide moieties present in pathological tissues and cells (Allison, 1986; 

Kuhlmann et al., 1983; Spicer and Schulte, 1992).   

Glycosylation, a type of post-translational modification (PTM) that attaches 

saccharide moieties to proteins (or lipids), is the most common type of PTM in 

mammalian cells (Apweiler et al., 1999; Wong, 2005).  Glycosylated proteins in turn, 

modulates a great many number of biological processes such as host-pathogen 

interactions, inflammation and development, via changes in the structures, functions and 

interactions of proteins (Lisowska and Jaskiewicz, 2001).  For example, the mucins, 

viscoelastic mucous gel layer containing large number of O-glycan chains lining the 

luminal surface of the gastrointestinal tract, serve as a protective barrier against the 

harsh luminal environment (Corfield et al., 2000), whilst, glycophorin A that acts as 

decoy receptors, protects erythrocytes from infective agents like viruses and bacteria 

thus, eliciting host-protective interaction with pathogens (Baum et al., 2002).  On the 

other hand, alteration in structural characteristics of the glycan chains (Brockhausen et 
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al., 1998), and levels of glycosylated proteins have also been hugely correlated in 

manifestation and progression of various pathological conditions, including cancer 

(Dennis et al., 1999; Nishimura et al., 1995).  Along this line, lectins had also served as 

a tool for detection of cancer-associated glycosylated proteins and/or specific 

glycoforms of the glycosylated-proteins, to facilitate discovery of cancer biomarkers for 

early diagnostic and prognostic prediction as well as novel therapeutic targets (Dennis et 

al., 1999; Nishimura et al., 1995) thus, maximising chances of survival of subjects with 

cancer with better quality of life.   

The search for new tumour markers is highly accelerated through the use of 

proteomics (Verma and Srivastava, 2003; Wulfkuhle et al., 2003) and glycoproteomics 

technologies (Kim and Misek, 2011).  Instead of relying on single tumour markers, 

these approaches had unravelled series of newly identified biomarkers, which when 

analysed simultaneously may be able to discriminate different types of cancers, their 

stages or monitor the progress of cancer treatment towards patient’s recuperation (Kim 

and Misek, 2011; Verma and Srivastava, 2003; Wulfkuhle et al., 2003).   Proteomic 

allows analysis of protein expression, differential protein modifications and aberration 

in localisation of protein (Srinivas et al., 2001), directly at protein level, following 

transformation of healthy into neoplastic cells, during the development of cancer (Miles 

et al., 2006).   

Two-dimensional gel electrophoresis (2-DE) is the most commonly used gel-

based proteomics technique for differential proteomic profiling and identification of  

candidate (glyco)proteins in biofluids  that  may  be  potentially  used as cancer 

biomarkers (Chevalier, 2010).  Advantages of 2-DE are numerous (Chevalier, 2010).  2-

DE allows separation and fractionation of complex protein mixture (Klose, 1975; 

O'Farrell, 1975) extracted from tissues, cells, and other biological specimens in a single 
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gel with high resolution and efficiency.  It also enables visualisation of hundreds of 

protein spots via staining (e.g., silver and fluorescent dyes such as SYPRO ruby and 

deep purple) (Chevallet et al., 2008; Lopez et al., 2000; Shevchenko et al., 1996) and 

comparative analysis for protein of altered abundances between subject cohorts under 

study using appropriate software (e.g., Delta2D, Image Master, Melanie, PDQuest and 

Progenesis) (Marengo et al., 2005; Millioni et al., 2010; Rosengren et al., 2003).  

Proteins resolved on 2-DE gels generally provide a spectrum of information of each 

protein such as molecular weight, pI, quantity and possible PTMs or processed forms of 

the same protein.  Purification and identification of proteins of interests is also possible, 

if mass spectrometry (MS)-compatible stains are used (Lopez et al., 2000; Shevchenko 

et al., 1996).  Last but not least, 2-DE also allows flexibility in workflow to such a great 

degree, that the resulting 2-DE gels serve as high-capacity ‘storage system’ for long-

term archival of the resolved proteins (Beranova-Giorgianni, 2003). 

Some of the biological fluids that have been mined for cancer biomarkers 

include serum or plasma, urine, cerebrospinal fluid, nipple aspirate fluid and tissue 

secretions.  Among these, proteomic profiling of sera of subjects with cancer is the most 

popular choice of bodily fluids (Hanash et al., 2008).  Additionally, urine is also gaining 

popularity for use in proteomics workflows due to its non-invasive nature of sampling, 

convenience and cost-effectiveness (Hortin and Sviridov, 2007; Pisitkun et al., 2006).   

Alternatively, integration of lectin and lectin-based techniques to the 

commonly used conventional 2-DE approach serves as a beneficial tool for detection 

and evaluation of aberration of glycosylation.  This is in part due to the lectins’ distinct 

carbohydrates recognising and interacting capabilities (Peumans and van Damme, 

1998).  For example, lentil lectin interacts with fucosylated core region of bi- and tri-

antennary complex type N-glycans (Sokolowski et al., 1997) whilst, the lectin isolated 
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from elderberry binds specifically to the N-acetylglucosamine and sialic acid residues 

(Mach et al., 1991).  As such, lectins of plant origin particularly, had been widely used 

for investigation and identification of glycoproteins of altered structure (Brockhausen et 

al., 1998; Sokolowski et al., 1997) and abundance (Abdul-Rahman et al., 2007; 

Abdullah-Soheimi et al., 2010; Doustjalali et al., 2006; Mohamed et al., 2008; Mu et 

al., 2012; Seriramalu et al., 2010).  Better yet, is the incorporation of lectins with 

various other techniques including affinity chromatography (Jung et al., 2009; 

Seriramalu et al., 2010), Western blot (Abdul-Rahman et al., 2007; Rambaruth et al., 

2012), Bio-Plex assay (Li et al., 2013a), protein array (Rosenfeld et al., 2007), 

immunosorbent assays (Li et al., 2013b) and surface enhanced laser 

desorption/ionisation-time of flight (SELDI-ToF)/MS (Zhang et al., 2004) for 

comprehensive analysis of specific changes in glycosylation in biofluids, in the search 

for novel tumour glycoprotein markers (Abdul-Rahman et al., 2007; Seriramalu et al., 

2010; Zhang et al., 2004).     

The lack of specificity of serum PSA and inaccurate DRE findings urgently 

calls for efficient and reliable biomarkers for diagnosis of PCa, which at the same time, 

discriminate PCa from other non-cancer conditions.  With this in mind, the current 

study was undertaken to address setbacks of these currently used biomarkers via 

conventional 2-DE and lectin-based proteomic profiling of unfractionated serum and 

acetone-precipitated urine samples obtained from patients with PCa.  Groups of men 

with BPH as well as age-matched subjects with neither history of prostatic complaints 

nor treatments were included in the study, to serve as controls for comparative analyses.   
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The present study was specifically performed: 

 

1. to analyse differences in serum and urinary protein abundance in the 2-DE 

profile generated by silver analysis and lectin detection methods by image 

analysis using Image Master 2D Platinum Software between groups of 

subjects,  

 

2. to identify the aberrantly expressed proteins and O-glycosylated proteins 

detected from the 2-DE  experiments  using  MS,  

 

3. to confirm the presence and identity of O-glycosylated urinary ITIH4 

fragment of protein detected from the CGB-lectin  probed 2-DE 

electrophoretic approach using CGB-lectin immobilised affinity column 

chromatography and 1D nano-LC coupled to MALDI ToF/ToF, 

 

4. to validate the serum and urinary proteins and O-glycosylated protein of 

altered abundance detected from 2-DE and lectin detection methods using 

immuno- and lectin-blotting techniques. 

 

 Univ
ers

ity
 of

 M
ala

ya



 

7 

2
0
 

LITERATURE REVIEW 

 

2.1. PROSTATE  

2.1.1. Cancer vs Benign  

The prostate is an organ forming part of the male reproductive system.  The 

gland resembles walnut in shape and size.  It consists of both glandular (70%) and 

fibromuscular (30%) tissues, and located below and in front of the bladder and rectum, 

respectively.  The thin, milky secretion produced by the prostate gives semen its 

characteristic colour and odour as well as play a role in the lubrication of the urethra and 

in protection, nourishment, and mobility of the sperm.  

There are four main disorders of the prostate.  These include prostatitis, 

prostatodynia, benign prostatic hyperplasia (BPH) and prostate cancer (PCa).  Prostatitis 

is a condition presented by inflammation of the prostate and/or its surrounding area.  

Acute and chronic bacterial prostatic infections, urethral catheterisation, infection of the 

bladder, and abnormalities in the urinary tract may result in prostatitis.   

Prostatodynia, on the other hand, is a chronic and painful prostatic condition 

but with no apparent evidences of infection caused by microorganisms, thus 

distinguishing itself from prostatitis.  Although poorly understood, neurological 

disorder, viral and past bacterial infections, structural deformities of the urinary tract as 

well as prolonged physiological and psychological stress may predispose men, 

particularly above 50 years of age, to prostatodynia. 

BPH, also known as  benign prostatic hypertrophy, is an aging-associated 

condition (> than 50 years) and clinically presented by non-cancerous (benign) prostate 

gland enlargement due to excessive glandular and stroma proliferation of the prostate 

(Thorpe and Neal, 2003).  This in effect, causes obstructive and irritable lower urinary 

tract symptoms of men with the benign disease.  
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PCa, a slow-growing tumour condition of the prostate, is also a disease that 

predominantly affects men aged more than 50 years.  Like BPH, voiding dysfunction 

due to detrusor muscle underactivity and enlarged prostate gland are common clinical 

features of PCa.  However unlike BPH, uncontrolled cellular growth and activities of 

prostate in subjects with PCa, often result in malignant prostatic glandular cells and 

stroma, instead (Guess, 2001).  PCa are often asymptomatic until the disease progress to 

advanced stages of cancer.  In some cases, subjects of this ‘silent’ cancer does 

demonstrates symptoms including complaints of pain in the lower pelvic area, back, 

hips and upper thighs, polyuria, hematuria, hematospermia, burning sensation during 

urination, urinary hesitancy, painful ejaculation and unexplained weight loss.  Figure 

2.1 shows the anatomical positioning of the prostate and progression of PCa featured by 

the size of the tumour and metastasis (e.g., bone and lymph node). 

 

 

                          Adapted and modified from www.4urology.org 

Figure 2.1. Normal versus cancer of the prostate. 
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2.1.2. Incidences of PCa 

PCa is ranked as the sixth most frequent cancer and the second most 

commonly diagnosed cancers among men (Jemal et al., 2011).  Based on GLOBOCAN 

2008 (Ferlay et al., 2010), PCa incidence and mortality worldwide were estimated to 

approximately 899,000 and 258,000 cases, respectively (Figure 2.2) whilst, projected to 

increase in two-fold by 2030.  Figure 2.2 exhibits age standardized prostate cancer 

incidence and mortality rates stratified according to world area.   

In Malaysia, PCa ranks fourth in the most frequent cancer in men after 

cancers of the bowel, lung and nasopharynx.   The incidences account for 7.3% of the 

total reported cancer cases in male population.  Men belonging to the Chinese ethnic 

group (15.8) had shown the highest age-adjusted incidences followed by the Malaysian 

Indians (14.8) and Malaysian Malays (7.7) per 100,000 population, in that order (Lim et 

al., 2008).  Figure 2.3 demonstrates international comparison of age-standardised 

incidences of PCa among men according to ethnic origins. 

Of note, incidences of PCa were marked lower in Asian men compared to the 

western population as well as Asian men living in the North America and Europe 

(Metcalfe et al., 2008; Miller et al., 2008) with, however, higher proportion of advanced 

stage of PCa at the point of diagnosis.  This had been postulated due to the sub-optimal 

diagnosis and management of subjects with PCa in these regions, in addition to genetic, 

lifestyle and environmental disparities (Ito, 2014), which will be further elaborated in 

Section 2.1.4.  
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                      Source: Globocan, 2008 

Figure 2.2. Age-standardised PCa incidence and mortality rates worldwide. 

 

 

 

               Source: Lim et al., 2008 

Figure 2.3. Age-standardised PCa incidences by ethnic origin. 
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2.1.3. Stages of PCa 

 The designation of prostate cancer staging and grading are determined based 

on American Joint Committee Cancer (AJCC) Staging Manual (AJCC cancer staging 

manual, 2002) that take both the TNM scores and histopathological Gleason (G) into 

consideration.  The TNM system is an expression of the anatomic extent of the primary 

tumour (T), absence or presence and extent of regional lymph node metastasis (N) and 

absence or presence of distant metastasis (M).  The numerical subsets of the TNM 

components (T0, T1, T2… M1), on the other hand, indicates the progressive extent of 

the malignancy.   

Gleason grading patterns (G1 to G5) is generally assigned based on the levels 

of glandular differentiation and pattern of tumour growth in the neoplastic prostatic 

stroma on a hematoxylin and eosin-stained tissue section as shown in Figure 2.4.  The 

histologic score may range between 2 to 10, by summing the scores of two most 

common grade patterns of  the  tumour  growth,  thus,  directly infers the number of 

histopathologic endpoints, including tumour size, margin status, and pathologic stage of 

PCa (Humphrey, 2004).  G1 (scores - 2 to 3) and G2 (score - 3) demonstrates a well-

differentiated tumour growth but with a less well-defined and circumscribed masses of 

stroma, in the latter.  G3 shows moderately differentiated grade of tumour with ill-

defined infiltrating edges, which are the most common pattern of growth of prostatic 

adenocarcinoma (scores - 5 to 7).  A high-grade and poorly differentiated growth of 

carcinoma with raggedly infiltrative masses is indicated by G4 (score - 8).  Last but not 

least, G5 (scores - 9 to 10) has the most pronounced pattern of poorly differentiated 

tumour growth that is highly associated with advanced stage of PCa and metastasis 

(Gleason, 1977).  Table 2.1 shows the anatomic staging and prognostic grouping of 

subjects with PCa according to TNM, Gleason grading and levels of PSA.   
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                                                                                       Source: Adapted from Humprey, 2004. 

Figure 2.4. Gleason’s pattern scale. 

 

2.1.4. Risk factors 

PCa is an aging-associated disease of men, with a mean age of 67.7 at 

diagnosis (American Cancer Society, 2003).  Nevertheless, the influence of PSA 

screening has been thought to contribute to the opposing trend of PCa incidences in men 

under age 50 years, to a certain extent (Li et al., 2012).  In terms of race, the Afro-

Americans have been listed to show the highest rates of PCa worldwide (Jemal et al., 

2011), which  may  be  in  part  due  to  their  ancestry  association  to chromosome 

8q24 (Bock et al., 2009), followed by the whites, Hispanics and Asian or Pacific 

Islanders, in that order (American Cancer Society, 2003).   

The risk for PCa was also found to be doubled by having a father or brother 

harbouring PCa and the magnitude of risk was further marked up to more than 10-fold 

when multiple first degree relatives are affected (Steinberg et al., 1990).  Aside from 

positive family history, genetic variation in the RNASEL gene at chromosome 1q24-25  

Univ
ers

ity
 of

 M
ala

ya



 

13 

2
0
 

Table 2.1. Anatomic and prognostic staging of PCa. 

 

ANATOMIC STAGE/ PROGNOSTIC GROUP 

Group T N M PSA (ng/ml) Gleason 

 

I 

T1a-c N0 M0 < 10 ≤ 6 

T2a N0 M0 < 10 ≤ 6 

T1-2a N0 M0 X X 

      

IIA 

T1a-c N0 M0 < 20 7 

T1a-c N0 M0 ≥ 10 < 20 ≤ 6 

T2a N0 M0 ≥ 10 < 20 ≤ 6 

T2a N0 M0 < 20 7 

T2b N0 M0 < 20 ≤ 7 

T2b N0 M0 X X 

      

IIB 

T2c N0 M0 Any Any 

T1-2 N0 M0 ≥ 20 Any 

T1-2 N0 M0 Any ≤ 8 

      

III T3a-b N0 M0 Any Any 

 

IV 

T4 N0 M0 Any Any 

Any N1 M0 Any Any 

Any Any M1 Any Any 

      

T, tumour;  N, lymph node;  M, metastasis;  X, scores cannot be determined.   

Source: AJCC Cancer Staging Manual, 2002. 
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(Meyer et al., 2010),  somatic  and  germline  polymorphisms  in  the  androgen receptor 

genes (e.g., CAG and GGN repeats (Stanford et al., 1997) and Stu1 (Lu and Danielsen, 

1996)), single nucleotide polymorphisms at Ala49Thr and Val89Leu of the SRD5A2 

gene (Izmirli et al., 2011; Li et al., 2003), germ line mutations in BRCA1 and BRCA2 

(Liede et al., 2004) and HPC1 (Ostrander and Stanford, 2000) have been invariably 

associated with increased risk of PCa. 

Although the incidences of PCa are relatively lower among Asian men, 

interestingly, immigrants from the East Asian countries living in North America (Miller 

et al., 2008) and Europe (Metcalfe et al., 2008) had uncommonly shown higher 

incidences than that in their homeland.  Such observation suggests influence of 

exogenous factors such as diet and lifestyle (Wolk, 2005) and at the same time, 

indicates improved healthcare and cancer registry systems in the Western world 

(Kimura, 2012).   

In contrast to the beneficial effect of lycopene from tomatoes (Giovannucci et 

al., 2002), dietary supplementation with vitamin E (Klein et al., 2011) and high intake 

of animal fat diet (Huang et al., 2012) and calcium (Chan et al., 2001) may significantly 

increase the risk and catapult the progression of PCa, respectively.  Low serum levels of 

hormone testosterone (Mearini et al., 2013), high  coital  rates, particularly before 60 

years    of    age   (Dennis and Dawson, 2002),   high  baseline  of  body  mass   index 

(Calle et al., 2003),  smoking habit (Huncharek et al., 2010), consistent and heavy 

consumption of alcohol (Fillmore et al., 2009), occupational hazard to farming (Meyer 

et al., 2007),  polycyclic aromatic hydrocarbons (Rybicki et al., 2006) and exposure to 

environmental agents like cadmium (Benbrahim-Tallaa et al., 2007) and arsenic 

(Benbrahim-Tallaa and Waalkes, 2008) generally predisposes men to PCa.   
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2.1.5 Screening and diagnosis of PCa 

Urinalysis, uroflowmetry, post-void residual urine, assessment of validated 

International Prostate Symptom Score questionnaire, DRE and quantitative 

measurement of serum PSA (Department of Health and Human Services, 1994) are 

some of the approaches employed in the investigation of lower urinary tract complaints 

of men.  The combined use of DRE and levels of PSA however, have been implemented 

to serve as preliminary diagnosis of men with prostatic complaints (Howlader et al., 

2012; Omar and Tamin, 2011). 

DRE is an internal examination of the lower rectum, where a healthcare 

professional uses a gloved and lubricated finger to palpate and examine for any 

abnormalities.  Aside from disorders of prostate (e.g., BPH and PCa), DRE are also 

often performed for clinical presentation and symptoms which are indicative of 

gastrointestinal (e.g., faecal incontinence, rectal bleeding and tenesmus), neurological 

(e.g., spinal cord injuries) and female gynaecological disorders (e.g., malignancy of the 

reproductive organs, endometriosis and pelvic metastases and abscess) (Shirley and 

Brewster, 2011). 

PSA, also known as human kallikrein 3, a serine protease belonging to the 

kallikrein family of proteases is produced by the prostatic epithelium at extremely high 

levels and secreted into the seminal fluid (approximately 0.5 - 2 g/L) (Wang et al., 

1981).  A mature form of PSA glycoprotein consists of 237 amino acids and a 

carbohydrate chain thus, accounting for molecular weight of 28.4 kDa (Schaller et al., 

1987).  In contrast to normal (prostate) condition, high amounts of PSA are released into 

the circulation from the diseased prostate thus, the apparent increase of serum PSA.  

Interestingly, PSA has also been previously reported to be expressed at low levels in 

extra-prostatic tissues such as urethral and anal glands, (Kamoshida and Tsutsumi, 

Univ
ers

ity
 of

 M
ala

ya



 

16 

2
0
 

1990) and breast (Stenman et al., 1999) but, appeared not to contribute to its levels in 

the serum (Oesterling et al., 1996).  Gene expression and production of PSA in these 

tissues are most likely due to the regulation of steroid hormones including androgen, 

oestrogen, glucocorticoid and progestin (Diamandis and Yu, 1997).   

Although widely used to provide provisional clinical opinion in monitoring as 

well as to detect asymptomatic men for PCa (Greene et al., 2013; Schröder et al., 2009; 

Wolf et al., 2010), the rising controversies over the recommended use of PSA were 

thought to highlight more of potential risks of unnecessary pain and treatments (Chou et 

al., 2011) as well as causing unwarranted medical complications such as impotence, 

urinary incontinence (Arkes and Gaissmaier, 2012), functional bowel disorders and 

infection  than the “supposed benefits” of such exercise (Ablin, 2010; Basch et al., 

2012; Chustecka, 2010; Harris, 2011).  Besides, there are also men with belligerent PCa 

featured biopsy results but had evidentially shown levels of PSA of less than 4 ng/ml 

(Giri et al., 2007; Törnblom et al., 1999).  This is in part, due to lack of specificity of 

PSA, which was previously thought to be exclusive to PCa.  Levels of PSA are seen to 

fluctuate in varying degrees at many instances.  These include clinical conditions such 

as prostatitis, BPH and urinary tract infection, intake of certain drugs (e.g., finasteride 

and dutasteride), certain medical procedures (e.g., prostate biopsy and surgery), 

variations between inter-laboratories tests and not to mention PCa itself, where men 

who had the cancer had both demonstrated high (Barry, 2001) and lower levels of PSA 

(Thompson et al., 2004; Törnblom et al., 1999).  

With this in mind, many improvements have been designed to further 

heighten the accuracy of PSA for the diagnosis of PCa.  These include free versus total 

PSA (Ito et al., 2003), PSA density of the transition zone (Aksoy et al., 2003; Tang et 

al., 2013), age-specific PSA reference ranges (Babaian et al., 1992; Brawer et al., 1992; 
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Collins et al., 1993), PSA velocity (Vickers et al., 2011), PSA doubling time (Sengupta 

et al., 2005) and pro-PSA (Mikolajczyk et al., 2000; Peyromaure et al., 2005) yet, found 

inconclusive due to contradictory reports (Borer et al., 1998; Giannarini et al., 2008; 

Hoffman et al., 2000; O'Brien et al., 2009; Oesterling et al., 1995; Partin et al., 1996).    

Therefore, considering the nature of PSA of being an organ-specific rather 

than a cancer-specific protein (Chou et al., 2011), together with the relatively inaccurate 

DRE reports (Okotie et al., 2007), diagnostic inferences and interpretations for PCa 

based on these findings are needed to be made with extreme caution.  As such, in cases 

of suspicious DRE findings and raised levels of PSA, a transrectal ultrasonography 

(TRUS)-guided biopsy of the prostate gland is additionally performed, to rule out 

malignancy via histopathology examination as well as for grading and staging of PCa 

(Table 2.1), if found.  In the event of a negative result, repeat biopsies are usually 

recommended (Djavan et al., 2001; Durkan et al., 2002) unless, the levels of serum PSA 

are found within the acceptable range (less than 4 ng/ml).  The repeat biopsy is 

generally aimed at overcoming the low sensitivity and positive predictive value of the 

screening method thus, uncovering the ‘missed’ tumours (up to 20-30% of clinically 

significant cancer) harbouring at areas of which (e.g., anterior, midline-transitional zone 

or apex of the prostate gland), that are not routinely sampled by TRUS biopsy (Presti, 

2009).  Left undetected and/or untreated, invasion and metastasis of prostatic-cancer 

cells to distant parts of the body, particularly the bones and lymph nodes eventually 

occurs, with fatality.   

Taking these into consideration and in view of the inefficient use of serum 

PSA and inaccurate DRE findings as diagnostic screening marker for PCa, which had 

markedly predispose men to the risk of overdiagnosis (Etzioni et al., 2002; National 

Cancer Institute, 2007; Pashayan et al., 2009), unnecessary post-biopsy complications 
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(Loeb et al., 2011; Nam et al., 2010; Wagenlehner et al., 2013), psychological distress 

caused by negative biopsy results (Klotz, 1997; McNaughton-Collins et al., 2004) and 

therapy (Stanford et al., 2000; Trinh et al., 2014; Wilt et al., 2008), a superior detection 

method and/or biomarkers for PCa at an early onset is highly necessitated.  This in turn, 

is believed to facilitate administration of timely and appropriate treatment strategies in 

curbing this life-threatening ‘silent’ disease.   

 

2.2. LECTIN 

2.2.1. Definition 

Although the work on lectin, particularly the castor bean extracts and its 

heamagglutinating capabilities can be traced back to the 18
th

 century (Stillmark, 1888), 

the term ‘lectin’ that originates from the Latin word legere, which means to choose or 

select, was first introduced by Boyd and Shapleigh in 1954.  Lectin is defined as protein 

or glycoprotein substances, chiefly of, but not limited to plant origin, protein of non-

immunoglobulin in nature, capable of specific recognition of and reversible binding to, 

carbohydrate (sugar) moieties of complex glycoconjugates without altering the covalent 

structure of any of the recognized glycosyl ligands and as such, causes agglutination 

and/or precipitation of cells (Kocourek and Harejsi, 1983).  Or, in a simpler and concise 

definition as described by Barondes (1988), lectin is a carbohydrate-binding protein 

other than an enzyme or antibody.  
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2.2.2. Source of lectins 

Lectins are ubiquitously present in nature.  They had been sourced from 

invertebrate and vertebrate animals, microorganisms and plants as well.  Table 2.2 

exhibits a list of selected lectins from various sources.  

Lectins of fauna origin are also known as endogenous lectins.  The works of 

Charcot and Robin (1853), and Leyden (1872) dating back to the 18
th

 century, which 

culminates in the identification of Charcot–Leyden crystals protein (now known as 

galectin-10) (Swaminathan et al., 1999) in eosinophil-mediated pathological conditions  

such as allergic  reactions and parasitic infections, is probably the first animal  

(mammalian) lectin discovered, though, not as a ‘lectin’.  Lectins from animals have 

been previously isolated from various sources including tissue, serum, venom, egg and 

other biofluids from invertebrates (e.g., perivitelline and heamolymph) (Cohen, 1984; 

Kilpatrick, 2002).  There are eight well-established structurally distinct families of intra- 

and extra-cellular type of vertebrate lectins.  The calnexin family, M-type, L-type and P-

type are examples of intracellular lectins, whilst, C-type, R-type, siglecs and galectins, 

the extracellular lectins.  The former is located in the luminal compartments of the 

secretory pathway.  On the other hand, the latter exists either as membrane-bound or in 

soluble forms (e.g., biofluids).  In terms of biological functions, the former is involved 

in the trafficking, sorting and targeting of maturing glycoproteins whilst the latter, 

mediates cell adhesion, cell signalling, glycoprotein clearance and pathogen recognition.  

Newer additions to these existing families of lectins are the F-box lectins, ficolins, 

chitinase-like lectins, F-type lectins and intelectins.  Amongst these lectins, some were 

noted to offer complementary functional-potential to the well-established lectin families 

denoted above. (Drickamer and Taylor, 1998).   
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Table 2.2.  List of lectins from various sources. 

 

Source Abbreviation Specificity 

Common name Taxonomic name   
    

ANIMAL 
    

Atlantic cod Gadus morhua Galectin-1 β-galactoside linked moieties 

Burgundy snail  Helix promatia HPA α-N-acetylgalactosamine 

Horseshoe crab Limulus polyphemus LPA N-acetyl neuraminic acid 

Yellow slug  Limax flavus LFA N-acetyl neuraminic acid 
    

    

MICROORGANISM 
    

- Burkholderia cenocepacia BC2L-C N-ter dom Lewis Y 

- Chromobacterium violaceum CV-IIL Fucosylated blood group epitopes 

- Pseudomonas aeruginosa PA-IL αGal4Gal 

- Pseudomonas aeruginosa PA-IIL Lewis a 

- Ralstonia solanacearum RS2L Oligomannose 
    

    

PLANT 
    

Elderberry Sambucus nigra SNA Neu5Acα2-6Gal(NAc)-R 

Gorse Ulex europaeus UEA I Fucα1-2Gal-R 

Hairy vetch Vicia villosa VVA GalNAcα-Ser/Thr (Tn-Antigen) 

Jackbean Canavalia ensiformis Con A α-Man, α-Glc 

Jackfruit Artocarpus integrifolia AIL (Sia)Galβ1-3GalNAcα1-Ser/Thr (T-Antigen) 

Lentil Lens culinaris LcH Fucosylated core region of bi- and triantennary complex type N-glycans 

Orange peel fungus Aleuria aurantia  AAL Fucα1-2Galβ1-4(Fucα1-3/4)Galβ1-4GlcNAc; R2-GlcNAcβ1-4(Fucα1-6)GlcNAc-R1 

Wheat Triticum vulgaris WGA GlcNAcβ1-4GlcNAcβ1-4GlcNAc, Neu5Ac 
    

2
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The very first microbial glycan-binding protein lectin identified was the 

hemagglutinin in influenza virus by Alfred Gottschalk (1957), based on its ability to 

aggregate erythrocytes.  Since then, numerous other microbial lectins (e.g., virus, 

bacteria and protozoa) have been described.  These include the adhesins or 

heamagglutinins-surface lectins, receptor or ligand lectins and toxins, which are the 

secreted form of lectins.  Pioneering work on bacterial surface lectin had resulted in the 

denotation of its function in facilitating attachment of bacteria to host cells and 

colonisation (Sharon and Lis, 1972).  With that, bacterial surface lectins are often 

termed as adhesins whilst, its interacting partners on the surface of the host cells, as 

receptors or ligands.  Amongst many, the  cholera  toxin,  Bt  toxin  and  Shiga  toxin 

produced by Vibrio cholera, Bacillus thuringiensis and Shigella dysenteria respectively, 

are some examples of bacterial toxins that interacts with glycan-binding subunit on the 

host-cell surfaces during infections.  

Like animal lectins, discovery of plant lectin similarly dates back to the 18
th

 

century (Stillmark, 1888).  Amongst the sources, lectins of plant origin are the largest 

and best-categorised group of lectins.  To date, there are more than a thousand plant 

species including the mono- and dicotyledons, molds and lichens, have been reported to 

possess lectins.  Most of the plants stockpiles lectins at the highest levels in their seeds 

(Lis and Sharon, 1986; Putzai et al., 1983) whilst some, in tissues including leaves, 

roots, flower, sap, barks, rhizosomes, bulbs, tubers and stems (Rudiger, 1988).  Of note, 

there are also plants that release lectin into its plant products such as the Hevea 

brasiliensis - rubber tree.  It had been observed to release the lectin, hevein, in latex sap 

when a sliver of bark is removed (Giordani et al., 1999).  The distribution and 

localisation of seed lectins are most predominant in the parenchyma of the cotyledons 

(e.g., Pisum sativum) or endosperm (e.g., Ricinus communis).  Nevertheless, there are 
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also those that were merely confined to the primary axis - plumule and radical without 

the cotyledon (e.g., Euphorbia heterophylla). 

 

2.2.3. Classification of lectins 

The first classification scheme designed particularly for plant lectins was 

based on the carbohydrate-binding specificities of the lectins.  As such, plant lectins 

may be categorised either as galactose (Gal)/N-acetylgalactosamine (GalNAc), N-

acetylglucosamine (GlcNAc), mannose (Man) and/or glucose (Glc) or maltose, L-

fucose (L-Fuc),  sialic acid-specific or complex glycan-binding lectins (Lis and Sharon, 

1986).  This form of classification however, must be treated with caution due to its 

limitations.  This is because plant lectins may display broad range of binding 

specificities, with most of them demonstrating higher affinity for oligosaccaharides than 

for simple sugars.  Additionally, structurally different lectins may also recognise same 

sugars thus, the mixed binding specificities.  Also of note, are the pronounced 

preferences of plant lectins for ‘foreign’-interacting glycans.  For example, all chitin-

binding lectins recognise carbohydrates that are common in fungi and insects but not in 

plants. (Peumans and van Damme, 1998). 

Lectins have also been characterised based on their distinct protein folding 

domains/structural similarities and evolutionary relatedness of proteins (Peumans and 

van Damme, 1998).  Via this categorization, seven families of lectin were distinguished. 

These include legume monocot mannose binding lectins, chitin-binding proteins with 

hevein domain, type 2-ribosome inactivating proteins, β-prism lectins, the 

Cucurbitaceae phloem lectins and the Amaranthaceae lectins.  The former four types of 

lectin families encompass the majority of all currently known plant lectins. 
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The legume lectins are the best known lectin family.  Structurally, all legume 

lectins have canonical twelve-stranded beta-sandwich framework (e.g., Canavalia 

ensiformis, Maackia amurensis, Ulex europaeus and Vicia villosa).  The monocot 

mannose binding lectin belonging to a single superfamily of evolutionary related 

proteins on the other hand, contains tertiary structure consisting of three sequential β-

sheet sub-domains (I, II and III) related by a pseudo 3-fold axis of symmetry (e.g., 

amaryllis, garlic bulbs lectin and snowdrop lectin).  Distinctly, the chitin binding 

proteins has conserved glycine and cysteines residues domain of 43 amino acids to 

serve distinct binding specificity for oligosaccharides of N-acetylglucosamine (e.g., 

pokeweed lectin, Urtica dioica and wheat germ) whilst, the type 2-ribosome 

inactivating proteins are chimerolectins consisting of polynucleotide:adenosine   

glycosidase   domain  that  are  arrayed  in  tandem with a carbohydrate-binding domain 

(e.g., plant families Euphorbiaceae, Fabaceae and Sambucaceae). 

The β-prism plant lectin which is also known as Jacalin or Jacalin like 

proteins is a galactose-specific non-legume plant lectin.  It consists of 3 - 4 stranded 

sheets, lined perpendicular to the 3-fold axis duplication (e.g., Artocarpus integrifolia, 

jacalin, Maclura pomifera) and exerts heterogeneity, in terms of carbohydrate-binding 

specificity.  The Cucurbitaceae phloem lectins are protein dimers that are made up of 

two identical subunits of about 24 kDa (e.g., Cucurbita argyrosperma, winter squash, 

and cucumber), and has high specificity to oligomers of GlcNAc.  Last but not least, the 

Amaranthaceae lectins which are relatively the smallest plant lectin family after 

Cucurbitaceae phloem lectins family, is characterized by the β-trefoil folds with internal 

3-fold axis of symmetry structure.  It has high specificity for O-linked glycans.  

Examples of β-trefoil lectin include amaranthin, castor bean ricin B, ebulin and 

mistletoe lectin.   
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Nevertheless, with the dawn of molecular cloning, a more consistent 

classification of lectins on the basis of structural and evolutionary relatedness, but with 

greater emphasis on the highly conserved amino acid sequence motifs in the 

‘carbohydrate-recognition domains’ had emerged (Dodd and Drickamer, 2001).  Based 

on this, lectins may be classified into two distinct categories; Category I define lectin 

families with structural and/or evolutionary sequence similarities whilst category II, 

houses lectin-like proteins without established evolutionary classification as shown in 

Table 2.3.  Of note, some of the protein families does share structural or sequence 

similarities with animal lectins. 

 

2.2.4. Functions of plant lectins  

Despite its ubiquity, the biological roles of plant lectins remain speculative.  

Considering the plentiful harvest of lectins from storage tissues (e.g., seeds or 

vegetative storage tissues), it has been suggested that lectins may serve as 

(carbohydrate) storage proteins that contribute sources of nitrogen for the development 

of plants (Peumans and Van Damme, 1995), as well as to maintain seed dormancy.  

Lectins have also been unequivocally associated with cell organisation, embryo 

morphogenesis, growth and elongation of cell walls and transport of carbohydrates 

(Moreira et al., 1991) as well as in pollen recognition (Knox et al., 1976).  

Amongst all supposition, the other most notable function of plant lectins is 

the defence against fungal, viral and bacterial pathogens as well as animal (insect) 

predators (Rudiger and Gabius, 2001) either via active or passive defence mechanism of 

actions (Peumans and Van Damme, 1995). Plant lectins execute active defence 

mechanism of actions via the recognition of pathogens through their carbohydrate- 

binding  specificities  and  thus,  sequentially  triggering  host-immune  responses  (e.g.,   
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Table 2.3. Classification of lectins and lectin-like proteins. 

 

Category I 
 

β-prism lectins - Jacalin-related lectins  

C-type lectins (e.g., calcium-dependent lectins such as selectins and collectins) 

Eel fucolectins  

Ficolins - fibrinogen/collagen-domain-containing lectins  

Garlic and snowdrop lectins and related proteins 

Galectins (formerly known as S-type lectins) 

Hyaluronan-binding proteins or hyaladherins 

I-type lectins - Immunoglobulins superfamily members including the Siglec family 

Amoeba lectins - Jacob and related chitin-binding proteins  

L-type lectins - plant legume seed lectins, ERGIC-53 in ER-Golgi pathway, calnexin family 

M-type lectins -α-mannosidase-related lectins (e.g., EDEM) 

N-type lectin nucleotide phosphohydrolases with glycan-binding and apyrase domains 

P-type (e.g., mannose-6-phosphate receptors) 

R-type (e.g., ricin, other plant lectins and GalNAc-SO4 receptors) 

Tachylectins from horseshoe crab Tachypleus tridentatus  

Hevein-domain lectins (e.g., wheat germ agglutinin and hevein)  

Xenopus egg lectins/eglectins  

 
Category II 
 

Some annexins 

Pentraxins with pentavalent domain structure 

Some laminin G domains, recognizing glycans on α-dystroglycan   

CD11b/CD18 recognizes fungal glucans and exposed GlcNAc residues on glycoproteins   

Complement factor H, recognizes cell-surface sialic acids as “self”   

Tumour necrosis factor-α, binds to oligomannose N-glycans   

Interleukins - IL-1α, IL-1β, IL-4, IL-6, and IL-7 bind various glycans 

Amphoterin binds carboxylated N-glycans 
 

 

Source: Data extracted and modified from Varki et al., 2009.   
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inhibition of bacterial, viral and fungal activities).  The passive-type of defence 

mechanism includes physical barriers, morphological and biochemical adaptations.  

Accumulation of toxic low molecular weight compound in the whole plant or 

susceptible tissues is an example of biochemical adaptation (Peumans and Van Damme, 

1995). 

On another note, characteristic properties of lectin in adhesion and 

agglutination highly suggest its role in establishing symbiotic and pathogenic 

interaction between glycoconjugates of hosts, which may interfere with the normal 

functioning of the host.  For example, recognition and binding of legume root lectin to 

Rhizobium spp. or  Bradyrhizobium spp. institutes Rhizobium-legume symbiosis thus, 

resulting in the formation of nitrogen-fixing root nodules (Diaz et al., 1989).  On the 

same note, binding of tomato lectin to mucosal cells of pathogens causes host-

resistances to acid and proteolysis (Kilpatrick et al., 1984). 

 

2.2.5. Application of lectins 

Distinct carbohydrate moieties recognising and interacting capabilities of 

lectins have been greatly exploited in the field of biomedical and biological researches 

as well as in agricultural plant protection (Peumans and van Damme, 1998).   

The inception of ABO blood typing using plant lectins was by Boyd in 1945, 

via his observation on blood-type A specific agglutinating capabilities of lima beans 

(Phaseolus lunatus).  To date, there are over 100 blood-type specific lectins of various 

origins that have been reported to demonstrate specificities for blood types A, B, O, AB, 

M or N, and subtypes A1 or A2 (D'Adamo, 2014).  Among these, the most common 

plant lectins used for ABO typing include Vicia cracca, Dolichos biflouros, Falcata 
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japonica, Griffonia simplicifolia  and Ulex europaeus, that specifically agglutinate 

erythrocytes with A, A1, A2, B and H antigens, respectively (Khan et al., 2002).   

Besides this, lectins are also frequently used in the field of transfusion 

medicine for detection and classification of polyagglutination of erythrocytes (Horn, 

1999) and for diagnosis and management of T antigen activation and related disorders 

in neonates and children (e.g., necrotising enterocolitis and atypical haemolytic uraemic 

syndrome).  Other clinical uses of lectins are seen in karyotyping of chromosomes, 

evaluation of immunocompetence, bone marrow transplantation and enzyme 

replacement therapy (Sharon and Lis, 1993). 

Another marked ability of lectins is the induction of mitogenesis of cells, 

particularly the T and B lymphocytes, macrophages and neutrophils (Goldstein et al., 

1980).  With this in mind, a large number of research has been conducted to 

comprehend blastogenesis of lymphocytes as well as biochemical and physical 

alterations associated cellular mitogenesis (Lim et al., 1998; Maciel et al., 2004; Oda et 

al., 1991; Powell and Leon, 1970).  These cumulative findings in turn, had led to the 

utilisation of lectins for treatment of cancer via mitogenic lectin therapy (Chan et al., 

2012), as well as anti-tumour cytotoxic therapy (Valadez-Vega et al., 2011) and 

targeted tumour therapy (Sancho et al., 2008). 

Use of specific lectins had also served in mediating cell separation for the 

purpose of basic research as well as in cell-based therapy applications.  Initial such 

works was reported by Reisner et al., (1976), based on his successful attempts at 

separating B and T cells of mouse lymphocytes using Glycine max agglutinin.  In the 

recent years, Wang et al., (2011) had used fucose-specific lectin, Ulex europaeus, to 

identify, sort, and separate human pluripotent cells from heterogeneous cell populations 
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whilst, Dodla et al., (2011) had used Vicia villosa agglutinin for the isolation of human 

neural progenitor cells.   

It is also possible to recognise and differentiate strains of bacterial species 

using lectin (Etaler, 1978).  Bacterial typing is made possible by lectin via the 

recognition of ‘exclusive’ carbohydrate-rich surface antigens or receptors on these 

organisms.  In the past, lectins (e.g., Arachis hypogaea, Bauhinia purpurea, Solanum 

tuberosum, Triticum vulgaris and Glycine max) have been successfully used to type 

bacterial strains of Helicobacter pylori (Ascencio et al., 1990), Campylobacter jejuni 

(Yakovleva et al., 2011), Bacillus spp. (Cole et al., 1984) and Neisseriae spp. (Doyle et 

al., 1984). 

Lectins are also used to identify and select mutants with altered cell surface 

glycoconjugate compositions.  One of the earliest reports of such use was by Stanley 

(1981).  Based on the characteristics and unique patterns of lectin-resistance properties 

exhibited by the glycosylation mutants in Chinese hamster ovary cells to the 

cytotoxicity of plant lectins (e.g., wheat germ agglutinin), he had concluded that lectin 

does offer solutions for independent selection protocols for each type of mutant.  On 

another occasion, castor bean lectin (Ricinus communis) was used for identification and 

selection of seven new mutants ricin-resistant Chinese hamster ovary cells (Stanley et 

al., 1990).   

Advances in genetic engineering and in receptor biology had led to the 

emergence of selective tumour cell killing using lectin-toxic conjugates in cancer 

therapy with greater efficacy, compared to the conventional treatment modalities 

including surgery, chemo- and radiation therapy.  Toxic conjugates are either 

constructed using antibodies and/or their fragments (e.g., immunotoxin) or other carrier 

proteins (e.g., epidermal growth factor, fibroblast growth factor and transferrin) 
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(Fracasso et al., 2004).  Regardless, more importantly, these toxic conjugates must be 

resistant to chemical modifications and conjugation, endogenous proteolytic activity as 

well as able to deliver toxic substance efficiently when the target is reached, to facilitate 

effective killing of the target cells (Dosio et al., 2011).  In addition to deglycosylated A 

chain of ricin-, truncated diphtheria toxin- and pseudomonas exotoxin A-containing 

immunotoxins, saporin-S6, a type 1-ribosome-inactivating protein isolated from the 

seeds of Saponaria officinalis had also been extensively used for conjugation in pre-

clinical studies against hematological (e.g., myeloma, lymphomas and leukemias) and 

solid tumours (e.g., cancers of the cervix, bladder, pancreas and prostate) (Polito et al., 

2011). 

The use of lectins as cyto- and histochemical characterisation tool has also 

been previously described (Allison, 1986; Kuhlmann et al., 1983).  Due to high 

carbohydrate binding specificity, lectins have been used as cyto- and histochemical 

probes, which allow in situ identification, localisation and characterisation of various N- 

and O-linked oligosaccharides present in pathological tissues and cells (Spicer and 

Schulte, 1992).  Along that line, lectins have been successfully used in characterisation 

of glycosaccharides in lysosomal storage diseases, including GM1-gangliosidosis, 

Krabbe disease, Gaucher disease and fucosidosis (Alroy and Lyons, 2014; Alroy et al., 

1985), colon adenocarcinoma of the human rectum (Madrid et al., 2000) and normal 

cells of human gall bladder (Madrid et al., 1994).   

Plant lectins have also been noted to have high affinity for membrane-

associated glycoconjugates on neurons.  As such, plant lectins such as wheat germ 

agglutinin (Nakashima et al., 2000) and phytohemagglutinin (Gerfen and Sawchenko, 

1985) which are considered as superior neuronal tracers, have been extensively 

exploited for tracing chemically specified circuits in the central nervous system thus, the 
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mapping of neuronal pathways for better understanding of brain functions.   The precise 

anterograde and retrograde-directional transport of lectins are traced from the point of 

injection, via horseradish peroxidase- (HRP) or radioactive-labelled lectin detection 

methods (Sharon and Lis, 1993).  For example, HRP-conjugated wheat germ agglutinin 

had served as a beneficial transneuronal marker for visual and olfactory pathways in 

monkey (Itaya and van Hoesen, 1982) and rat (Shipley, 1985), respectively.  Other 

types of lectin used for neuroanatomical studies include soybean agglutinin, ricin and 

volkensin.  However, the latter two types of lectin are rather known as ‘suicide 

transport’ tracer as it had been observed to cause apparent neuronal morphological 

aberration and apoptosis (Wiley et al., 1982) and degeneration (Heath et al., 1997) in 

rat,  respectively.  Later, the combination of conventional neuroanatomical tracing 

method with wheat germ agglutinin transgene technology had greatly enhanced the 

investigations of brain-neural networks (Yoshihara et al., 1999).   

The well-defined interaction between a lectin and its carbohydrate ligand 

further facilitates the structural definition of target glycoconjugates/glycans (e.g., 

glycoproteins, polysaccharides and glycolipids) (Brockhausen et al., 1998; Peumans and 

van Damme, 1998).  However, due to the extreme levels of microheterogeneity of 

carbohydrate moieties, its characterisation is often challenging.  Nevertheless, by 

exploiting the narrow specificity of lectins, detection of subtly varied structures of 

carbohydrates is made possible.  For example, Shibuya et al., (1987) had successfully 

studied the microheterogeneity patterns in fetuin and α1-acidic glycoprotein (AAG) 

sialylation using Sambucus nigra lectin.    

Isolation and characterisation of glycoconjugates via the use of lectin is 

particularly important considering the significant correlation of altered levels of 

glycoproteins in manifestation and progression of various diseases.  Although 
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containing comparable levels of N-linked bi-antennary oligosaccharides with the 

controls, serum IgG of subjects with rheumatoid arthritis were found to demonstrate 

lower abundance of terminal galactose (Parekh et al., 1988a), whilst in other studies, 

differential levels of galactosylation were considered indicators for diseases including 

juvenile rheumatoid arthritis (Parekh et al., 1988b),  tuberculosis (Rook et al., 1991) and 

chronic inflammatory disease such as systemic lupus erythematosus and Crohn's disease 

(Tomana et al., 1988).   

Association between altered levels of glycoproteins have also been observed 

in studies investigating the onset, progression and metastasis of cancers (Dennis et al., 

1999; Nishimura et al., 1995).  In this case, lectins had served as a beneficial tool in 

detection of tumour-associated glycoproteins of altered abundances thus, facilitating 

potential diagnostic and prognostic predictions as well as therapeutic interventions for 

cancer.  For this, lectins have been invariably incorporated with other techniques such 

as affinity chromatography, Western blotting, enzyme-linked immunosorbent assay 

(ELISA) and array-types to enhance detection of glycoproteins that are generally of 

lower in abundance.  For example, concanavalin A - immobilised affinity 

chromatography employed prior to 2-DE, had resulted in successful profiling of serum 

N-glycosylated sub-proteome with improved resolution in subjects with colorectal 

carcinoma (Rodriguez-Pineiro et al., 2004), respectively.  A more advanced use of 

affinity chromatography technique is the multi-lectin affinity chromatography.  Serial 

multi-lectin affinity chromatography has been used to demonstrate comprehensive 

detection and changes in abundances in the serum or plasma of subjects with breast 

cancer (Zeng et al., 2011).  Aside from gel-based solid support, magnetic beads are also 

used to facilitate enrichment and analysis of specific glycoproteome (Abdul Rahman et 

al., 17 August 2006) that may be associated with diseases (Loo et al., 2010).   
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Detection of glycoproteins on either electroblotted membranes or arrays on 

the other hand,  are made possible via the use of lectin conjugates such as enzymes, 

biotin, fluorescent dyes, digoxigenin, colloidal gold and radioactive markers (Badia and 

Querol, 1988; Kijimoto-Ochiai et al., 1985; Li et al., 1993; Versura et al., 1986; 

Yoshikawa et al., 1987).  On another note, soybean agglutinin lectin captured CA-S27 

monoclonal antibody sandwich enzyme-linked immunosorbent assay (ELISA) has been 

used to detect serum CA-S27, a novel carbohydrate antigen in patients with 

cholangiocarcinoma (Silsirivanit et al., 2013).   

 

2.2.6. Lectin of interest: champedak galactose binding lectin 

Artocarpus integer, locally known as champedak, has distinct sweet aroma 

and its inner core filled with brown seeds that are covered with yellow fleshy pulp.  In 

1991, Hashim et al.,    had first harvested a lectin from the seeds of champedak.  Due to 

its affinity for galactose residues of the O-linked oligosaccaharide moieties, inherently, 

the lectin was termed as, champedak galactose binding (CGB) lectin (Hashim et al., 

1991).  Later, Lim et al., (1997) had successively isolated another lectin from the seeds 

of champedak which has high affinity for core mannosyl residues of the N-linked 

oligosaccaharide moieties and as such, designated as champedak mannose binding 

(CMB) lectin.  Structurally, CGB lectin comprises two non-covalently linked protein 

subunits with Mr of 13 and 16 kDa whilst, the CMB lectin is composed of four subunits 

of polypeptides with Mr of 64 kDa.  A recent follow-up X-ray crystallography analysis 

of structures and binding specificity of CGB and CMB lectin’s had also corroborated 

the previous data reported for these lectins (Gabrielsen et al., 2014).  

Although CGB lectin is similar in many ways to jacalin, which is also an 

IgA1-reactive and D-galactose binding lectin but harvested from the seeds of jackfruit 
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(Artocarpus integrifolia) (Roque-Barreira and Campos-Neto, 1985), the lectin is more 

homogenous in both structures and functions.  CGB lectin isolates from various clones 

exhibited consistency and uniformity in interaction with IgA1 but not with IgA2, IgD, 

IgG and IgM of human serum (Hashim et al., 1993; Hashim et al., 1992; Hashim et al., 

1991).  However, jacalin isolated from seeds of different origins such as those from 

Brazil, Japan and Manila have been reported to display differences in structures and 

reactivity to subclasses of immunoglobulins (Aucouturier et al., 1988; Kobayashi et al., 

1988).  Hashim et al., (1994) had also demonstrated the effect of CGB lectin on the 

functional activity of guinea-pig complement.  In this study, CGB lectin were found to 

consume complement thus, decreased the complement-triggered haemolysis of 

sensitised erythrocytes of sheep.   

Besides this, the capability of CGB lectin to probe for disease-related O-

glycosylated proteins using techniques including immunodiffusion, affinity 

chromatography and lectin-blotting were tested as well.  For example, probing of 2-DE 

resolved nitrocellulose membrane (NC) blots of sera and urine from subjects with 

ovarian, endometrial, cervical and prostate cancers using CGB lectin had resulted in 

detection and identification of a number of serum and urinary O-glycosylated proteins 

with biomarker potentials (Abdul-Rahman et al., 2007; Abdullah-Soheimi et al., 2010; 

Jayapalan et al., 2012; Jayapalan et al., 2013; Mohamed et al., 2008; Mu et al., 2012).  

Interestingly in another study, differential abundances of galactose and sialic acid 

residues in the sera of subjects with IgA nephropathy detected using CGB lectin had 

contributed to the postulation of structural aberration of O-glycans of IgA1 that may 

attribute to the etiopathogenesis of IgA nephropathy (Mestecky et al., 1993; Shuib et 

al., 1998).  
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In terms of reactivity to human immunoglobulins, the CMB lectin on the 

other hand, had shown strong reactions to IgE and IgM but weak binding to IgA2 (Lim 

et al., 1997).  Aside from this, CMB lectin had also demonstrated profound mitogenic 

activity by stimulating cellular proliferation of murine T cells but not B lymphocytes 

(Lim et al., 1998).  When CMB lectin was similarly used as probes to detect N-

glycosylated proteins on 2-DE resolved NC blots of sera or plasma of subjects with 

nasopharyngeal carcinoma (Seriramalu et al., 2010) and congenital hypothyroidism 

(Yong et al., 2006), a number of glycoproteins were found to be differentially altered in 

abundances.  The former investigation had shown reduced abundances of serum α-2 

macroglobulin and complement factor B whilst, in the latter study, significantly up- and 

down-regulated abundances of plasma fibrinogen and haptoglobin β-chains, was 

respectively observed in the patients’ cohorts. 

 

2.3. PROTEOMICS 

2.3.1. Definition 

‘Proteome’ connotes the whole complement of PROTEins encoded and 

produced by genOME of an organism or a cellular system.  The levels of these 

translated proteins, which may be post-translationally modified and subjected to 

pathophysiological changes, vary according to the predisposed stimuli (Wasinger et al., 

1995).  As such, ‘proteomics’ refers to large-scale comprehensive study of a specific 

proteome, in terms of identity, abundance, variation, modification, structure, function, 

and interacting and networking partners, in order to provide wholesome information of 

the proteins expressed in health and disease (Wilkins et al., 1996).   
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2.3.2. Area of proteomics 

Proteomics, a high-throughput branch of biochemistry, is deemed to 

contribute insightful and ‘direct’ description of cellular functions as well as 

dysfunctions of biological processes.  As such, proteomics had indeed superseded the 

strength and contributions of genomic era via its capability in generating large-scale 

information on protein-protein interactions, organelle composition, protein activity 

patterns and differential protein profiles thus, reflecting the ‘true’ status of a cell 

(Petricoin et al., 2004).  Yet, proteomics often faces challenges due to the inherent 

attributes of proteomes, which has high level of complexity.  Factors including genetic 

capability of one gene encoding for more than one protein, limited and variability of 

samples material, dynamic range of more than 10
6
 -fold due to synthesis, degradation or 

protein-protein interaction (Corthals et al., 2000), a plethora of pre-, co- and post-

translational modifications (e.g., glycosylation, phosphorylation and acetylation) (Darie, 

2013), vast types of tissues and variation in protein abundances due to developmental 

and/or temporal specificity and cellular distress, which may be caused by diseases and 

treatment regiments had profoundly contributed to the complexity of proteomes.  

However, combine use of multiple proteomics approaches were thought to provide 

valuable merits in overcoming these drawbacks (Tyers and Mann, 2003).    

There are many sub-divisions of proteomics (Tyagi et al., 2010).  These 

include structural proteomics, expression proteomics, interaction or functional 

proteomics and proteome informatics.  Structural proteomics integrates structural maps 

of proteins and protein domains in 3D conformation reflecting of protein interactions 

and functions garnered from individual protein to protein complexes and its associated 

microenvironment at cellular levels, into a common framework (Sali et al., 2003).  In-

depth analysis of protein structures is made possible by the use of X-ray 
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crystallography, nuclear magnetic resonance spectroscopy, in silico screening 

(Kamionka et al., 2002), electron microscopy and electron tomography.  Collectively, 

these technologies had greatly contributed to studies involving drug discovery, 

prediction of proteins’ 3D structure from genomic sequence and identification of 

structurally-related orthologs of proteins. 

Expression proteomics provide quantitative maps of expression of proteins 

either from cells or tissues.  In this field, differential expression of proteins are used as 

the basis for identification of disease markers, biological pathways of normal and 

disease states as well as to assist in the study of pharmacodynamics of drugs intended 

for drug targets.  Of note, 2-DE and MS are the most commonly used techniques for the 

investigation of expression proteomics (James, 1997; Wilkins et al., 1996).  It may also 

be incorporated with techniques such as affinity chromatography and Western blotting 

for comprehensive analysis of protein aberration due to a disease state.  ELISA, protein 

array and Bio-Plex assays on the other hand, are used to provide information on the 

changes of levels of proteins being assessed, quantitatively.  

Interaction or functional proteomics, on the other hand, provide physical 

maps of cellular localisation as well as interactions between proteins for characterisation 

of protein networks and determination of their functions.  The proteome-wide 

biochemical assays was pioneered by Field and Song (1989) using novel two-hybrid 

genetic system to detect protein-protein interaction, regardless of strength of the 

interaction or abundances of the proteins involved.  On this basis, various array-based 

approaches have been later adopted, to investigate protein activities such as protein 

localisation in the cell through green fluorescent protein signals, protein interactions 

through fluorescence resonance energy transfer (Tavare et al., 2001), protein 

modifications and enzymatic activities.  
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Proteome informatics branch of proteomics as a tool for molecular biology 

and biomedicine was first coined by Mathias Mann in 1996.  This field offers 

statistically sound bioinformatics algorithms, software tools and strategies toward 

accurate and comprehensive analysis of proteomics data (Palagi et al., 2006).  Proteome 

informatics tools are made available for all ranges of proteomics techniques.  These 

include tools for  post-separation analyses (2-DE - Delta2D, ImageMaster2D Platinum, 

Progenesis; liquid chromatography (LC) /MS - Decyder MS, Mapquant, Msight), 

protein identification by  peptide  mass  fingerprint  (PMF)  (e.g., MASCOT, Aldente, 

MS-Fit) and protein fragmentation fingerprint (e.g., Spectrum Mill, SEQUEST, 

X!Tandem), de novo sequencing (e.g., AUDENS, PEAKS, PepNovo), and quantitative 

analyses (e.g., DTA Select, MSQuant, EXPRESS).  Proteome informatics tools are also 

available for post-processing of MS/MS data (e.g., Trans-Proteomic Pipeline, Scaffold).   

 

2.3.3. Techniques of proteomics 

Techniques employed for separation of proteins for proteomic analysis may 

be divided into gel-based and gel-free separations (Scherp et al., 2011).  The gel-based 

approaches include one-dimensional gel electrophoresis (1-DE), 2-DE, and 2D 

difference in-gel electrophoresis (DIGE) whilst, the gel-free methods includes SELDI-

ToF/MS, nano LC-MS/MS, capillary electrophoresis, multidimensional protein 

identification technology (MudPIT) and protein microarray, to name a few.  After 

considering the advantages and disadvantages of these approaches as outlined in Table 

2.4, they may either be used independently or in combination for optimal separation and 

analysis of proteins and proteomes of interests.   
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The most commonly used integrated technology of separation and MS for 

proteomic analysis are 2-DE followed by identification of proteins using matrix-assisted 

laser desorption/ionisation - time of flight (MALDI-ToF/ToF).  Ideal separation and 

analysis of proteins may also be achieved via affinity capture on ProteinChip array 

followed by SELDI-ToF/MS analysis or by a LC system-coupled to either an online or 

offline mass spectrometer.  In the following section, only the techniques that were 

predominantly used in this study are elaborated at length. 

 

1- and 2-DE 

1-DE experiments generally offer information on the MW and purity of 

proteins and its subunits, if present, at a relatively faster rate due to the limited 

separation area.  To a certain extent, the technique is also able to detect PTMs such as 

glycosylation and phosphorylation by subjecting the samples for prior chemical, 

enzymatic (Sriyam et al., 2008) or radiolabelling (Larsen et al., 2001) procedures or via 

immunodetection, following electrophoretic separation (Anderson and Peck, 2008).   

2-DE technique, an extension of 1-DE on a larger gel format, was first 

introduced by Klose (1975) and O’Farell (1975) in an attempt to produce high 

resolution protein profile of various tissues harvested from mouse and Escherichia coli, 

respectively.  The proteins are generally separated in 2 steps according to two 

independent physico-chemical properties; isoelectric point (pI) and molecular weight 

(MW) and later, stained using either silver, Coomasie or fluorescent dyes for 

visualisation of the electrophoresed proteins.  With that, 2-DE provides resolution and 

visualisation of hundreds of proteins on a single gel, simultaneously, and at the same 

time, delivers a spectrum of pertinent information of each protein, such as its molecular 

weight, pI, quantity and possible PTMs.  One other advantage of 2-DE is the ability to 
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separate the workflow to be conducted at different space and time whilst, the resulting 

2-DE gels serve as high-capacity ‘storage system’ for long-term archival of proteins, for 

further purification and identification by MS (Beranova-Giorgianni, 2003).  Taken 

together, gel-based proteomics serves a comprehensive  platform  for  detection and  

identification  of  proteins  in biological  fluids  that  may  be  potentially  used  for   

discovery of cancer biomarkers (Chevalier, 2010).   

 

SELDI-ToF/MS 

ProteinChip array technology, SELDI-ToF/MS was developed as an 

alternative to 2-DE.  It usually involves rapid analysis of small (intact) molecules 

ranging between 2 - 20 kDa with high-throughput.  Owing to the integrated technology 

of separation and analysis, SELDI-ToF/MS is able to enrich proteins from crude 

samples at femtomole levels via affinity capture on the surface of the array that is 

modified either chemically or biologically and at the same time, analyse the expression 

profiles of the proteins by a linear ToF/MS (Hutchens and Yip, 1993).  The chemical 

characteristics of the surface may bear hydrophobic, hydrophilic, anionic, cationic or 

metal affinity properties whilst, antibodies, lectins (Ueda et al., 2009) and DNA may 

serve as biological surfaces.  Analysis of the mass spectra profiles using variety of 

statistical and bioinformatics techniques recognises discriminating patterns of proteins 

between groups of sample that may be potentially used as markers for diagnosis 

(Petricoin et al., 2002b) or prognosis (Yanagisawa et al., 2003) of cancers and other 

diseases (Hong et al., 2008; Tomosugi et al., 2006) as well as for biochemical profiling 

of serum high-density lipoproteins variants (Dayal and Ertel, 2002).   
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Table 2.4. Advantages and disadvantages of proteomics technologies. 

 

 Gel-based methods  Gel-free methods 

 2-DE 2D-DIGE  SELDI, MALDI LC-MS/MS Microarray, Protein array 

 

Advantages 

 

 Separation of large 

number of proteins 

 

 Separation of large 

number of proteins 

 Requires small amount 

of proteins  

 Reproducible 

 Quantitative 

  

 Automated 

 Requires small 

amount of proteins 

 Quantitative 

 

 Automated 

 Requires small 

amount of proteins 

 Quantitative 

 

 Automated 

 Requires small amount of 

proteins 

 High-throughput 

 Reproducible 

 Sensitive for detection of 

PTMs  

 

Disadvantages 

 

 Not-automated 

 Limitation for very large 

and small Mr of proteins  

 Requires large amount of 

proteins 

 

 Not-automated 

 Limitation for very large 

and small Mr of proteins 

  

 Lower detection of 

low abundance 

proteins 

 

 Lower detection of 

low abundance 

proteins 

 

 Limitation for total 

number of proteins 

analysed 

 

Source: Data adapted and modified from Suehara et al., 2012.   
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Despite its strong potential in providing an alternative avenue for rapid and 

minimally invasive approach for screening, diagnosis and prognosis of diseases, 

particularly cancer (Adam et al., 2002; Petricoin et al., 2002b; Qu et al., 2002), the 

suitability of SELDI-ToF/MS as profiling approach and its exceptional sensitivities and 

specificities had created controversies (Baggerly et al., 2004; Diamandis, 2003; 

Diamandis, 2004; Sorace and Zhan, 2003) and cast a huge setback for method.   

 

Nano-LC and tandem mass spectrometry (MS/MS) 

Nanoscale LC coupled to MS/MS is an ideal setup for the analysis of 

enzymatically-digested purified or complex peptide mixture particularly, in sample-

limited situations.  The use of chromatographic columns with small (µm) internal 

diameter renders the heightened sensitivity of the technique (Gaspari and Cuda, 2011).   

In a nano LC system, peptides are forced by a mobile phase (e.g., water-acetonitrile) at 

high pressure through a column packed with a stationary phase to facilitate separation 

and thus, introduces the samples to MS (e.g., online - electrospray ionisation (ESI) or, 

offline - MALDI target spotter).  The use of hydrophobic type of stationary phase with 

its corresponding polarity of the mobile phase is termed reverse-phase liquid 

chromatography whilst, stationary phase with hydrophilic surfaces are designated as 

normal phase liquid chromatography.  

An improvisation to the pioneering method of LC is the incorporation of two- 

(Wolters et al., 2001) or three-dimensional (Prins et al., 2001) chromatographic 

separations to the trypsin digested protein samples prior to MS.  This intends to extend 

the capability of the technique in detecting proteins of very low abundance (lower than 

ng/mL in serum).  Additionally, metal-coded affinity tags (Bergmann et al., 2012) and 

stable-isotope labelling of proteins either via metabolic (Conrads et al., 2002), 
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enzymatic (Yao et al., 2001) or chemical modifications facilitates both absolute and 

relative quantification of proteins of interest. 

The ToF, quadrupole, ion trap and hybrids such as QTrap and QToF are the 

most commonly used types of mass analyser.  In a typical ToF type of mass analyser, 

immobilised enzyme-digested protein samples in an energy absorbing matrix on a plate 

are first ionised, accelerated at high voltage through a flight tube at which the ions are 

separated, and detected according to their velocity and time they take to travel the 

length of tube, in terms of mass to charge ratio (m/z).  Based on these data, a mass 

spectrum, which is an intensity vs m/z graph, is subsequently generated.  Owing to the 

high specificity and sensitivity, MS-based proteomics provides excellent option for 

separation, identification as well as quantitation of small amounts of proteins in 

complex mixtures thus, overcomes drawbacks of 2-DE (Aebersold and Mann, 2003).  

The resulting MS and/or MSMS data of high mass accuracy also does facilitate the 

determination of molecular structures and formulae of small molecules.  In this study, 

MALDI tandem-time-of-flight (MALDI-TOF/TOF) mass spectrometer was used to 

enable ultra-high throughput, high sensitivity, and high-energy collision-induced 

dissociation to garner peptide-sequence information of proteins that were significantly 

altered in abundances. 

 

Western blotting 

Rapid detection, characterisation and quantitation of proteins (e.g., ng levels)  

is made possible by the use of Western blotting technique, via antigen-antibody 

recognition and its non-covalent linkages (Gallagher and Chakavarti, 2008).  Western 

blotting involves electrotransfer of proteins from SDS-PAGE gel onto a solid support 

such as NC, polyvinylidene fluoride or nylon membranes.  Visualisation of the target 

proteins is achieved via the use of chromogenic (e.g., 3, 3’-diaminobenzidene, TMB, 
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BCIP-NBT) or chemiluminescent substrates (e.g., Pierce ECL), following 

immunoprobing of the membrane using specific and matching primary and labelled-

secondary antibodies pair (e.g., polyclonal or monoclonal). 

The membranes mentioned above differ in protein-binding ability as well as 

in the effects of duration of incubation and detergents or agents used on the resulting 

quantity of proteins bound (Euan and Brian, 1989) and therefore, needed to be carefully 

selected.  For example, NC membrane has high affinity and retention abilities for 

proteins but not recyclable whilst, polyvinylidene fluoride membrane has lower protein 

binding properties but possessed other valued assets including resistance to heat, 

chemicals and corrosion thus, allowing re-probing of the membrane (Mahmood and 

Yang, 2012).  Nylon membrane, on the other hand, is better suited for nucleic acid 

binding application.   

 

Lectin (Eastern) blot 

Proteins translated from mRNA undergo a series of covalent processing 

events known as PTM.  PTM may either involve addition or removal of a certain 

functional groups, protein or lipids, alteration in the chemical nature of amino acids, or, 

by causing structural changes (Bradshaw and Stewart, 1994).  Together, these results in 

marked changes in the properties of proteins and as such, involved in the regulation of 

cellular functions including localisation, turn-over and interaction with other molecules 

(e.g., DNA, co-factors and lipids).  Additionally, differential expression of protein 

PTMs is deemed as a potential clinical indicator of a disease state (Mann and Jensen, 

2003).  Figure 2.5 demonstrates the most common types of PTMs.   
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Figure 2.5. Common types of PTMs. 

 

Eastern blot technique is an extension of Western blotting that is used to 

detect PTMs such as lipids, phosphate group (PO4) and carbohydrate epitopes on 

proteins (Freeze, 1993; Shan et al., 2001).  As in Western blotting, samples are similarly 

separated in a 1- or 2-DE gel and transferred onto a membrane but detected using 

respective PTM-appropriate probes.  For example, nitrophospho-molybdate methyl 

green (Thomas et al., 2009) is used to detect phosphorylation whilst concanavalin A, for 

the detection of mannose-containing glycans (Seriramalu et al., 2010).  To that effect, 

specific detection of glycosylation type of PTM using lectin is referred as lectin or 

eastern blotting (Freeze, 2001) (see Section 3.13.1). 
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Lectin-immobilised affinity chromatography 

Considering the complexity and vast dynamic range of proteins in biofluid 

samples like serum, pre-fractionation or separation of proteins in complex mixture (e.g., 

from cells, sub-cellular fractions, column fractions or immunoprecipitates) is often the 

key step in proteomics.  Pre-fractionation may be achieved either by depletion of 

proteins of high abundance such as albumin (Lei et al., 2008) and IgG (Pieper et al., 

2003) using immunoaffinity chromatography techniques (Anderson et al., 2004)  or, by 

enriching sub-proteome of interests, which is usually low in abundance (Florens et al., 

2008) using lectins (Abdul Rahman et al., 2002).  

Lectin-immobilised affinity chromatography allows separation and 

purification of glycoproteins based on specificity for sugar moieties (Varki et al., 2001) 

(Table 2.1).  The resulting glycoprotein-rich eluate is commonly used for structural 

characterisation of glycoprotein carbohydrate chains (Haselbeck et al., 1990) or,  

identification of lectin-binding glycoproteins (Abdul-Rahman et al., 2007).  However, 

the technique does have some limitations.  This includes interferences from non-specific 

interaction between the analytes and immobilised lectin as well as the availability of 

multiple-binding sites of ‘a glycoprotein’ that facilitates extreme stronghold interactions 

with the immobilised lectin thus, causing difficulty during elution.  

There are many different types of commercially available and ready-to-use 

lectin immobilised columns for purification of glycoproteins. To name a few, 

concanavalin A has high binding specificity for glycoproteins with terminal mannose or 

glucose residues (αMan > αGlc > GlcNAc) whilst, wheat germ agglutinin exhibits 

strong interaction with chitobiose core of N-linked oligosaccharides [GlcNAc 

(β1,4GlcNAc)1-2 > βGlcNac] or sialic acid residues.   Aside from this, there are those 

that are packed in laboratories.  These include CGB-lectin immobilised onto Sepharose 

4B (Abdul Rahman et al., 2002) and immobilised CMB-lectin Sepharose 4B 
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(Seriramalu et al., 2010) for isolation and purification of O- and N-glycosylated 

proteins, respectively.   

 

2.3.4. Application of proteomics in clinical research 

Clinical proteomics, a sub-discipline of proteomics is defined as systematic 

large-scale identification of disease-specific molecular biomarker patterns and 

therapeutic targets on clinical biofluid materials and its application in improving patient 

care, as well as public health through better assessment of disease susceptibility,  

prevention, diagnosis and prognosis, and selection of appropriate disease-

countermanding therapeutic regiments (Granger et al., 2004).  In other words, 

applications of proteomics in clinical research play an important role in the 

identification of disease-specific, pharmacogenomics as well as therapeutic monitoring 

biomarkers.  With that in mind, proteomics technologies have been readily exploited in 

various fields of researches of clinical medicine particularly, in search of disease-

reflecting protein biomarkers.  Proteomics have been applied in the fields of 

haematology (Cristea et al., 2004), neurotrauma (Zhu et al., 2013), renal diseases 

(Luczak et al., 2011), neurology (De Masi et al., 2013), foetal and maternal medicine 

(Cho and Diamandis, 2011), autoimmune disease (López-Pedrera et al., 2009), 

cardiovascular disease (Majek et al., 2011), diabetes (Sundsten and Ortsäter, 2009) and 

cancer (Gregorc et al., 2014). 

Biomarker is defined as a characteristic that is objectively measured and 

evaluated as an indicator of normal biological processes, pathogenic processes or 

pharmacologic responses to a therapeutic intervention (Biomarkers Definition Working 

Group, 2001).  Simple parameters from pulse, blood pressure to complex laboratory-

based investigations using cells, tissues and biofluids are classified as biomarkers.   
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Identification of unique protein biomarkers for cancer along with those 

indicating efficacious therapeutic intervention, lies in the understanding and real-time 

assessment of the perturbed biological processes that orchestrates the onset and 

progression of the disease (Miles et al., 2006).  Neoplastic events occurring during 

cancer brings about tangible and detectable changes at protein levels, either by 

rendering aberration in protein expression, modification or localisation (Srinivas et al., 

2001).  As such, application of proteomics technologies expands opportunities and 

possibilities for better understanding as well as wholesome-appraisal of these events.  

This, in turns aids in the discovery of biomarkers for risk assessment, diagnostics, 

prognostics and recurrences as well as therapeutic responses of cancer via the 

measurement and analysis of these altered levels of proteins.   

Although lacking in specificity and sensitivity, proteins including PSA, 

alpha-fetoprotein and carcinoembryogenic antigen are still being used for diagnosis of 

cancers of the prostate, liver and gastrointestinal tract, respectively.  Markers such as 

MTDH, SCC-A and HE4 have been previously identified for indicating progression, 

metastasis and poor prognosis of cancers including gall bladder adenocarcinoma (Liu 

and Yang, 2013), cervical carcinoma (Brioschi et al., 1991) and ovarian cancer (Trudel 

et al., 2012), respectively.  On the other hand, monitoring of responses to therapy of 

patients with cancers of pancreas and ovary as well as melanoma has been previously 

suggested via the measurement of proteins CA19-9 (Ballehaninna and Chamberlain, 

2012), CA125 (Pignata et al., 2011) and S100B (Harpio and Einarsson, 2004), 

respectively. 

Bodily fluids that have been mined for cancer biomarkers thus far, include 

serum or plasma, urine and other tissue-specific bio-fluids such as exfoliated skin cells, 

saliva, oral rinses, sputum, bronchoalveolar lavage, exhaled breath, nipple aspirate, 

ductal lavage, fine needle aspirates, gastric fluid, bile, pancreatic juice, stool, urine, 
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expressed prostatic secretions, seminal fluid, ovarian epithelial brushes/washes, 

menstrual flow, secretions or swaps of anatomic sites, circulating leukocytes, bone 

marrow aspirates and cerebrospinal fluid.  Among these, the dynamic nature of the 

circulatory system and its constituents that may be altered during pathogenesis of cancer 

and as such, reflected in the circulation, makes serum or plasma the ideal choice of 

biofluid (Hanash et al., 2008) for proteomics-based cancer biomarker studies.  Aside 

from this, urine, containing ultrafiltrate of plasma as well as proteins and peptide 

components that are shed from the urinary tract (Hortin and Sviridov, 2007) is also fast 

gaining popularity as biofluid for proteomic workflows.  This is most likely due to the 

attractive non-invasive and cost-effective attributes of urine sample collection (Pisitkun 

et al., 2006).  Table 2.5 demonstrates some of the investigations conducted using 

various types of bio-fluids on a variety of proteomic platform for identification of 

potential biomarkers for various types of cancer. 
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Table 2.5. Candidate biomarkers identified from bio-fluids in various cancer using proteomics technologies. 

 

Bio-fluid Biomarker Type of cancer Method Reference 

Plasma Increased level of HAPβ, SAP, AAT, ACT, AAG, RBP 

and TTR. 

Breast cancer 2-DE, Edman sequencing  Chahed et al., 2004 

Plasma Increased level of serum amyloid protein A. Osteosarcoma SELDI-ToF/MS, WB Li et al., 2006 

Albumin/IgG 

depleted serum  

Increased level of TTR. Pancreatic ductal 

adenocarcinoma 

2D-DIGE, MALDI-ToF–MS, 

WB, ELISA, IHC 

Chen et al., 2013  

AffiGel-blue 

depleted serum  

Increased level of four isoforms of HAP and two isoforms 

of AAT. 

Infiltrating ductal 

breast carcinomas 

2-DE, MALDI-ToF–MS, IHC Hamrita et al., 2009 

Serum Increased level of pigment epithelium-derived factor. Prostate cancer 2D-DIGE and LC-MS/MS Byrne et al., 2009 

Serum  Increased level of ceruloplasmin. Nasopharyngeal 

carcinoma 

2-DE, MALDI-ToF–MS, IHC, 

ELISA 

Doustjalali et al., 

2006 

Serum Increased level of ABG, ATR and ZAG.  Decreased level 

of AAT and KNG. 

Cervical cancer 2-DE, MALDI-ToF–MS, Lectin 

affinity chromatography, ELISA 

Abdul-Rahman et 

al., 2007  

Urine Increased level of CD90. Prostate cancer ICAT-MS & LC-SRM-MS True et al., 2010  

Urine Increased level of fragments of ALB.  Decreased level of 

CD59, KNG-1 and ITIH4f. 

Ovarian carcinoma 2-DE, MALDI-ToF–MS, WB Abdullah-Soheimi 

et al., 2010  

Urine Increased level of ZAG, AAG and CD59.  Decreased level 

of fragment of nebulin. 

Endometrial cancer 2-DE, MALDI-ToF–MS, WB, 

Lectin affinity chromatography, 

LC-MS/MS 
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Table 2.5 continued… 

Bio-fluid Biomarker Type of cancer Method Reference 

Expressed 

prostatic 

secretion-urine 

Increased level of PARK7 and 14-3-3σ.  Decreased level of 

TGM4, LTF, ANPEP, MME and TIMP1.  

Prostate cancer MudPIT, LTQ Orbitrap XL- 

FTMS, 1-DE, WB 

Principe et al., 

2012  

Saliva Increased level of AAT, HAP, C3, HPX and TTR. Oral squamous cell 

carcinoma 

2-DE, MALDI-ToF/MS, IHC, 

ELISA 

Jessie et al., 2013  

Nipple aspirate 

fluid 

Increased level of lipophilin B, β-globin, HPX and VDB.  

Decreased level of AHS. 

Breast cancer ICAT-MS, WB Pawlik et al., 2006  

CSF Decreased level of gelsolin.  Astrocytoma 2-DE, MALDI-ToF/MS, IHC Ohnishi et al., 2009  

Gastric fluid Increased level of alpha-defensin.  Decreased level of 

pepsinogen C and pepsin A activation peptide.  

Gastric cancer SELDI-ToF/MS Kon et al., 2008  

Sputum Increased level of enolase. Lung cancer 1-DE, LC-MS/MS, WB, ELISA Yu et al., 2014 

Bile Increased level of SSP411. Cholangiocarcinoma 2D LC-MS/MS, WB, IHC Shen et al., 2012 

Ascites fluid Identification of 52 candidate biomarkers (e.g., CD 59, CLU, 

PSAP and LRG). 

Ovarian cancer 2D LC-LTQ/MS Kuk et al., 2009 

 

Biomarkers - AAT, α1-antitrypsin; ACT, α1-antichymotrypsin; AHS, α2-HS-glycoprotein; ALB, albumin; C3, complement C3; CD59, CD59 glycoprotein; CLU, 

clusterin; HAP β, haptoglobin β-chain; HPX, hemopexin; ITIH4f, fragment of inter-alpha-trypsin inhibitor heavy chain H4; LRG, leucine- rich α2-glycoprotein;  

PSAP, proactivator polypeptide precursor; RBP, retinol binding protein; SAP, serum amyloid P; TTR, transthyretin; VDB, vitamin D-binding protein; ZAG, zinc-

alpha glycoprotein;  Proteomics technologies - FTMS, fourier transform mass spectrometer; ICAT, isotope-coded affinity tag; IHC, immunohistochemistry; LTQ, 

linear ion trap; MudPIT, multidimensional protein identification technology; SRM, single reaction monitoring. 
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MATERIALS & METHODS 

 

 

3.1. ARTOCARPUS FRUITS 

The fruits of champedak used to obtain the lectins were bought from a local 

market as the structure and glycoprotein binding specificity of lectins isolated from 

seeds of several different cultivars of champedak had been previously demonstrated to 

be similar (Hashim et al., 1993).  The CGB lectin was extracted from the champedak 

seeds as described in Section 3.6.1. 

 

3.2. HUMAN SERUM AND URINE SAMPLES 

Collection of serum and urine samples was done at the Prostate-TRUS 

Biopsy clinic, University of Malaya Medical Center (UMMC), Kuala Lumpur.  Samples 

were collected from newly diagnosed patients with stage I or stage II PCa, patients with 

BPH and age-matched control subjects.  The designation of stages of PCa of the patients 

were based on AJCC staging manual (2002) stage groupings (Table 2.3)  .  Subjects 

with BPH represent those with inflammation and without carcinoma whilst, age-

matched subjects with neither history of prostatic complaints nor treatments, served as 

controls in the study. 

Approval  from  Medical  Ethics  Committee  of UMMC,  which  operates 

according to the Declaration of Helsinki (Millum et al., 2013) was obtained prior to 

conducting the study (Appendix II).  All subjects were made to understand the purpose 

and risks of the study prior to obtaining their informed consent.  Relevant clinical and 

demographic information were recorded. 

Approximately 3 ml of blood was collected into plain BD vacutainers 

(Becton, Dickinson & Co, New Jersey, USA).  The specimens were left to stand at room 
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temperature for 30 minutes prior to centrifugation (Centromix II – BL, Indiana, USA) at 

3500 rpm for 20 minutes (Henry, 1979).  Serum samples were then carefully separated 

and kept at -80°C for subsequent experiments. 

Urine samples were collected in sterile plastic containers (Ningbo Sofine 

Electric Co. Ltd., Zhejiang, China) and immediately added with sodium azide to make a 

final concentration of 20 mM, as a means of preservation.  The samples were 

centrifuged (Eppendorf, Hamburg, Germany) at 10,000 rpm for 15 minutes at 4°C.  The 

resulting supernatant was dialysed against distilled water for 6 changes, at 4°C within 3 

days  using snakeskin  pleated dialysis  tubing (Thermo Fisher  Scientific,  Rockford,  

USA) for removal of salt and impurities (Oh et al., 2004).  Urinary proteins were finally 

aliquoted, freeze-dried (Labconco, Missouri, USA) and stored at –80°C until further 

use. 

To ensure complete removal of undesirable substances as well as to enable 

concentration and purification of the urinary proteins, acetone precipitation was 

performed as previously described (Botelho et al., 2010).  Lyophilized urine was re-

dissolved in 100 µl of 1× PBS, pH 7.2.  Four times of the sample volume of cold (–

20°C) acetone was added, vortexed and incubated overnight at –20°C.  This was 

followed by centrifugation for 15 minutes at 13,000 × g at 4°C.  Supernatant containing 

the interfering substances was carefully removed.  Pellet was washed briefly with 100 

µl of cold 90% acetone and centrifuged.  The resulting precipitated urinary protein 

pellet was finally air-dried and re-dissolved in sample rehydration buffer (described in 

Section 3.10.1) that is compatible with downstream application. 
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3.3. GENERAL MATERIALS 

All materials used in this study are listed together in accordance to their respective 

manufacturers. 

 

3.3.1. Chemicals  

i. GE Healthcare Biosciences, Uppsala, Sweden      

Acrylamide (MW: 71.08 g/mol)  

Amberlite® XAD4 

Bromophenol blue (MW: 669.99 g/mol) 

Coomassie Brilliant Blue (R250) 

Dithiothreitol (DTT) 

Glycerol 87% (MW: 92.09 g/mol) 

Glycine (MW: 75.07 g/mol) 

N,N’-methylene-bis-acrylamide (MW: 154.17 g/mol) 

Urea (MW: 60.06 g/mol) 

 

ii. Sigma Aldrich Company, St. Louis, USA   

Acetone (MW: 58.08 g/mol) 

Agarose  

Ammonium persulfate (APS) (MW: 228.20 g/mol) 

Ammonium sulphate (MW: 132.14 g/mol) 

D-Galactose (MW: 180.16 g/mol) 

Divinyl sulfone (DVS) (MW: 118.15 g/mol) 

EDTA- disodium salt dihydrate (MW: 372.24)  

Ethanolamine (16.9 M) (MW: 61.08 g/mol) 
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Formaldehyde 37% 

Hydrochloric acid 37% 

Iodoacetamide (IAA) (MW: 185.00 g/mol) 

N,N,N’,N’-Tetramethyl-ethylenediamine (TEMED) (MW: 116.21 g/mol) 

Sodium acetate (MW: 82.0343 g/mol) 

Sodium azide (MW: 65.01 g/mol) 

Sodium hydroxide (MW: 40.00 g/mol) 

Sodium thiosulphate (MW: 158.11 g/mol) 

Sodium periodate (FW: 213.90 g/mol) 

Trizma®Base (MW: 121.14 g/mol) 

 

iii. JT Baker®, Philadelphia, USA 

Acetic acid (MW: 60.05 g/mol) 

 

iv. Merck, Darmstadt, Germany 

Acetonitrile (ACN) (MW: 41.05 g/mol) 

Boric acid (MW: 61.83 g/mol) 

di-Sodium tetraborate (MW: 201.22 g/mol) 

Formic acid 98-100% 

Silver nitrate (MW: 169.88 g/mol) 

Sodium acetate trihydrate (MW: 36.08 g/mol) 

Sodium bicarbonate (MW: 84.01 g/mol) 

Sodium carbonate (MW: 105.99 g/mol) 

Sodium chloride (MW: 58.44 g/mol) 

Trifluoroacetic acid (MW: 114.02 g/mol) 

Tween
®
 20 (MW: 1228.00 g/mol) 
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v. J. Kollin Chemicals, UK 

Ethanol (MW: 46.07 g/mol) 

 

vi.  Fisher Scientific UK Limited, Leicestershire, UK 

di-Sodium hydrogen orthophosphate (MW: 177.99 g/mol) 

Potassium chloride (MW: 74.54 g/mol) 

Potassium dihydrogen phosphate (MW: 136.09 g/mol) 

Sodium dodecyl sulphate (SDS) (MW: 288.38 g/mol) 

 

3.3.2. Commercial kits and assays 

i. Siemens Medical Solutions Diagnostics, Tarrytown, USA 

 Creatinine_2 (CREA_2) assay 

 Prostate specific antigen (PSA) assay 

 

ii. Thermo Fisher Scientific, Rockford, USA 

 Pierce BCA protein assay kit  

 

iii. Nacalai Tesque Inc., Kyoto, Japan 

 Peroxidase stain DAB kit 

 

3.3.3. Materials for 2-DE 

i. GE Healthcare Biosciences, Uppsala, Sweden 

 Drystrip cover fluid 

 IPG buffer pH 4-7  

 IPG Immobiline dry strips 11 cm (pH 4-7 and 3-10) 
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 Pharmalyte™ 3-10 for IEF 

 

3.3.4. Materials for SELDI-ToF/MS  

i. BioRad Laboratories Inc., Hercules, USA 

 Energy absorbing matrix molecules - Sinapinic acid (SPA) 

 NP20 ProteinChip array
  

 Standard peptide array 

 

3.3.5. Materials for MS 

i. AB Sciex, Framingham, USA 

 Mass Standards Kit for Calibration  

 

ii. Sigma Aldrich Company, St. Louis, USA   

 Energy absorbing matrix molecules - α-cyano-4-hydroxycinnamic acid 

 

3.3.6. Chromatographic media 

i.  GE Healthcare Biosciences, Uppsala, Sweden  

 Cyanogen bromide-activated Sepharose™ 4B 

 Sepharose 4B 

 

3.3.7. Membrane  

i. Schleicher and Schuell, Dassel Germany 

 Nitrocellulose membrane  
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3.3.8. Enzyme and substrates 

i. Sigma Aldrich Company, St. Louis, USA   

 3,3’- Diaminobenzidine (DAB) 

 Peroxidase from horseradish (HRP) 

 

ii. Promega, Madison, USA 

    Trypsin Gold, MS grade 

 

3.3.9. Protein marker and ladder 

i. Thermo Fisher Scientific, Rockford, USA  

 Spectra multicolour low range protein ladder 

 Spectra multicolour broad range protein ladder 

 

3.3.10. Serological reagents 

i.  Biorbyt Ltd. Cambridge, UK  

 Goat anti-human ITIH4 

 

ii.  Abcam, Cambridge, UK 

 Rabbit anti-human bikunin  

  

iii.  Meridian Life Science Inc., Santa Cruz, USA 

 HRP-conjugated donkey anti-goat IgG 

 HRP-conjugated goat anti-rabbit IgG 
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3.4. STANDARD SOLUTIONS 

10× Phosphate-buffered saline (PBS): 0.14 M NaCl, 2.7 mM KCl, 8.1 mM Na2HPO4, 

1.5 mM KH2HPO4, pH 7.2 

NaCl   80.00 g 

KCl   2.00 g 

Na2HPO4  11.50 g 

KH2HPO4  2.00 g 

The pH solution was adjusted to 7.2, made up to 1 L with distilled water and stored at 

room temperature.   

 

1× PBS, pH 7.2 

PBS (100 ml of 10×), pH 7.2 was diluted with 900 ml of distilled water and stored at 

room temperature.   

 

PBS-Tween 20 (PBS-T) 

One ml of Tween 20 was diluted with 999 ml of 1× PBS and stored at room 

temperature. 

 

1× Tris Buffered Saline (TBS): 100 mM Tris-HCl, 0.9% HCl 

Trizma
®
Base  12.11 g 

NaCl   9.0 g 

Trizma
®
Base was dissolved in 900 ml distilled water and the pH of the solution was 

adjusted to 7.5 by the addition of concentrated hydrochloric acid (HCl).  NaCl was then 

added to the solution, made up to 1 L with distilled water and stored at room 

temperature.   
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TBS-Tween 20 (TBS-T): 100 mM Tris-HCl, 0.9% HCl, 0.1% Tween 20 

One ml of Tween 20 was diluted with 999 ml of 1× TBS and stored at room 

temperature. 

 

3.5. ASSAYS 

3.5.1. Biochemical assays 

Quantitative measurements of serum creatinine and PSA in the subjects’ 

serum samples were performed according to the manufacturer’s instructions using 

ADVIA 2400 Chemistry and ADVIA Centaur Systems (Siemens Medical Solutions 

Diagnostics, Tarrytown, USA), respectively.  Table 3.1 demonstrates the demographic 

and clinical characteristics of subjects involved in the study. 

 

3.5.2. Bicinchoninic acid (BCA) protein assay 

The BCA protein assay reduces Cu
2+

 to Cu
1+

 by protein in an alkaline 

medium with the highly sensitive and selective colorimetric detection of the cuprous 

cation (Smith et al., 1985).  The purple-coloured reaction product of this assay was 

formed by chelation of two molecules of BCA with one cuprous ion and thus, exhibiting 

a strong absorbance at 570 nm.  

The protein content in the samples was determined using Pierce BCA protein 

assay kit according to manufacturer’s instructions.  The absorbance readings of bovine 

serum albumin (BSA) standard, serum and lyophilised urine samples, CGB lectin and 

affinity chromatography enriched eluates were measured at 570 nm using Microplate 

Reader Model 680 (BioRad Laboratories, Hercules, USA).   Dilution scheme as shown 

in Table 3.2 was adapted for construction of BSA standard calibration curve. 
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Table 3.1. Demographic and clinical characteristics of subjects. 

 

Subgroups 

 
Serum (First part of the study) 

 
Urine (Second part of the study) 

 
BPH PCa 

 
Control BPH PCa 

N  8 8  15 20 13 

 

Ethnicity (M:C:I)
a
 

  

1:5:2 
 

2:5:1 
  

2:10:3 
 

6:10:4 
 

1:9:3 

 

Age (years)
b
 

  

65.3 ± 5.4 
 

69.0 ± 3.6 
  

64.8 ± 7.2 
 

66.2 ± 5.6 
 

69.6 ± 5.6 

 

PSA (ng/mL)
b
 

  

6.7 ± 1.7 
 

29.6 ± 48.5 
  

1.9 ± 1.0 
 

6.7 ± 1.8 
 

11.2 ± 7.7 

 

Serum creatinine (µmol/L)
b,c

 
  

NA 
 

NA 
  

91.9 ± 10.4 
 

93.7 ±19.3 
 

89.8 ± 20.6 

 
 

 

a) M:C:I refers to Malay: Chinese: Indian.  

b) Values expressed in mean ± SD. 

c) Serum creatinine values of 60-110 µmol/L is considered normal in men. 

NA, not applicable. 
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Table 3.2. Dilution scheme for standard microplate BCA assay. 

Volume of diluents 

(µl) 

Volume of BSA stock 

(µl) 

Final BSA concentration 

(µg/ml) 
   

100 0 Blank 

97.5 2.5 50 

95.0 5.0 100 

92.5 7.5 150 

90.0 10.0 200 

87.5 12.5 250 

85.0 15.0 300 

82.5 17.5 350 

80.0 20.0 400 

77.5 22.5 450 
   

 

3.6. PURIFICATION OF CGB LECTIN 

3.6.1. Extraction of crude lectin from seeds of champedak  

The extraction of crude lectin from champedak seeds was performed as 

previously described (Abdul Rahman et al., 2002).  Seeds of Artocarpus integer were 

washed and dried for 24 hours at 37°C.  They were then ground to powder using a 

blender and suspended in of 10% (w/v) of the seeds with 1× PBS, pH 7.2.  The 

suspension was left stirring (Global  Lab,  Seoul,  Korea)  overnight  at  4°C and  

centrifuged  (Thermo  Scientific, Rockford, USA) at 8000 × g for 15 minutes at 4°C.  

The resulting supernatant was then isolated and precipitated with ammonium sulphate 

(Sigma Aldrich Company, St. Louis, USA) at 60% saturation (w/v) for 30 minutes at 

room temperature.  The mixture was again centrifuged at 8000 × g for 15 minutes at 

4°C.  The resulting pellet containing crude extract of champedak lectin was re-dissolved 

in ice-cold 1× PBS, pH 7.2 prior to washing (dialysis) against 4 L of 1× PBS, pH 7.2 for 

48 hours.  The crude lectin extract was stored at –20°C. 
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3.6.2. Preparation of galactose Sepharose 4B column 

Purification of lectins from crude extract was performed by utilising galactose 

affinity chromatography.  Preparation of galactose Sepharose 4B column involved 

activation of Sepharose 4B with divinyl sulfone (DVS) (Jaramillo et al., 2012) and 

coupling of D-galactose to the activated-Sepharose 4B gel matrix (Pohleven et al., 

2012). 

 

Solutions and buffers 

0.5 M Sodium carbonate 

Sodium carbonate   10.6 g 

Double distilled water   200 ml 

The solution was stored at room temperature. 

 

0.5 M sodium bicarbonate 

Sodium bicarbonate   84.0 g 

Double distilled water   2 L 

The solution was stored at room temperature. 

 

20% (w/v) of D-galactose in 0.5 M sodium carbonate 

D-galactose    4.0 g 

The above was dissolved in 20 ml of 0.5 M sodium carbonate. 
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3.6.2.1. Activation of Sepharose 4B with DVS 

Activation of Sepharose 4B with DVS was performed as previously described 

(Hermanson et al., 1992).  DVS renders the chromatographic media, Sepharose 4B, 

active via its reactive vinyl groups and thus, enables the immobilisation of (galactose) 

sugar through hydroxyl linkages.  

A hundred ml of Sepharose 4B was washed with distilled water in a sintered 

glass funnel, suction dried to a wet cake and transferred into a 500 ml beaker.  The 

moist gel was re-suspended in 100 ml of 0.5 M sodium carbonate and stirred slowly.  

Activation of the gel was performed by slowly adding 10 ml of DVS to the suspension 

over a period of 15 minutes in fumehood, with constant stirring.  The mix was 

continuously stirred for another hour.  This is followed by extensive washing of the gel 

with distilled water until the filtrate was no longer acidic which was subsequently used 

for coupling with galactose.                   

 

3.6.2.2.  Coupling of D-galactose to DVS-activated Sepharose 4B  

Twenty ml of DVS-activated Sepharose 4B gel was suspended in an equal 

volume of 20% (w/v) of D-galactose in 0.5 M sodium carbonate.  The mixture was 

stirred at room temperature for 24 hours before the gel was washed successively with 2 

L of distilled water and 0.5 M sodium bicarbonate.  The gel was later re-suspended in 

0.5 M sodium bicarbonate containing 2 ml of β-mercaptoethanol by stirring for 2 hours 

in a fumehood to block excess vinyl reactive groups.  The gel was then washed with 2 L 

of water followed by same volume of 1× PBS, pH 7.2.  The resulting galactose-coupled 

Sepharose 4B gels were finally packed into polypropylene columns (2.8 cm in diameter) 

to a bed volume of 16 cm in height. 
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3.6.3.  Purification of CGB lectin 

Solution 

0.8 M D-galactose 

D-galactose    28.8 g 

The above was dissolved in 200 ml of 1× PBS, pH 7.2. 

 

Methodology 

Purification of CGB lectin was performed as illustrated in Figure 3.1.  Fifty 

ml of the crude lectin extracts was applied into a pre-equilibrated D-galactose-coupled 

DVS-activated Sepharose 4B immobilised affinity column.  The initial flow-through 

was applied again into the column in order to maximise the retention of CGB lectin.  

The column was washed extensively with 1× PBS, pH 7.2.  Unbound fractions of 50 ml 

were collected and the absorbance was constantly monitored at 280 nm using U-2000 

Spectrophotometer (Hitachi, Tokyo, Japan) until a  baseline reading was reached (Abs 

280 nm < 0.005).  This was followed by elution of bound CGB lectins using 0.8 M D-

galactose in 1× PBS, pH 7.2.  The absorbance monitoring was continued for the bound 

fractions as well.  The bound fractions with readings of high absorbance were pooled, 

dialysed against 1× PBS, pH 7.2 and lyophilised for subsequent applications. 

 

3.7. ASSESSMENT OF PURIFIED CGB LECTIN 

3.7.1. Determination of concentration of CGB lectin 

The concentration of the lyophilized CGB lectin was estimated using BCA 

protein assay as described in Section 3.5.2.  Serially diluted stock concentration of BSA 

at 2 mg/ml served as standard for the BCA assay. 
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                 Figure 3.1.  Purification workflow for CGB lectin. 

 

 

3.7.2. Determination of purity of CGB lectin  

The purity of the isolated CGB lectin was assessed using sodium dodecyl 

sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) as well as SELDI-ToF/MS.  

The latter was used for profiling of CGB lectin with better accuracy. 

 

3.7.2.1. SDS-PAGE 

The isolated CGB lectin was electrophoresed on a 18% SDS-PAGE gel and 

stained using hot Coomassie Blue stain.  The molecular weight of the electrophoresed 

CGB lectin was estimated by comparing to the spectra multicolour low range protein 

ladder. 
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Solutions and buffers  

Solution A (monomer):   30% acrylamide, 0.8% N, N’-methylenebisacrylamide 

Acrylamide    60 g 

N, N’-methylenebisacrylamide  1.8 g 

Double distilled water  topped up till 200 ml 

The solution was deionised using Amberlite® XAD4, filtered and stored in dark bottle 

at 4°C. 

 

Solution B (4× resolving buffer):  1.5 M Tris-HCl, pH 8.8 

Trizma® Base    36.23 g 

Double distilled water   150 ml 

The pH of the solution was adjusted to 8.8 using hydrochloric acid (HCl), topped up till 

200 ml and stored at 4°C. 

 

Solution C:  10% (w/v) SDS 

SDS     10 g 

Double distilled water   100 ml 

The solution was stored at room temperature. 

 

Solution D:  10% (w/v) Ammonium persulphate (APS) 

APS     2 g 

Double distilled water   20 ml 

APS was kept in aliquots of 0.2 ml at –20°C.   

 

Solution E:  N, N, N’, N’-tetrametylethylenediamine (TEMED) 
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Solution F:  0.5 M Tris-HCl, pH 6.8 

Trizma® Base    6.1 g 

Double distilled water   50 ml 

The solution was adjusted to pH 6.8 using HCl, topped up till 100 ml and stored at 4°C.  

 

4× SDS-PAGE sample buffer:  62.5 mM Tris-HCl, pH 6.8; 10% (w/v) glycerol, 2% 

(w/v) SDS, 1% (w/v) DTT and 0.01% (w/v) bromophenol blue 

0.5 M Tris-HCl, pH 6.8  2.5 ml 

Glycerol    2.0 ml 

SDS     400 mg 

DTT     200 mg 

Bromophenol blue   few grains 

All the above was mixed well and made up to 20 ml with double distilled water.  

Subsequently, 1 ml aliquots were prepared and stored at –20°C.   

 

SDS Electrophoresis Buffer:  25mM Tris, 192mM glycine, 0.1% (w/v) SDS, pH 8.3 

Trizma Base    3.03 g 

Glycine    14.4 g 

SDS      1.0 g 

The solution was adjusted to pH 8.3 using HCl, topped up to 1 L and stored at 4°C.  

 

Hot Coomassie Blue stain: 10% (v/v) acetic acid, 0.1% (w/v) Coomassie Brilliant Blue  

The stain solution was kept at room temperature and heated up to 90°C for 5 minutes, 

prior to use.  The stain solution was recycled for up to 3 times use. 

 

Destaining solution: 10% (v/v) acetic acid solution 
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Methodology 

i) Preparation of stacking and resolving gels 

The 18% resolving gel mixture was prepared according to Table 3.3.  The 

resolving gel mixture was carefully pipetted into the glass plate sandwich and 

subsequently, overlaid with distilled water to achieve an even gel surface.   Once the gel 

was polymerized, the water overlay was removed and replaced with stacking gel 

mixture.  A gel comb was inserted into the stacking gel layer and was left to polymerise. 

 

Table 3.3. Resolving and stacking gels preparation for SDS-PAGE. 

Solutions^ 
Resolving gel  

Stacking gel 
10% 18%  

     

Solution A (ml) 6.66 12  0.65 

Solution B (ml) 5 5  - 

Solution C (µl) 200 200  50 

Solution D* (µl) 100 100  25 

Solution E* (µl) 6.6 6.6  5 

Solution F (ml) - -  1.25 

Mili Q water (ml) 8.03 2.69  3.05 

Total volume (ml) 20 20  5.03 
     

 

 

^ The volumes of solutions are sufficient for the preparation of 2 gels. 

* Added prior to use only. 

 

ii) SDS-PAGE  

Samples were mixed at a ratio of 1:1 with 4× SDS-PAGE sample buffer and 

boiled at 80°C for 5 minutes.  Approximately 7 µl of sample was loaded into each well 

alongside a protein ladder marker.  The electrophoresis was performed using Mini-

PROTEAN
®
 Tetra Cell and PowerPac™ HC Power Supply (BioRad Laboratories, 

Hercules, USA).  The run condition was initially set at 50 Volt (V) for 30 minutes and 
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later, switched to 90 V till the blue dye front was about 1 cm from the bottom of the gel.  

The gel was finally stained using Hot Coomassie Brilliant Blue stain. 

 

iii) Hot Coomassie staining 

Coomassie dye allows detection of more than 100 ng of proteins (Weiss et al., 

2009b).  In acidic buffer conditions, Coomassie dye binds to basic and hydrophobic 

residues of proteins and thus, changing from dull reddish-brown to intense blue colour. 

Following electrophoresis, the gels were rinsed with distilled water to remove 

residual SDS that may interfere with dye-binding.  The Coomassie stain solution was 

heated up to 90°C and poured into a container containing the electrophoresed gel.  The 

container was left to shake on a rocking platform for 30 minutes.  The stain solution was 

removed from the gel and rinsed with 20 ml of destaining solution to remove excess 

unbound Coomassie dye from the gel matrix.  Fresh destain solution was added to the 

container and a piece of KimWipe (Kimberley-Clark Professional, Roswell, USA) was 

placed on the top of the solution to accelerate the destaining procedure.  The gel was left 

to shake on the rocking platform overnight before being rinsed in distilled water and 

scanned using Image Scanner III (GE Healthcare, Uppsala, Sweden). 

 

3.7.2.2. SELDI-ToF/MS analysis 

As illustrated in Figure 3.2, the SELDI-ToF/MS technique involves a 

biochemical properties-dependent, non-covalent binding of molecules of interest in 

complex biological samples to the surface of a ProteinChip array (Hutchens and Yip, 

1993).  The bound molecules on the array will then be analysed using the ProteinChip 

SELDI reader (PSC 4000) (Bio-Rad Laboratories, Hercules, USA). 
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                         Figure 3.2.  SELDI-ToF/MS analysis. 

 

Solution for matrix 

Energy absorbing matrix molecules – Sinapinic acid (SPA) 

SPA in 50% acetonitrile (ACN) (v/v) 0.5% formic acid (FA). 

 

Methodology 

NP (normal phase) 20 ProteinChip array was used to analyse the purity of the 

eluted CGB lectin.  The NP20 ProteinChip array has a general protein binding surface 

that allows proteins to bind through hydrophilic and charged residues, including serine, 

threonine and lysine, and as such, renders it suitable for purity assessment for purified 

CGB lectin.   
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One μl of the saturated energy absorbing SPA matrix solution was first added 

to a NP20 ProteinChip array spot and left to air-dry for 5 minutes at room temperature.  

Subsequently, 1 μl of 1 mg/ml CGB lectin at a dilution of 1:50 was added to the spot 

and similarly air-dried.  This was followed by addition of 1 μl matrix onto the same 

arrays’ spot and thus forming a sandwich preparation of matrix and CGB lectin.  The 

spotted array was left to dry completely for 20 minutes at room temperature and 

subsequently analysed using ProteinChip SELDI reader (PSC 4000).  Data collection 

was carried out in positive mode.  The resulting spectrum was calibrated using standard 

peptides array consisting of arginine 8-vasopressin (1,084.25 Da), somatostatin 

(1,637.90 Da), dynorphin A (2,147.50 Da), adrenocorticotropic hormone (ACTH) 

(2,933.50 Da), beta-endorphin (3,465.00 Da) and arginine-insulin (5,960.80 Da).  

 

3.8.  HRP-CONJUGATED CGB LECTIN 

The conjugation of HRP to CGB lectin was performed according to the 

previously established protocol (Hudson and Hay, 1980). 

 

Standard buffers and solutions 

0.1 M Sodium periodate 

Sodium periodate   21.39 mg 

Sodium periodate was dissolved in 1 ml of double distilled water.  The solution was 

prepared fresh prior to use. 
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1 mM Sodium acetate buffer, pH 4.4 

Sodium acetate   8.20 g/ L 

Acetic acid    6.0 g/L 

Sodium acetate solution was mixed with acetic acid solution at a ratio of 1:2.  The 

solution was diluted with double distilled water to a final concentration of 1 mM. 

 

0.1 M Sodium carbonate buffer, pH 9.5 

Sodium carbonate   10.6 g/L 

Sodium hydrogen carbonate   8.4 g/L 

Sodium carbonate solution was added to the sodium hydrogen carbonate solution until 

pH 9.5 was obtained. 

 

0.4% (w/v) Sodium borohydride 

Sodium borohydride   4.0 mg 

Sodium borohydride was dissolved in 1 ml of double distilled water. 

 

0.1 M borate buffer, pH 7.4 

di-Sodium tetraborate   9.54 g/ 250 ml 

Boric acid    24.73 g/ 4 L 

Approximately 115 ml of borate solution was added to 4 L of boric acid to solution until 

pH reaches 7.4. 
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Methodology 

 Four mg of HRP was dissolved in 1 ml of double distilled water.  Next, 200 

μl of 0.1 M sodium periodate solution was added to the HRP solution resulting in a 

green coloured solution.  The solution was then stirred for 20 minutes at room 

temperature and dialyzed against 0.1 mM sodium acetate buffer, pH 4.4 at 4°C, 

overnight.  The pH of the HRP dialysate was then raised to 9.5 by the addition of 

approximately 25 μl of 0.1 M sodium carbonate buffer, pH 9.5.  One ml of 2 mg/ml 

CGB lectin was immediately added to the mix and left to stir for 2 hours at 4°C.  Free 

enzyme of HRP, if present, was reduced by addition of 100 μl of 0.4% (w/v) sodium 

borohydride and left to stand at 4°C for another 2 hours.  Finally, the HRP-conjugated 

CGB lectin was dialysed overnight against 0.1 M sodium borate buffer, pH 7.4 at 4°C.  

The conjugated products were diluted with equal volume of 60% glycerol in 0.1 M 

borate buffer, pH 7.4 and stored in aliquots at 4°C. 

 

3.9.  CGB LECTIN AFFINITY COLUMN CHROMATOGRAPHY 

3.9.1. Preparation of CGB lectin affinity column  

Solutions 

0.1 M sodium bicarbonate, pH 8.5 

Sodium bicarbonate   8.4 g 

The solution was adjusted to pH 8.5 using HCl and topped up till 1 L with distilled 

water. 

 

1.0 M sodium chloride 

Sodium chloride   70.13 g 

Sodium chloride was dissolved and topped up till 1.2 L with distilled water. 
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1.0 M ethanolamine, pH 9.0 

Ethanolamine    11.8 ml 

Ethanolamine was slowly mixed with distilled water to 200 ml and pH adjusted to 9.0 

using HCl via the use of pH indicator strip (Sigma Aldrich Company, St. Louis, USA). 

 

Methodology 

Four g of cyanogen bromide-activated Sepharose 4B gel was rehydrated 

overnight in ice-cold double distilled water at 4°C by gentle stirring.  About 12 ml of 

the rehydrated gel (settled volume) was washed with 2 L of ice-cold distilled water and 

1 L of ice-cold 0.1 M sodium bicarbonate, pH 8.5, successively.  The gel was suction 

dried into a moist cake using a sintered glass funnel and Buchner suction.  This was 

followed by gentle stirring of the gel cake with 12 ml of CGB lectin at 4 mg/ml (with 4 

mg/ml protein concentration) at 4°C for 20 hours.  Following incubation, the mixture 

was promptly filtered.  The initial filtrate was collected to assess the column preparation 

efficiency whilst, the (CGB lectin-coupled gel matrix) retentate was subsequently 

washed with 200 ml of 1.0 M sodium chloride and 200 ml of distilled water.  The gel 

was suction-dried and left stirring in 100 ml of 1.0 M ethanolamine, pH 9.0 for an hour 

at room temperature in a fumehood.  This was followed by an extensive washing with 1 

L of 1.0 M sodium chloride and distilled water, respectively.  Finally, 3 ml of gel bed 

was packed into disposable columns (Thermo Scientific, Rockford, USA) for 

subsequent isolation of O-glycosylated proteins from respective serum and urine 

samples.   

To assess the non-specific interaction between biological samples and 

chromatographic matrix, a similar affinity column was prepared and affinity 

chromatography was subsequently performed using uncoupled activated and inactivated 

Sepharose 4B gel matrix.  
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3.9.2. Efficiency of CGB lectin immobilisation  

The efficiency of CGB lectin affinity column that was prepared was 

determined based on the successful immobilisation of CGB lectin to CNBr-activated 

Sepharose 4B gel matrix.  This was estimated using the following formulae. 

 

 

 

3.9.3. Isolation of O-glycosylated protein using CGB lectin affinity column 

chromatography 

The immobile phase of the column was made-up of CNBr-activated 

Sepharose 4B gel.  It was covalently linked to the CGB lectin thus, forming an intricate 

matrix that has high affinity towards O-glycosylated proteins.  Samples (mobile phase) 

containing the target molecule were bound to the CGB lectin sites whilst, other 

molecules that do not possess the property or recognition for adherence were washed 

away.  Finally, the entrapped O-glycosylated proteins was displaced and eluted out 

using sugar at high concentration.  Figure 3.3 demonstrates the workflow involved in 

isolation of O-glycosylated protein using CGB lectin affinity column chromatography.  
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Figure 3.3. Affinity column chromatography. 

 

Solution and buffer 

0.1 M melibiose in 1× PBS, pH 7.2 

Melibiose   3.42 g 

Melibiose was dissolved in 100 mL of 1× PBS, pH 7.2 and stored at 4°C. 

4 L of 0.5× PBS, pH 7.2 

200 ml of 10× PBS, pH 7.2 was diluted to 4 L using distilled water. 

 

Methodology 

The CGB lectin columns were pre-equilibrated with 1× PBS, pH 7.2 with five 

times bed volume (~15 ml).  Then, 200 μl of pooled neat serum and/or approximately 

500 µg of dialysed pooled urine samples
1
 (as described in Section 3.2) were applied 

separately into columns.  The flow through was allowed to pass through the column 

                                                 
1
 This was intended for nano LC-MALDI ToF/ToF experiment. 
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twice to ensure maximal binding of O-glycosylated proteins to immobilised CGB lectin.  

The column was washed with 1× PBS, pH 7.2 and fractions of 5 ml were collected.  The 

fractions were monitored for their absorbance at 280 nm using a quartz 

spectrophotometer cell (BioRad Laboratories, California, USA) and U-2000 

Spectrophotometer (Hitachi, Tokyo, Japan).  Elution of (bound) O-glycosylated protein 

enriched fractions was performed using 0.1 M melibiose in 1× PBS, pH 7.2.  The 

fractions were similarly assessed spectrophotometrically for traces of bound proteins. 

Bound protein fractions with high absorbance reading were pooled and 

dialyzed against 4 L of 0.5× PBS for 72 hours using dialysis tubing cellulose membrane 

(Sigma Aldrich Company, St. Louis, USA).  The dialysate was finally desalted and 

concentrated using Vivaspin column concentrator (Sartorius Stedim Biotech, Göttingen, 

Germany) and kept at –20°C for subsequent experiments.  Chromatographic separation 

profiles of each type and group of samples were constructed by plotting absorbance at 

280 nm versus number of fractions (Figures 4.9 and 4.20).  

 

3.10. 2-DE 

2-DE involves isoelectric focusing (IEF) of protein complex mass in their 

native state according to pI and later, by second-dimensional electrophoresis (SDS-

PAGE) which separates the proteins according to their molecular weight.  In this study, 

2-DE was performed according to the optimised condition as demonstrated in Table 3.4 

for proteomic profiling of neat serum and acetone precipitated urine as well as enriched 

O-glycosylated proteins isolated using CGB lectin affinity column chromatography (see 

Section 3.9.3). 
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Table 3.4. Optimised conditions for 2-DE. 

 

Sample 

Optimised 

concentration 

(µg) 

2DE 

1
st 

Dimension  2
nd

 Dimension 

Strip Buffers Run condition  
SDS-

PAGE gel 
Buffers Run condition 

 

 

Neat serum 

 

 

800 

IPG 

Immobiline 

Drystrip pH 

4-7, 11 cm 

 

Sample 

buffer:          

30 min 

 
 

Rehydration 

solution with 

IPG buffer  

pH 4-7:       

30 min 
 

Phase I: 

300 V, 2 mA,           

5 W, 30 min 

 

Phase II: 3500 V, 

2 mA, 5 W,           

15 kV/h 

 

8–18% 

gradient 

 

 

Anode chamber: 

Anode buffer 

 
Cathode 

chamber: 

SDS 

electrophoresis 

buffer* 

 

Phase I: 

50 V, 40 mA, 

15 W/gel,           

30 min 

 
Phase II: 

600 V, 40 mA, 

25 W/gel,            

1-2 hour(s) 

 

Serum O-

glycosylated protein  

 

60 

 

Acetone precipitated 

urine 
100 

IPG 

Immobiline 

Drystrip pH 

3-10, 11 cm 

Rehydration 

solution with 

Pharmalyte 

pH 3-10 for 

IEF:  2 hours 

Phase I: 

300 V, 2 mA,           

5 W, 30 min 
 

Phase II: 

3500 V,  2 mA,        

5 W, 12 kV/h 

 

12.5% 

homogenous 

 

 

Anode chamber: 

SDS 

electrophoresis 

buffer 

 

Cathode 

chamber: SDS 

electrophoresis 

buffer* 

 
 

 

Phase I: 

50 V, 17 mA, 

15 W/gel,                

30 min 

 
Phase II: 

600 V, 25 mA, 

15 W/gel,            

2-3 hours 

 

* Prepared fresh prior to use.

Univ
ers

ity
 of

 M
ala

ya



 

79 

3.10.1. First dimensional electrophoresis – IEF 

Buffers 

Sample buffer:  9 M urea, 60 mM DTT, 2% (v/v) IPG buffer pH 4-7, 0.5% (v/v) Triton 

X-100 

  Urea     13.5 g 

  DTT     250.0 mg 

  IPG buffer pH 4-7   0.5 ml 

  Triton X-100    0.13 ml 

All the above was mixed and made up to 25 ml with double distilled water and kept in 

aliquots of 200 ml at –20°C.   

 

Rehydration solution with IPG buffer pH 4-7:  8 M urea, 0.5% (v/v) IPG buffer pH 4-

7, 0.5% (v/v) Triton X-100 

  Urea     12.0 g 

  IPG Buffer pH 4-7   0.13 ml 

  Triton X-100    0.13 ml 

  A few grains of Orange G. 

The solution was made up to 25 ml by addition of double distilled water and kept in one 

ml aliquots at –20°C.  Prior to use, 12 mM DTT was added to the solution. 

 

Rehydration solution with Pharmalyte pH 3-10:  8 M urea, 0.5% v/v Pharmalyte pH 

3–10, 0.5% v/v NP-40  

  Urea     12.0 g 

  Pharmalyte pH 3-10    0.13 ml 

  NP-40     0.13 ml 

  Few grains of Orange G. 
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The solution was made up to 25 ml by addition of double distilled water and kept in one 

ml aliquots at –20°C.  Prior to use, 12 mM DTT was added to the solution. 

 

3.10.1.1. Sample preparation and rehydration 

Serum and urine samples were prepared according to Doustjalali et al., (2004) 

and Abdullah-Soheimi et al., (2010) with little modification for the first dimensional 

separation.  The concentration of neat serum, acetone precipitated urine and O-

glycosylated serum proteins were optimised to 800 µg, 100 µg and 60 µg, respectively 

to generate high resolution separation and reproducible protein profiles.   

Serum proteins were mixed with appropriate volumes of sample buffer (three 

times volume of samples) and incubated at room temperature for 30 minutes.  

Subsequently, rehydration solution with IPG buffer pH 4-7 was added to the mixture to 

a final volume of 200 µl and again incubated at room temperature for 30 minutes.  On 

the other hand, 200 µl of rehydration solution with Pharmalyte pH 3-10 was directly 

added to the air-dried acetone precipitated urine samples prior to incubation at room 

temperature for 2 hours.  The sample mixtures were then loaded into the immobiline 

drystrip reswelling tray (GE Healthcare, Uppsala, Sweden) and appropriate drystrips 

(Table 3.4) was carefully lowered with the gel side down onto the sample mixture.   

Three ml of drystrip cover fluid was pipetted into sample slot to minimize evaporation 

of sample mixture and urea crystallization.  The immobiline drystrips was left to stand 

for 18 hours at room temperature to ensure complete rehydration and uptake of sample 

prior subjecting it to IEF using Multiphor™ II Flatbed electrophoresis system and 

Electrophoresis Power Supply EPS-3501 XL (GE Healthcare, Uppsala, Sweden).   
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3.10.1.2. First dimensional run 

The temperature of IEF apparatus was conditioned at 18°C using a cooling 

circulator (Grant Instrument Ltd., Cambridge, UK).  Five ml of drystrip cover fluid was 

pipetted onto the cooling plate and the immobiline drystrip tray was positioned on the 

cooling plate (without bubbles) with the respective anode (red) and cathode (black) 

electrode leads on the tray connected to the Multiphor unit.  About 10 ml of drystrip 

cover fluid was poured into the immobiline drystrip tray.  An immobiline drystrip 

aligner with 12-groove-side-up was placed into the tray on top of the cover fluid.  The 

rehydrated IPG strips were then transferred to the grooves of the immobiline drystrip 

aligner.  Distilled water moistened electrode strips were placed across the cathodic and 

anodic ends of the aligned IPG immobiline strips whilst, the electrodes were aligned 

over the electrode strips.  Finally, the IPG immobiline strips were covered with cover 

fluid to ensure good thermal contact.  All apparatus used were from GE Healthcare 

Biosciences (Uppsala, Sweden).   

IEF was performed according to the pH and length of IPG strips used, as 

recommended by the manufacturer (Table 3.4).  Once completed, the focused strips 

were individually stored at –80°C in screw-cap tubes. 

 

3.10.2. Second dimensional electrophoresis – SDS-PAGE 

Solution and buffers 

Solutions for SDS-PAGE such as solution A (monomer), solution B (4× resolving 

buffer), solution C (10% SDS) and solution D (10% APS) were prepared as described in 

Section 3.7.2.1.  Additionally, the following was prepared: 
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SDS equilibration buffer: 50 mM Tris-HCl pH 8.8, 6 M urea, 30% v/v glycerol, 2% 

w/v SDS 

Tris-HCl, pH 8.8   25 ml 

Urea     180.2 g 

Glycerol    172.5 ml 

SDS     10.0 g 

The solution was made up to 500 ml using double distilled water and stored at room 

temperature.  Prior to use, 1% (w/v) DTT and 4.5% (w/v) IAA are added consecutively 

to the buffer solution for the intended two-step equilibration. 

 

Anode buffer:  0.37 M Tris-HCl, pH 8.8 

Tris-HCl    136.2 g 

The solution was made up to 3 L with distilled water, following pH adjustment of the 

buffer to 8.8 using HCl. 

 

SDS electrophoresis buffer:  25 mM Tris-HCl, 192 mM glycine, 0.1% (w/v) SDS   

Tris-HCl    3.03 g 

Glycine    14.4 g 

SDS     1.0 g 

The solution was made up to 1 L with distilled water.  Buffer was prepared fresh prior 

to use. 

 

0.5% Agarose sealing solution 

  Agarose    0.25 g 

  SDS electrophoresis buffer  50 ml 

  Few grains of bromophenol blue. 
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The mixture was swirled to disperse the agarose and heated in a microwave oven until 

the agarose was completely dissolved. 

 

3.10.2.1.  Preparation of SDS PAGE gel 

In this study, 8-18% gradient gel was used for 2-DE proteomic profiling of 

serum proteins whilst, 12.5% homogenous gels for urinary proteins.  The use of gradient 

gels renders wider overall separation and larger linear separation range, in addition to 

offering enhanced resolution due to the spot sharpening effect (minimised diffusion) as 

proteins migrate into pores of decreasing size (Molloy and McDowell, 2005).  On the 

other hand, a homogenous gel offers better resolution for a particular Mr range (e.g., 

12.5% acrylamide concentration for Mr of 14-100 kDa range of protein separation) 

(Heumann, 2003). 

  

a)  8-18% gradient polyacrylamide gel 

Glass plates (16 × 18 cm) were assembled as sandwich in the gel caster 

according to the manufacturer’s instruction.  A 1 mm thick gradient gel was prepared 

according to the solution composition (Table 3.5) consisting of a low (8%) and high 

(18%) percentages of gel solutions using a gradient makers (Model SG 30, Hoefer, 

USA).  Gradient maker consists of 2 chambers joined by a narrow connector at their 

bases with an outlet at the base of the second chamber.  Solutions were placed in the 

designated chambers of the gradient maker and constantly stirred before the valve was 

opened to allow mixing of both solutions.  Draining from the outlet chamber (high 

percentage of gel solution) was progressively diluted with low percentage of gel 

solution from inlet chamber until the gradient marker emptied the outflowing material.  
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The gradient maker was connected to a peristaltic pump - EYELA (Tokyo Rikakikai 

Co., Tokyo, Japan) by tubing with a canula at one end to regulate a constant flow of 2.5 

ml per minute of the mixed solution into the glass plate sandwich.  Finally, the gel was 

immediately overlaid with distilled water to create a flat gel surface as well as to 

minimise exposure to oxygen, and allowed to polymerise overnight.   

 

b)  12.5% homogenous polyacrylamide gel 

Glass plates (16 × 18 cm) were similarly assembled as described above.  A 1 

mm thick homogenous gel consisting of uniform polyacrylamide concentration of 

12.5% was prepared according to the solution composition as shown in Table 3.5.  The 

solution mixture was filled into the glass plate sandwich to 3 to 10 mm below the top of 

the glass plates, overlaid with distilled water and allowed to polymerise overnight.   

 

3.10.2.2.  Equilibration of IPG immobiline drystrips 

Equilibration of IPG immobiline drystrips was performed in two steps using 

SDS equilibration buffer (EB), prior to second-dimensional run.  The first step involved 

equilibration of strips in EB with 1% (w/v) DTT.  DTT preserves the fully reduced state 

of denatured, un-alkylated proteins in the sample.  Fifty mg of DTT was dissolved in 5 

ml of SDS-EB for each strip.  Once dissolved, the solution was pipetted into a tube 

containing the IPG immobiline drystrip and shaken gently on a rocking platform for 15 

minutes.  The DTT containing EB was then discarded and replaced with second change 

of EB consisting of 4.5% (w/v) IAA instead, in 5 ml of EB (for each strip) with a few 

grains of bromophenol blue (tracker dye).  IAA alkylates thiol group on proteins in the 

samples and thus, preventing its re-oxidation during electrophoresis.  The second step of 
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equilibration with IAA was similarly carried out for 15 minutes, after which the solution 

was discarded.  The IPG immobiline drystrip was immediately rinsed with freshly 

prepared SDS electrophoresis buffer, laid on the surface of appropriate gel (Table 3.5) 

and sealed with 0.5% agarose sealing solution.  

 

Table 3.5. Gradient and homogenous gels preparation. 

 
 

Solutions^ 
Gradient (8-18%) Homogenous            

(12.5%) Light Heavy 

Solution A 
6.4 ml 14.4 ml 20.85 ml 

Solution B 6 ml 6 ml 12.5 ml 

Solution C 240 µl 240 µl 500 µl 

Solution D* 40 µl 40 µl 15.9 µl 

Solution E* 4 µl 4 µl 16.5 µl 

Sucrose - 3.6 g 250 µl 

Mili Q water  11.36 ml Topped up to 24 ml ~ 50 ml 

 

   ^  The volume of solutions is sufficient for preparation of two (14 × 14 cm) gels. 

   *  Added directly into the chambers containing high and low percentages of 

solutions. 

 

3.10.2.3. Second dimensional run 

The 2-D molecular weight-based electrophoresis was carried out using SE 

600 Ruby Electrophoresis System (GE Healthcare, Uppsala, Sweden) linked to a 

cooling circulator (Grant Instrument Ltd., Cambridge, UK) and Power Supply-EPS601 

(GE Healthcare, Uppsala, Sweden) at 18°C.  The electrophoresis was performed in two 

phases using appropriate run condition and buffers as shown in Table 3.4.  The 

electrophoresis was terminated once the tracker dye reaches the bottom of the gel.  The 
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gels were carefully removed and subjected to either silver staining procedure or, 

electrotransferred onto a NC membrane.  The upper corner nearest to the pointed end of 

the IPG immobiline strip was marked at each gel, to identify the acidic end of proteins. 

 

3.11. SILVER STAINING OF 2-DE GELS 

Silver staining is the most sensitive colorimetric method, allowing detection 

of protein at the range of ng (Weiss et al., 2009b).  The technique involves deposition of 

metallic silver onto the surface of a gel at the location of protein spots.  Silver ions 

interact and bind with specific protein functional groups such as the carboxylic acid 

groups (Asp and Glu), imidazole (His), sulfhydryls (Cys), and amines (Lys).  The silver 

ions are then reduced to metallic silver, resulting in brown-black colour following 

addition of developing solution.   

In this study, silver staining of the 2-DE gels was performed as previously 

described (Yan et al., 2000) with minor modification.  The method was based on the 

method developed by Heukeshoven and Dernick (1988) but omitted the use of 

glutaraldehyde in the sensitisation step and formaldehyde in the silver impregnation 

step.  This ensured compatibility for the ionization method for the subsequent MS.  All 

solutions were prepared fresh prior to staining with particular care to avoid 

contamination by keratin and other extraneous proteins. 

 

Solutions (The following solutions are sufficient for staining of 4 gels). 

Fixing solution:   40% (v/v) ethanol, 10% acetic acid  

Ethanol    200 ml 

Acetic acid    50 ml 

The solution was made up to 500 ml with double distilled water. 
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Sensitising solution: 30% (v/v) ethanol, 0.5 M sodium acetate trihydrate, 12.7 mM 

sodium thiosulphate 

Ethanol    150 ml 

Sodium acetate trihydrate  34.0 g  

Sodium thiosulphate   1.0 g 

Solution was made up to 500 ml of double distilled water. 

 

Silver solution:  14.7 mM silver nitrate 

Silver nitrate    1.25 g 

Solution was made up to 500 ml with double distilled water.   

 

Developing solution:  0.24 M sodium carbonate, 0.04% (v/v) formaldehyde 

Sodium carbonate   12.5 g 

Solution was made up to 500 ml with double distilled water.  Prior to use, 200 µl of 

formaldehyde was added. 

 

Stopping solution:  40 mM EDTA-sodium dihydrate 

EDTA-sodium dihydrate  14.6 g 

Solution was made up to 500 ml with double distilled water.   

 

Preserving solution:  10% (v/v) glycerol 
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Methodology 

Following 2-DE, gel slabs were fixed in fixing solution for 30 minutes to 

remove interfering compounds such as SDS and also, to allow protein precipitation.  

The gels were then immersed in sensitising solution for 30 minutes and washed with 

double distilled water for 5 minutes.  The wash step was repeated thrice.  The 

sensitisation and rinse step increases sensitivity and contrast of the staining method.  

The silver impregnation step was carried out next by immersing the gel in silver 

solution for 20 minutes.  The gels were then rinsed twice with double distilled water for 

1 minute to remove excess silver solution and immersed in freshly prepared developing 

solution.  The rinses and development served to build the silver metal image.  Once the 

protein spots were developed, the gels were soaked in stopping solution for 30 minutes 

and rinsed twice with double distilled water.  This terminated the development from 

excessive background formation and also, removes excess silver ion and other 

chemicals from the gel surface.  Developed gels were stored in preserving solution at 

4°C for MS analysis.  The entire silver staining method was carried out on an orbital 

shaker (BioLab, UbiTechpark, Singapore) which was set at a constant speed of 50 rpm.  

Resulting silver-stained images of gels were promptly scanned and subsequently 

analysed using Image Master 2D-Platinum software (GE Healthcare, Uppsala, Sweden).   

 

3.12. WESTERN BLOTTING  

The Western blotting technique involves electrotransfer of proteins from the 

electrophoresed 2-DE gels or one-dimensional SDS PAGE gels onto a NC membrane 

(Kurien and Scofield, 2009) using a semidry transfer system, Novablot Kit for the 

Multiphor™ II Flatbed Electrophoresis System. 
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Figure 3.4. Western blotting sandwich-assembly. 

 

Buffer 

Transfer buffer: 40 mM glycine, 0.1 M Tris, 0.038% (w/v) SDS, 20% (v/v) methanol 

 

Glycine    2.93 g 

Tris     5.81 g 

SDS     0.38 g 

Methanol    200 ml 

The above was dissolved, made up to 1 L with distilled water and stored at room 

temperature.   

 

Methodology 

Six pieces of filter paper (Schleicher and Schuell, Dassel, Germany) and a 

piece of NC membrane (0.45 mM; ADVANTEC, Toyo Roshi Kaisha, Tokyo, Japan) 

were carefully cut according to the size of the gel of interest.  Transfer buffer pre-

soaked filter papers, NC membrane and gel of interest were sandwich-arranged onto a 

transfer buffer-saturated graphite anode plate as illustrated in Figure 3.4.  A roller was 
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used to carefully roll on the sandwich ensemble to remove trapped air bubbles.  The 

transfer buffer-saturated graphite cathode plate was then placed on top of the sandwich.  

The electrotransfer was finally performed for 2 hours at a constant current 0.8 mA/cm
2
. 

 

3.13. DETECTION OF PROTEIN SPOTS ON NC BLOT 

3.13.1. Detection of O-glycosylated proteins using HRP-conjugated CGB lectin 

Buffer and solution 

Blocking buffer: 3% (w/v) gelatine in TBS-T 

Gelatine    3.0 g 

  TBS-T (see Section 3.4)  100 ml 

The mixture was swirled to disperse gelatine and heated in a microwave oven until 

completely dissolved. 

 

HRP colour development substrate solution 

3,3'-diaminobenzidine  (DAB) 75.0 mg 

3% hydrogen peroxide  150 μl   

1× TBS (see Section 3.4)  150 ml 

The solution was made fresh prior to use. 

 

Methodology 

Detection of electrotransferred O-glycosylated serum and urinary proteins on 

NC membrane was performed using HRP-conjugated CGB lectin (see Section 3.8) as 

previously described (Abdul-Rahman et al., 2007).  Following Western blotting, NC 

membrane was blocked with TBS-T containing 3% gelatine for an hour on a shaker at 
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room temperature.  The membrane was then washed thrice with TBS-T for 10 minutes 

each time.  This was followed by an overnight incubation of the membrane with 1 μg/ml 

HRP-conjugated CGB lectin in TBS-T at 4°C.  The washing step was again performed, 

3 times for 10 minutes each, to remove unbound/excess conjugates, if present.  The 

membranes were finally developed colorimetrically using freshly prepared DAB-

substrate solution.  The reaction was stopped by washing the membrane twice with 

distilled water.  The membrane was briefly air dried before being scanned and 

subsequently analysed using Image Master 2D Platinum software.   

 

3.13.2. Detection of proteins using HRP-conjugated secondary antibodies  

Methodology 

Immunodetection of targeted serum and urinary proteins on electrotransferred 

one-dimensional SDS-PAGE gels (Section 3.7.2.1) was performed as previously 

described by Jungblut et al., (1999) with slight modification.  Following Western 

blotting, the membrane was blocked with 5% skim milk in 1× PBS-T for 1 hour at room 

temperature and later, incubated overnight with primary antibodies in 1× PBS-T 

containing 1% skim milk at 4°C.  The membrane was then washed thrice with 1× PBS-

T for 5 minutes and subjected to incubation with HRP-conjugated secondary antibodies 

in 1× PBS-T for 1 hour at room temperature.  The membrane was again washed thrice 

with PBS-T for 5 minutes.  The membranes were finally developed using Peroxidase 

stain DAB kit and the images captured for subsequent analysis using Image Master 2D 

Platinum software.  Optimised concentrations of antibodies used for immunodetection 

are demonstrated in Table 3.6. 
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Table 3.6. Optimised concentrations of antibodies. 

 

Sample Primary antibodies Dilution Secondary antibodies Dilution 

     

Serum Goat anti-human 

ITIH4 

1:10,000  HRP-conjugated 

donkey anti-goat IgG 

1:20,000 

     

     

Urine 

Goat anti-human 

ITIH4 

1:10,000 HRP-conjugated 

donkey anti-goat IgG 

1:10,000 

    

Rabbit anti-human 

bikunin 

1:10,000 HRP-conjugated goat 

anti-rabbit IgG 

1:10,000 

     

 

 

3.14. IMAGE ANALYSIS 

Levels of abundance of serum and urinary proteins and CGB lectin affinity 

chromatography enriched O-glycosylated proteins on silver stained 2-DE gels as well as 

CGB lectin-probed NC blots were analysed in terms of percentage of volume 

contribution using Image Master 2D Platinum software.  The percentage volume 

contribution refers to volume percentage of a protein taken against the total spot volume 

of all proteins including the un-resolved peptides in each gels and as such, normalised 

the protein spots. 

The detection of spots was performed automatically using default parameters 

including, smooth – 2, saliency – 1 and min area – 5; whilst, spot editing and removal of 

artefacts were performed manually.  Analysis was restricted to distinctly resolved 

proteins spots only.  ‘Common housekeeping’ proteins and/or fragments such as 

albumin (ALB) and immunoglobulins that constitute approximately 60 - 97% of the 
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total serum protein (Ahmed et al., 2003; Chen et al., 2005) were excluded from 

analysis. 

 

3.15. MASS SPECTROMETRY 

3.15.1. In-gel trypsin digestion 

Solutions (All solutions were prepared fresh prior to digestion with particular care to 

avoid contamination by keratin and other extraneous protein). 

 

50 mM Sodium thiosulphate 

Sodium thiosulphate   0.158 g  

The above was dissolved in 20 ml of double distilled water. 

 

Destaining solution: 15 mM Potassium ferricyanide in 50 mM sodium thiosulphate 

Potassium ferricyanide  0.049 g 

The above was dissolved in 10 ml of 50 mM sodium thiosulphate. 

 

100 mM Ammonium bicarbonate 

Ammonium bicarbonate  0.396 g 

The above was dissolved in 50 ml of double distilled water. 

 

Reducing solution: 10 mM DTT in 100mM ammonium bicarbonate  

DTT     0.0154 g 

The above was dissolved in 10 ml of 100 mM ammonium bicarbonate. 
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Alkylating solution: 55 mM IAA in 100mM ammonium bicarbonate 

IAA     0.1018 g 

The above was dissolved in 10 ml of 100 mM ammonium bicarbonate. 

 

Washing solution: 50% ACN in 100 mM ammonium bicarbonate 

Equal volume of 100% ACN was mixed with 100 mM ammonium bicarbonate. 

 

50 mM ammonium bicarbonate 

Equal volume of 100 mM ammonium bicarbonate was mixed with double distilled 

water. 

 

Enzyme: 6 ng/μl trypsin in 50 mM ammonium bicarbonate 

Working solution, 6 ng/μl trypsin was prepared using 50 mM ammonium bicarbonate.   

 

Sample reconstituting buffer - 0.1% formic acid (FA)  

One μl of FA was dissolved in 1 ml of double distilled water. 

 

Energy absorbing matrix molecules: α-cyano-4-hydroxycinnamic acid (CHCA)  

CHCA     6 mg 

CHCA was dissolved in 70% ACN (v/v) containing 0.1% FA. 
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Methodology 

Protein spots of interest were carefully excised from 2-DE gels and subjected 

to in-gel trypsin digestion and MS/MS using 4800 Plus MALDI ToF/ToF analyser   

(Applied Biosystems, Foster City, USA).  Optimisation for mass assignment, 

calibration, resolution and sensitivity of the analyser was performed using 4700 

Proteomic Analyzer Mass Standard Kit according to the manufacturer’s instructions.  

The in-gel trypsin digestion was performed as previously described 

(Seriramalu et al., 2010).  The excised gel plugs were destained using 15 mM potassium 

ferricyanide in 50 mM sodium thiosulphate for 15 minutes at room temperature.  

Following this, the gel plugs were first reduced using 10 mM DTT in 100 mM 

ammonium bicarbonate for 30 minutes at 60°C and later, alkylated using 55 mM IAA in 

100 mM ammonium bicarbonate for 20 minutes in the dark.  The gel plugs was 

subsequently washed three times with 50% ACN in 100 mM ammonium bicarbonate 

and dehydrated using 100% ACN.  The gel plugs were then digested using 6 ng/μl 

trypsin gold MS grade in 50 mM ammonium bicarbonate at 37°C, overnight.  The 

extraction of proteins was performed using 50% ACN and 100% ACN subsequently, 

yielding pooled trypsin-digested peptides in ACN.  Finally, the peptides were 

lyophilized and reconstituted with 0.1% formic acid for subsequent desalting procedure.   

The desalting procedure was carried out using C18 reversed phase media 

ZipTip column (Millipore, Billerica, USA) according to manufacturer’s instructions.  

The desalted peptides and CHCA matrix solution (6 mg/ml) were mixed at 1:1 ratio 

prior to spotting (0.7 μl) onto an Opti-Tof 384 well insert (Applied Biosystems, Foster 

City, USA).   
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3.15.2. Identification of proteins via database search 

Identification of proteins was performed using MASCOT search engine 

(Perkins et al., 1999).  The MS and MS/MS spectra obtained was searched against 

Homo sapiens entries in Swiss-Prot database (Last update: January 31, 2013, containing 

539,616 sequences) according to the following selection parameters: enzyme - trypsin, 

missed cleavage - 1, variable modification - 2; carbamidomethylation of cysteine and 

oxidation of methionine, MS precursor ion mass tolerance - 100 ppm, MS/MS fragment 

ion mass tolerance - 0.2 Da, and inclusion of monoisotopic masses only.  A Mascot 

protein score greater than 42 indicates identity and extensive homology (p < 0.05).  

Protein scores are derived from ions scores as a non-probabilistic basis for ranking 

protein hits. 

 

3.16. NANO LC-MS/MS 

The identity of CGB lectin probed O-glycosylated urinary proteins on NC 

membranes was initially determined by visual comparison to the previously published 

work of Soheimi et al., (2010) and Mu et al., (2012).  Later, this was validated by 

subjecting CGB lectin affinity chromatography enriched O-glycosylated urinary 

proteins (see Section 3.9.3) to in-solution trypsin digestion prior to reverse phase (C18) 

chromatographic separation using an offline Tempo™ LC MALDI (Applied 

Biosystems, Foster City, USA) and profiled using 4800 Plus MALDI ToF/ToF analyser. 

 

Solutions and buffers (All solutions were prepared fresh prior to digestion with 

particular care to avoid contamination by keratin and other extraneous protein). 
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50 mM Ammonium bicarbonate  

Ammonium bicarbonate  10 mg 

The above was dissolved in 2.5 ml of double distilled water. 

 

Reducing solution: 100 mM DTT in 50mM ammonium bicarbonate  

DTT     8.0 mg 

The above was dissolved in 500 μl of 100 mM ammonium bicarbonate. 

 

Alkylating solution: 100 mM IAA in 50mM ammonium bicarbonate 

IAA     9.0 mg 

The above was dissolved in 500 μl of 100 mM ammonium bicarbonate. 

 

Enzyme: 0.1 μg/μl of trypsin in 50 mM ammonium bicarbonate 

Trypsin at 0.1 μg/μl trypsin was prepared using 50 mM ammonium bicarbonate.   

 

Energy absorbing matrix molecules: α-cyano-4-hydroxycinnamic acid (CHCA)  

CHCA     6.0 mg 

CHCA was dissolved in 70% ACN (v/v) in 0.1% FA. 

 

Methodology 

The concentrated O-glycosylated urinary proteins were subjected to in-

solution trypsin digestion.  The concentrate, at 100 μg (approximately 10 μl), was first 

reduced in 1.5 μl  of 100 mM DTT in 50 mM ammonium bicarbonate for 5 minutes at 

95°C.  The mixture was alkylated next, using 3 μl of 100 mM IAA in 50 mM 
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ammonium bicarbonate for 20 minutes in the dark.  Trypsin digestion was carried out 

using 2 μl of 0.1 μg/μl of trypsin in 50 mM ammonium bicarbonate overnight at 37°C.  

The resulting trypsin digested peptide mixture (10 µl) was then loaded into a 

Chromolith CapRod reverse phase - 18 monolithic capillary, 150 µm × 50 mm (Merck, 

Darmstadt, Germany) for separation using linear gradient of two mobile phases for a 

total run time of 57 minutes (Table 3.7) on an offline Tempo™ LC MALDI.  The 

peptide eluates were automatically pre-mixed with equal volumes of 6 mg/ml CHCA in 

70% ACN in 0.1% TFA and directly deposited onto an Opti-ToF LC-MALDI insert 

(Applied Biosystems, Foster City, USA).  The droplets were then air-dried and analysed 

in reflector detector mode on a 4800 Plus MALDI ToF/ToF analyser.  The resulting 

mass spectra were processed and interpreted using Protein Pilot™ Software 2.0.1 

(Applied Biosystems, Foster City, USA) with selection parameters as previously 

denoted (see Section 3.15.2).   

Neural network prediction of mucin type GalNAc O-glycosylation sites in the 

CGB lectin affinity chromatography enriched urinary proteins were determined using 

the NetOGlyc 4.0 server (Steentoft et al., 2013).   

 

Table 3.7. Linear gradient flow applied for LC. 

Time (min) % Channel A % Channel B 

0 98 2 

2 98 2 

42 65 35 

45 50 50 

46 30 70 

51 30 70 

53 98 2 

57 98 2 

 

Univ
ers

ity
 of

 M
ala

ya



 

99 

3.17. STATISTICAL ANALYSES 

All values are expressed in mean ± SEM (standard error of the mean), unless 

otherwise stated.  The Statistical Package for Social Sciences (SPSS) version 21.0 (IBM 

Corporation, New York, USA) was used to analyse the data.  The Student’s t-test and 

ANOVA were used (where applicable) to compare means of percentage of volume 

contribution of the protein spots between groups of subjects for data sets that had shown 

a normal distribution.  Test of homogeneity was used to assess the sample distribution.  

A p value of less than 0.05 was considered significant, unless otherwise stated. 
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RESULTS 

 

4.1. ISOLATION, PURIFICATION AND ASSESSMENT OF CGB LECTIN 

FROM CHAMPEDAK SEEDS 

4.1.1. Isolation and purification of CGB lectin  

Extraction of crude lectins from champedak seeds was performed as 

described in Section 3.6.1.  The crude lectin extract was applied into a galactose-

Sepharose 4B affinity column for the isolation and purification of CGB lectin as 

described in Section 3.6.3.  The column was thoroughly washed with PBS, pH 7.2 to 

remove unbound substances.  Absorbance of the flow-through fractions were 

spectrophotometrically monitored at 280 nm until a baseline reading was obtained.  The 

bound CGB lectin was eluted using 0.8 M galactose in PBS, pH 7.2.  Figure 4.1 

illustrates an elution profile of the CGB lectin using galactose-Sepharose 4B affinity 

column.   

 

4.1.2. Assessment of purified CGB lectin 

Elute fractions of CGB lectin with high absorbance reading collected from the 

initial experiment (Figure 4.1) were pooled and freeze-dried prior to biochemical 

assessment which was carried out to determine the quality of the purified CGB lectin as 

described in Sections 3.7.1 and 3.7.2.  The assessment includes determination of 

concentration and purity of the CGB lectin prepared.   
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Figure 4.1. Purification of CGB lectin from crude extracts of champedak seeds. 

Illustrated is a purification profile of CGB lectin obtained when crude extracts of 

champedak seeds were subjected to an immobilised galactose-Sepharose 4B affinity 

column chromatography.  The fractions were collected in 5 ml fractions and were 

monitored spectrophotometrically at absorbance 280 nm.  The unbound fractions were 

washed thoroughly using PBS, pH 7.2 until the baseline value was reached.  Elution of 

the CGB lectin was performed to completion using 0.8 M galactose in PBS, pH 7.2.  

Arrow indicates the start of galactose elution. 
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4.1.2.1. Concentration of CGB lectin 

The concentration of the lyophilized CGB lectin was estimated using 

bicinchoninic protein assay (Thermoscientific, Rockford, USA).  A standard calibration 

curve of absorbance values over ten concentrations (ranging from 0 – 450 µg/ml) of 

bovine serum albumin (BSA) was constructed.  Figure 4.2 illustrates a standard 

calibration curve constructed following methodology as described in Section 3.5.2.  

Both standard solutions and purified CGB lectin were assayed in triplicates.  According 

to the equation derived from the constructed BSA calibration curve, the lyophilized and 

purified CGB lectin measured 3.5 mg/ml in concentration.  The concentrations of sera 

and urine samples were similarly estimated for 2-DE and affinity column 

chromatography applications.  

 

4.1.2.2. Purity of CGB lectin 

The purity of the isolated CGB lectin was assessed using SELDI-ToF/MS as 

described in Section 3.7.2.2.  The spectrum for CGB lectin was generated following a 

mass calibration using the standard peptide array (BioRad, Hercules, USA).  Figure 4.3 

illustrates the mass calibration spectra of standard proteins and its calibration equation.  

Peptides of known mass including arginine 8-vasopressin, somatostatin, dynorphin A, 

ACTH, beta-endorphin and arginine-insulin (Mr ranging between 1.084 to 5,960 Da) 

were used for calibration.  The calibration equation was generated by assigning these 

known masses to the corresponding peaks observed in the spectrum.  As desired, in the 

present study, a calibration equation with residual errors of less than 300 parts per 

million (ppm) was observed.  This indicates a better fit of the equation to the calibration 

and samples’ data.   
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A)  

 

 

B) 

 

 

Figure 4.2. Typical BSA colour response standard curve. 

Panel A illustrates a standard curve for BSA, constructed according to the 

manufacturer’s instruction.  A dilution scheme, ranging from 50 to 450 μg/ml was opted 

for dilution of BSA stock concentration (2 mg/ml) with PBS, pH 7.2.  The absorbance 

of the complex formed was read at 570 nm and reported in mean ± S.E.M.  The CGB 

lectin concentration was determined based on the equation generated for the colour 

response standard curve. 
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Figure 4.3. Mass calibration spectra derived from SELDI-ToF/MS analysis. 

Mass calibration spectrum which was generated using ProteinChip peptide mass 

calibration kit (BioRad, Hercules, USA) is as illustrated above.  Calibration was 

performed using standard peptides of known masses including arginine 8-vasopressin 

(1,084.25 Da), somatostatin (1,637.90 Da), dynorphin A (2,147.50 Da), ACTH 

(2,933.50 Da), beta-endorphin (3,465.00 Da) and arginine-insulin (5,960.80 Da).  The 

calibration equation was generated by assigning these known masses to their 

corresponding peaks in the spectrum.   
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Figure 4.4 (panel A) demonstrates SELDI-ToF/MS derived spectral profile of 

CGB lectin.  Two peaks at approximately 14.6 kDa and 16 kDa highly corresponds to 

the previously published reports using SDS-PAGE technique (Abdul Rahman et al., 

2002; Hashim et al., 1993; Hashim et al., 1991).  Also observed, are doubly charged 

ions of the CGB lectin at an approximate mass of 7.3 kDa and 8 kDa, respectively.  

Aside from this, no other peak was observed within the spectra and thus, indicating a 

pure isolate of CGB lectin.  The gel view of SDS-PAGE resolved CGB lectin isolates 

similarly showed a profile consisting of two bands with similar relative molecular 

weights (Figure 4.4 - panel B).  The lower Mr bands (< 10 kDa) that correspond to the 

peaks of doubly charged ions of CGB lectin were not visible due to technical 

limitations.   

The purified CGB lectin was subsequently used as probes for detection of 

human serum and urinary O-glycosylated proteins using techniques including affinity 

column chromatography and Western blotting. 

 

4.2. COMPREHENSIVE PROTEOMIC PROFILING OF HUMAN SERUM 

All subjects recruited for the study were selected based on the pre-requisite 

biochemical and clinical characteristics including levels of PSA and serum creatinine, 

aside from being age-matched groups of subjects.  The demographic and clinical 

characteristics of the subjects from whom serum and urine samples were obtained for 

the study are summarized in Table 3.1. 

Subjects involved comprised Malaysians of Malay, Chinese and Indian 

ethnicity.  Recruitment of subjects belonging to the Chinese ethnicity was apparently 

most predominant in all groups, particularly the PCa sub-group.  Interestingly, this 

observation  is  in  coherence  with  incidences  of  PCa  in Malaysia marking Chinese at  
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A)   

 

 

 

B)  

 

 

Figure 4.4. Affinity purified CGB lectin. 

Panel A illustrates a spectrum of purified CGB lectin when subjected to SELDI-

ToF/MS analysis.  The NP20 array was spotted with 1 µl of CGB lectin at an optimised 

concentration of 1 mg/ml.  Peaks at approximately 14.6 kDa and 16 kDa denote the 

singly charged ions of the purified CGB lectin, whilst peaks at approximately 7.3 kDa 

and 8 kDa denote the doubly charged ions corresponding to its singly charged CGB 

lectin peaks.  Panel B illustrates the corresponding SDS-PAGE analysis of the affinity 

purified CGB lectin that resolved into two bands at approximately 14.6 kDa and 16 

kDa, when subjected to the 18% SDS-PAGE under reducing condition and stained with 

Coomasie Blue.  The SDS-PAGE gel was calibrated using the spectra multicolor low 

range protein ladder (M) (Thermo Scientific, Rockford, USA) consisting of 42 kDa, 26 

kDa, 17 kDa and 10 kDa recombinant proteins. 
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13.6, followed by Indian at 7.8 and last but not least, the Malays at 4.0, per 100,000 

population (Benbrahim-Tallaa and Waalkes, 2008).   

Quantitative measurement of PSA performed in serum of subjects with PCa 

and those with BPH demonstrated an overlapping distribution, further in agreement with 

the lack of sensitivity of PSA.  On the other hand, control subjects were carefully 

selected to meet the stated guidelines for levels of serum PSA which is less or equals to 

4 ng/ml (Thompson et al., 2004).  Those subjects demonstrating levels of serum PSA 

more than the above-mentioned ranges were excluded from the study.  

Serum creatinine, a diagnostic marker reflective of renal function was also 

taken into consideration while recruiting subjects and sampling of urine.  Under normal 

circumstances, kidney freely filters creatinine, a waste by-product of muscle metabolism     

at a constant rate together with fluids, salt and other waste or toxin (Kaplan and Pesce, 

2009).  However in cases of kidney-related disorders, the creatinine-filtering ability of 

the kidney would cease and thus, results in increased levels of creatinine in the sera.  

Having this in mind, the levels of serum creatinine for all subjects recruited in the latter 

part of the study were duly measured and only those with levels of serum creatinine 

within the specified reference range of 60 - 110 µmol/L (Howard, 1989), which is 

indicative of a normally-functioning kidney, were selected for the study.  

 

4.2.1. Typical 2-DE serum protein profiles of patients with BPH and those with 

PCa generated by 2-DE 

The 2-DE separation enables the serum proteins to be resolved according to 

their isoelectric focusing points (pI) and molecular masses (Mr) for their maximal 

appraisal in both presence and distribution in the gel profiles.  Profiling of human neat 

serum samples  by  2-DE  optimised  at  a  concentration  of  800  µg  followed by silver 
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staining of the gels had resulted in the separation of more than hundreds of protein 

spots.  Although a comparable profile to the standard serum proteome map (Sanchez et 

al., 1995) was generated, the identities of clusters of protein spots, particularly those 

that were altered in abundance, were further confirmed by MS and database search 

(Table 4.1).   

Figure 4.5 demonstrates representative 2-DE profiles generated from neat 

sera of patients with BPH (panel A) and PCa (panel B), respectively.  Proteins that were 

well resolved in the gels include ALB, the heavy and light chains of immunoglobulins 

such as IgA, IgG and IgM, AHS, 1- glycoprotein (ABG), AAT, HAP, kininogen 

(KNG-1) serotransferrin (TRF), HPX, vitamin-D binding protein (VDB), 

apolipoprotein-H (APOH), apolipoprotein A4 (APOA4), LRG, ZAG, RBP 4, 

apolipoprotein A1 (APOA1), TTR,  apolipoprotein C3 (APOC3), complement C3 (C3) 

and  apolipoprotein A2 (APOA2).  

 

4.2.2. Image analyses of 2-DE generated serum protein profiles of patients with 

BPH and those with PCa 

Variability in the fractionation of light and heavy chains of immunoglobulins 

renders inconsistency to the patterns of 2-DE gel profiles (Doustjalali et al., 2004).  

Therefore, in this study, these proteins were discounted from comparative image 

analyses.  Similarly albumin, a protein of high abundance in the serum, was also 

excluded from the analyses.  

The silver stained 2-DE profiles of serum samples of patients with BPH (n = 

8) as well as those with PCa (n = 8) were scanned using a densitometer.  The images 

were analysed using Image Master 2D Platinum software (Version 7.0) and subjected to 

statistical analyses.  The percentage of volume contribution analysis was performed on a 
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A)  

 

B) 

 

Figure 4.5. Typical silver stained 2-DE protein profiles of sera from patients 

with BPH and PCa. 

Neat serum samples obtained from patients with BPH and those with PCa were 

subjected to 2-DE and silver staining.  Panel A demonstrates a silver stained 2-DE 

protein profile of serum from a patient with BPH whilst panel B, a patient with PCa.  

Clusters of protein spots that were clearly resolved were as labelled.  The proteins of 

altered abundance are marked in brackets.  For all panels, the acidic sides of the 2-DE 

gels are to the left and relative Mr declines from the top.  ‘f’ denotes protein fragments 

as indicated by its position in the 2-DE gels compared to the Mr of the parent protein. 
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total of 20 well-resolved clusters of protein spots.  These include AAT, ABG, AHS, 

APOA1, APOA2, APOA4, APOC3, APOH, C3, CLU, HAP, HAPf, HPX, KNG-1, 

LRG, RBP, TRF, TTR, VDB and ZAG.  Student t-test was used to analyse the 

significance of differences of protein expression between patients with BPH and those 

with PCa.  A p value of less than 0.05 was considered significant. 

Volume analysis of the 20 clusters of protein spots in the 2-DE profiles of 

patients with BPH and those with PCa demonstrated altered abundance of two serum 

proteins namely, APOA2 and C3 (Figure 4.6).  Significantly decreased level of protein 

APOA2 (–0.4 fold, p = 0.009) and C3 (–0.35 fold, p = 0.002) was detected in the 

profiles of patients with PCa.   

 

4.2.3. Typical HRP-conjugated CGB lectin generated 2-DE serum O-

glycosylated protein profiles of patients with BPH and those with PCa 

HRP-conjugated CGB lectin that was prepared as described in Section 3.8 

was utilised to detect serum glycoproteins that were similarly resolved by 2-DE.  2-DE-

resolved serum proteins from patients with BPH and those with PCa were 

electrophoretically transferred onto a NC membrane by Western blotting (see Section 

3.12) and incubated with HRP-conjugated CGB lectin solution.  The use of CGB lectin 

specifically facilitates detection of O-linked oligosaccharides of glycoproteins, which 

are linked through hydroxyl linkages to their serine or threonine residues.  This 

therefore, excludes detection of non- and other than O-glycosylated proteins such as 

albumin, ACT (Seriramalu et al., 2010) and light chains of immunoglobulin that 

inadvertently masked the detection of serum proteins with relatively lower abundance.  
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Figure 4.6. Mean percentage of volume contribution of 2-DE resolved serum proteins. 

Percentage of volume contribution of protein spots were analysed using ImageMaster™ 2D Platinum software, version 7.0.  Densitometry analysis was 

performed on a total of 20 well-resolved clusters of protein spots including AAT, ABG, AHS, APOA1, APOA2, APOA4, APOC3, APOH, C3, CLU, 

HAP, HAPf, HPX, KNG-1, LRG, RBP, TRF, TTR, VDB and ZAG.  Asterisk denotes proteins with significant alteration in abundance in terms of the 

percentage of volume contribution. 
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Figure 4.7 demonstrates the 2-DE profiles of serum O-glycosylated proteins 

of patients with BPH (panel A) and those with PCa (panel B) that were generated using 

HRP-conjugated CGB lectin as probe. The resolved profiles of glycoprotein spots were 

initially identified through visual comparison with the standard SWISS ExPASy plasma 

protein map (Sanchez et al., 1995), the silver stained 2-DE profiles that were developed 

earlier in this study and other previous publications (Abdul-Rahman et al., 2007; 

Mohamed et al., 2008).  Spots that were visually identified include heavy chains of Ig, 

ABG, AHS, HPX, KNG-1, LRG, alpha-1 microglobulin/bikunin precursor (AMBP), 35 

kDa fragment of ITIH4 (ITIH4f).   

When the DAB-developed proteins on blots were visually compared, all 

showed comparable intensities, with the exception of ITIH4f.  The abundance of ITIH4f 

in the blot profiles of patients with PCa was markedly mild in intensity compared to 

those with BPH.  

 

4.2.4. Image analyses of HRP-conjugated CGB lectin generated serum O-

glycosylated protein profiles of patients with BPH and those with PCa 

A total of seven consistently well-resolved clusters of protein spots were 

selected for image analyses.  These include, ABG, AHS, HPX, KNG-1, LRG, AMBP 

and ITIH4f.  Densitometry analysis of CGB lectin detected serum protein profiles 

confirmed the significantly decreased level of ITIH4f (–0.29 fold, p = 0.006) in patients 

with PCa (n = 8) compared to patients with BPH (n = 8) (Figure 4.8).  Aside from 

ITIH4f, no other O-glycopeptides showed significant alteration in abundance between 

the groups of subjects.   
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A) 

 

 

B) 

 

 

Figure 4.7. Detection of O-glycosylated serum proteins using enzyme-conjugated 

CGB lectin. 

Enzyme-conjugated CGB lectin was used to probe for the O-glycosylated proteins from 

sera that were subjected to 2-DE and transferred onto NC membranes.  Panel A 

demonstrates a DAB-developed O-glycosylated serum proteins profile from patients 

with BPH whilst panel B, patients with PCa.  The protein spot of altered abundance is 

marked in bracket. 
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Figure 4.8. Mean percentage of volume contribution of HRP-conjugated CGB 

lectin detected serum O-glycosylated proteins. 

Panel demonstrates analysis of O-glycosylated proteins detected by enzyme-conjugated 

CGB lectin.  Percentage of volume contribution of protein spots was analysed using 

ImageMaster™ 2D Platinum software, version 7.0.  Densitometry analysis was 

performed on 7 clusters of protein spots including ABG, AHS, AMBP, HPX, ITIH4f, 

KNG-1 and LRG.  Asterisk denotes O-glycosylated proteins with significant alteration 

in abundance in terms of the percentage of volume contribution. Univ
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4.2.5. 2-DE serum O-glycosylated protein profiling using CGB lectin affinity 

column chromatography 

4.2.5.1. Efficiency of CGB lectin immobilisation 

Purified CGB lectin was coupled to CNBr-activated Sepharose 4B matrix as 

described in Section 3.9.1.  Immobilisation was performed with 12 ml CGB lectin at a 

concentration of 4 mg/ml.  The CGB lectin binding efficiency was subsequently 

assessed according to Section 3.9.2.  Based on the formulae, approximately 93.6% of 

the activated matrix support in the 3 ml column was successfully coupled with purified 

CGB lectin.   

 

4.2.5.2. Isolation of serum O-glycosylated protein by CGB lectin affinity column 

chromatography 

Pooled serum samples was passed through the CGB lectin conjugated 

Sepharose 4B columns and the fractions containing the O-glycosylated protein were 

eluted using 0.1 M melibiose in PBS, pH 7.2 (see Section 3.9.3).  This method was 

performed to reduce the complexity of serum sample as well as to enrich the serum O-

glycosylated proteins subset that may have been masked in the initial experiment.  

Figure 4.9 demonstrates elution profiles of pooled serum samples obtained from patients 

with BPH (panel A) and those with PCa (panel B).  The ratio of bound: total protein 

fractions were similar for all pooled samples, which were approximately 0.05 and 0.06, 

respectively, indicating similar recovery of proteins for both pooled serum samples.  

Non-specific interaction between pooled serum proteins from patients with BPH and 

those with PCa (n = 16) and chromatography media was tested using un-coupled 

activated and inactivated chromatographic matrix, and none was detected (Figure 4.10: 

panel A & B, respectively).  
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A) 

 

 

B) 

 

 

Figure 4.9. Typical affinity separation profiles of pooled sera obtained from 

patients with BPH as well as from those with PCa. 

Pooled serum samples from patients with BPH (panel A) and those with PCa (panel B) 

were separately subjected to CGB lectin affinity column chromatography.  Two hundred 

µl of pooled serum samples was loaded into the 3 ml column and the O-glycosylated 

proteins were eluted with 0.1 M melibiose in PBS, pH 7.2, as described in Section 3.9.3.  

Collected fractions were monitored by measurement of absorbance at 280 nm.  The 

arrows indicate start of elution with 0.1 M melibiose in PBS, pH 7.2. 
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A) 

 

 

B) 

 

 

Figure 4.10. Affinity separation profiles of possible interactions between serum 

proteins and chromatographic matrix.   

Pooled serum samples from patients with BPH and PCa were subjected to affinity 

chromatography using un-coupled activated (panel A) and inactivated (panel B) 

Sepharose 4B matrix.  Two hundred µl of pooled serum samples was loaded into the 3 

ml gel bed and the collected fractions were monitored by measurement of absorbance at 

280 nm.  The arrow indicates start of elution with 0.1 M melibiose in PBS, pH 7.2. 
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4.2.5.3. Typical CGB lectin affinity column chromatography generated serum O-

glycosylated protein profiles of pooled serum of patients with BPH and 

those with PCa 

The 2-DE profiles of enriched melibiose-eluted fractions from pooled serum 

samples from patients with BPH as well as from those with PCa were similarly 

generated by subjecting the fractions to 2-DE and silver staining as described in Section 

Sections 3.10 and 3.11, respectively.   Figure 4.11 demonstrates the 2-DE profiles of 

pooled serum O-glycosylated protein of patients with BPH (panel A) and those with 

PCa (panel B) generated using CGB lectin affinity chromatography.  The resolved 

profiles of O-glycosylated protein spots were initially identified through visual 

comparison with the silver-stained 2-DE profiles of the previously published report 

(Doustjalali et al., 2004).   

 

4.2.5.4. Image analyses of serum O-glycosylated protein profiles of pooled serum 

of patients with BPH and those with PCa 

Nine clearly resolved clusters of O-glycosylated peptides were selected for 

spot volume analysis (Figure 4.12).  When the 2-DE gels were scanned and analysed by 

densitometry, three clusters of protein spots including the AAT (+2.5 fold, p = 0.007), 

KNG-1 (+3.1 fold, p = 0.006) and TTR (+2.2 fold, p = 0.001) were found to be 

significantly enhanced in the sera of patients with PCa compared to those with BPH.  

The mass spectrometric data confirming the identities of proteins of altered abundance 

are displayed in Table 4.1. 

Univ
ers

ity
 of

 M
ala

ya



 

119 

 

A) 

 

 

B)   

 

 

Figure 4.11.   Detection of O-glycosylated serum proteins using CGB lectin affinity 

chromatography.   

Pooled neat serum samples were subjected to CGB lectin affinity chromatography.  

Analysis of the CGB lectin bound fractions was performed by 2-DE and silver staining.  

Panel A demonstrates CGB lectin affinity chromatography isolated O-glycosylated 

serum proteins profile from patients with BPH whilst panel B, patients with PCa.  

Identities of proteins that were altered in abundance were confirmed by MS and 

database search (Table 4.1).  Acidic sides of the 2-DE gels are to the left and Mr 

declines from the top.  The clusters of protein spots of altered abundance are in brackets. 
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Figure 4.12. Mean percentage of volume contribution of serum O-glycosylated 

proteins.   

Panel demonstrates analysis of O-glycosylated proteins detected by CGB lectin affinity 

chromatography.  Percentage of volume contribution of protein spots was analysed 

using ImageMaster™ 2D Platinum software, version 7.0.  Densitometry analysis was 

performed on nine clusters of protein spots including AHS, AAT, AMBP, APOA1, 

HPX, ITIH4f, KNG-1, LRG and TTR.  Asterisk denotes O-glycosylated proteins with 

significant alteration in abundance in terms of the percentage of volume contribution. 
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4.2.6. Identification of serum proteins obtained from MS-compatible silver 

stained 2-DE gels 

MS analysis was performed on all serum proteins with altered abundance as 

well as O-glycosylated proteins (p < 0.05) detected using CGB lectin affinity 

chromatography resolved by 2-DE.  The methodology opted for trypsin digestion is 

described in Section 3.15.1.  To enable and maximize confident MS results; the 

concentration of the serum applied for 2-DE workflow was doubled, the spots of 

interests was pooled from all similar gel and a modified MS-compatible silver staining 

was performed as previously described (Yan et al., 2000).   

The serum proteins identified were APOA2, C3, ITIH4f, AAT, KNG-1 and 

TTR.  A Mascot protein score greater than 29 indicates identity and extensive homology 

(p < 0.05).  Mass spectrometric details on the identified proteins in terms of accession 

number as listed in the Swiss-Prot database, theoretical mass, calculated pI, Mascot 

score, number of matched peptides and percentage of sequence coverage are 

enumerated  in  Table 4.1.  The peptide mass fingerprint (PMF) of the identified protein 

spots are shown in Figure 4.13.  Its respective MS/MS derived peptide sequences of the 

aberrantly expressed proteins are illustrated in Table 4.2. 
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Table 4.1.  MS identification of serum (O-glycosylated) protein spots of significant altered abundance detected in 2-DE profiles. 

 

Spot ID
(a)

 Protein ID 
Accession 

number
(b)

  
Mr (Da) pI 

Mascot 

Score 

Matched 

peptides 

Sequence 

Coverage (%) 

AAT Alpha-1 antitrypsin P01009 46,707 5.37 239 4 13 

APOA2 Apo-lipoprotein   A-II P02652 11,168 6.26 156 3 41 

C3
(c) Complement C3 P01024 187,030 6.02 460 7 5 

ITIH4
(c) Inter-alpha-trypsin inhibitor heavy chain H4 Q14624 103,261 6.51 566 5 10 

KNG-1 High–molecular weight kininogen P01042 71,912 6.34 307 7 13 

TTR Transthyretin P02766 15,877 5.52 336 4 34 

 

a) Spot ID are as in Figure 4.5. 

b) Accession numbers are from the Swiss-Prot database (http://www.uniprot.org) 

c) Identified as protein fragment as indicated by its position in the 2-DE gels compared to the parent protein. 
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D)  

 

E) 

 

F) 

 

Figure 4.13. PMF of trypsin digested serum peptides.  

Gel plugs excised from the protein resolved 2-DE gels were trypsin digested and mass 

spectrometrically analysed.  Identities of the proteins of altered abundance including 

(panel A) AAT, (panel B) APOA2, (panel C) C3, (panel D) ITIH4f, (panel E) KNG-1 

and (panel F) TTR, were confirmed using 4800 Plus MALDI ToF/ToF analyser.  
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Table 4.2. MS/MS derived peptide sequences of significantly altered serum 

proteins. 

  

Spot/ 

Cluster ID 
Peptide sequence 

Amino 

acid 

Ion 

score 

    

AAT K.TDTSHHDQDHPTFNK.I   35 - 49      65 

 K.ITPNLAEFAFSLYR.Q   50 - 63      77 

 K.LYHSEAFTVNFGDTEEAKK.Q 161 - 179     57 

 K.FLENEDRR.S   299 - 306     41 
    

APOA2 K.EPCVESLVSQYFQTVTDYGK.D       27 - 46      101 

 K.VKSPELQAEAK.S   52 - 62      35 

 K.SKEQLTPLIK.K 68 - 77      19 
    

C3 R.LVAYYTLIGASGQR.E   531 - 544     58 

 R.EVVADSVWVDVK.D      545 - 556     92 

 R.QPVPGQQMTLK.I   574 - 584     7 

 K.IEGDHGAR.V      585 - 592      27 

 R.VVLVAVDK.G      593 - 600      15 

 K.IWDVVEK.A   616 - 622      37 

 K.DYAGVFSDAGLTFTSSSGQQTAQR.A   634 - 657     182 
    

ITIH4f R.QGPVNLLSDPEQGVEVTGQYER.E 754 - 775      130 

 K.ETLFSVMPGLK.M 778 - 788     60 

 K.NPLVWVHASPEHVVVTR.N 789 - 805 103 

 R.FSSHVGGTLGQFYQEVLWGSPAASDDGR.R 867 - 894     207 

 R.RLDYQEGPPGVEISCWSVEL.- 911 - 930      67 
    

KNG-1 K.YNSQNQSNNQFVLYR.I       44 - 58         93 

 K.TVGSDTFYSFK.Y      65 - 75         51 

 K.AATGECTATVGKR.S   102 - 114     28 

 R.QVVAGLNFR.I      188 - 196     28 

 K.SLWNGDTGECTDNAYIDIQLR.I      220 - 240     66 

 K.ICVGCPR.D   263 - 269     12 
 

K.YFIDFVAR.E   317 - 324     31 
    

TTR R.GSPAINVAVHVFR.K   42 - 54      69 

 R.KAADDTWEPFASGK.T       55 - 68      104 

 K.AADDTWEPFASGK.T       56 - 68      77 

 K.ALGISPFHEHAEVVFTANDSGPR.R      101 - 123     86 
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4.3. COMPREHENSIVE PROTEOMIC PROFILING OF HUMAN 

ACETONE PRECIPITATED URINARY PROTEINS 

4.3.1. Typical 2-DE generated acetone precipitated urinary protein profiles of 

control male subjects 

2-DE of the human acetone precipitated urine samples optimised at a protein 

amount of 100 µg demonstrated resolution of more than 50 clusters of protein spots.  A 

comparable profile to the urinary proteome map with those previously published 

(Thongboonkerd et al., 2002) was generated.  Nevertheless, the identities of all 

consistently resolved clusters of protein spots were first confirmed by MS and database 

search, for convenience of subsequent densitometry analysis.  Table 4.3 shows the list 

of identified urinary proteins that was consistently detected in 2-DE profiles.   

Figure 4.14 illustrates a representative profile of 2-DE resolved and silver 

stained acetone precipitated urinary proteins obtained from a control subject following 

methods as described in Section 3.10 and 3.11, respectively.  Loss of proteins such as 

KNG-1 and immunoglobulins was evident when current 2-DE urinary proteome profiles 

were compared to other previous publications from our laboratory (Abdullah-Soheimi et 

al., 2010; Mu et al., 2012).  This may have been contributed by the inclusion of acetone 

precipitation method in this study.  On the other hand, urinary protein precipitation with 

acetone had both improved the reproducibility and resolution of the 2-DE gels.  Proteins 

that were consistently resolved in the gels include ALB, heavy and light chains of 

immunoglobulins, uromodulin (THP), cadherin-1 (CDH), AHS, alpha-1 acid 

glycoprotein 1 (AGP1), prostaglandin-H2  D-isomerase (PGDS),  ZAG,  TRF,  ITIH4f, 

AMBP, perlecan (PLC), ganglioside GM2 activator (GM2A), CD59, non-secretory 

ribonuclease (RNS2), PSAP, KNG-1 and LRG.  Proteins such as AMBP, CD59, ITIH4 

and PSAP were found in fragments of their native form based on the marked differences 

in Mr and pI of the spots observed, which may be in part of the actions of proteases.     
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Figure 4.14. Typical silver stained 2-DE protein profiles of acetone precipitated 

urine proteins.   

Acetone precipitated urine samples obtained from control subjects were subjected to 2-

DE and silver staining.  The identities of well-resolved clusters of protein spots that 

were determined by MS and database search are as labelled.  Details of the identified 

proteins are listed in Table 4.3 (page 131).  The acidic sides of the 2-DE gels are to the 

left and relative Mr declines from the top.  Proteins denoted as ‘f’ are protein fragments 

as indicated by its position in the 2-DE gels compared to the parent protein. 
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4.3.2. Image analyses of 2-DE generated acetone precipitated urine protein 

profiles of patients with BPH and those with PCa as well as controls  

The silver stained 2-DE profiles of acetone precipitated urine samples of 

patients with BPH (n = 20) and those with PCa (n = 13) as well as control subjects (n = 

15) were scanned using a densitometer and analysed by Image Master 2D Platinum 

software, version 7.0.  Statistical analysis was performed to analyse the significance 

distribution of percentage of volume contribution of a total of 21 well-resolved urinary 

clusters of protein spots between the 2-DE profiles of patients with BPH and those with 

PCa and control subjects (p < 0.05).  The urinary proteins assessed include AGP1, AHS, 

AMBP, AMBPf1, AMBPf2, CD59, CD59f, CDH, CDHf1, CDHf2, CDHf3, GM2A, 

PGDS, PLC, PSAP, RNS2, THP, THPf, TRF, ZAG and ZAGf. 

Normal urine also contains small amounts of heavy and light chains of 

immunoglobulins (Vaughan et al., 1967) and modified albumin (Wiggins et al., 1985) 

or fragments of albumin (Lafitte et al., 2002) but are of unknown biological significance 

particularly, the latter (Eppel et al., 2000).  Therefore, these clusters of protein spots 

were excluded from the densitometry analysis.  Volume analysis of the 21 clusters of 

urinary protein spots in the 2-DE profiles of patients with BPH, those with PCa and 

control subjects are shown in Figure 4.15. Significantly increased level of proteins 

AMBPf1 (+2.3 fold, p = 0.005), AMBPf2 (+2.2 fold, p = 0.004) and PSAP (+2.2 fold, p 

= 0.002) were observed among the controls when compared to patients with PCa.  Apart 

from this, only AMBPf2 was seen to be of lower abundance among subjects with PCa 

compared to BPH patients (+2.2 fold, p = 0.004).  Figure 4.16 illustrates the 

corresponding cropped images showing the urinary proteins of altered abundance from 

2-DE gels. 
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Figure 4.15. Mean percentage of volume contribution of 2-DE resolved acetone precipitated urine proteins.  

Percentage of volume contribution of urinary protein spots detected in the 2-DE gels was analysed using ImageMaster™ 2D Platinum software, 

version 7.0.  Densitometry analysis was performed on a total of 21 well-resolved clusters of protein spots including AGP1, AHS, AMBP, AMBPf1, 

AMBPf2, CD59, CD59f, CDH, CDHf1, CDHf2, CDHf3, GM2A, PGDS, PLC, PSAP, RNS2, THP, THPf, TRF, ZAG and ZAGf.  Asterisk denotes 

urinary proteins of significant alteration in abundance in terms of the percentage of volume contribution. 
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Figure 4.16. Cropped silver stained 2-DE images of urinary proteins of altered 

abundance from control subjects and patients with BPH and those 

with PCa.  

Cropped images demonstrate acetone precipitated 2-DE resolved and silver stained 

urinary proteins of altered abundance from control subjects, and patients with BPH and 

those with PCa.  The identity of clusters of protein spots were confirmed by MS and 

database search (Table 4.3). 
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4.3.3. MS identification of 2-DE resolved acetone precipitated urinary proteins  

MS analysis was performed on all consistently 2-DE resolved clusters of 

protein spots as described in Section 3.15.  A Mascot protein score greater than 27 

indicates identity and extensive homology (p < 0.05) of the protein identified.  Mass 

spectrometric data of the identified proteins in terms of accession number as listed in the 

Swiss-Prot database, theoretical mass, calculated pI, Mascot score, number of matched 

peptides and percentage of sequence coverage are shown in Table 4.3.  The PMF and 

MS/MS derived peptide sequences of aberrantly expressed proteins are illustrated in 

Figure 4.17 and Table 4.4, respectively.  

Proteins AMBP and PSAP that was detected were most likely truncated 

fragments of their native forms (AMBP - 38,974 Da; PSAP - 58,074 Da) based on their 

locations in 2-DE gels (Figure 4.14).  Further scrutiny into their MS/MS derived peptide 

sequences showed that the identified fragments indeed matched those of saposin B, 

which is derived from PSAP, and those of inter-alpha-trypsin inhibitor light chains 

(ITIL) or bikunin regions, which is derived from its parent protein, AMBP (Table 4.4).   
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Table 4.3. MS identification of urinary proteins detected in 2-DE profiles. 

 

Spot ID
(a)

 Protein ID 
Accession 

number
(b)

  
Mr (Da) Calc. pI 

Mascot 

Score 

Matched 

peptides 

Sequence 

Coverage (%) 
        

AGP1 Alpha-1 acid glycoprotein 1 P02763 23,497 4.93 236 4 16 

AHS Alpha-2-HS glycoprotein P02765 39,300 5.43 117 2 7 

AMBP Protein AMBP  P02760 38,974 5.95 144 3 10 

AMBPf1* Protein AMBP  P02760 38,974 5.95 342 5 14 

AMBPf2* Protein AMBP  P02760 38,974 5.95 278 6 14 

CD59 CD59 glycoprotein  P13987 14,168 6.02 126 2 18 

CD59f* CD59 glycoprotein  P13987 14,168 6.02 80 2 18 

CDH1* Cadherin-1 P12830 97,396 4.58 99 3 6 

CDH1f1* Cadherin-1 P12830 97,396 4.58 140 3 5 

CDH1f2* Cadherin-1 P12830 97,396 4.58 147 2 4 

CDH1f3* Cadherin-1 P12830 97,396 4.58 99 3 6 

GM2A Ganglioside GM2 activator  P17900 20,809 5.17 100 1 10 

ITIH4* Inter-alpha-trypsin inhibitor heavy chain 4 Q14624 103,293 6.51 38 2 4 

LRG Leucine-rich alpha-2-glycoprotein P02750 38,154 6.45 70 2 8 

PGDS Prostaglandin-H2 D-isomerase P41222 21,015 7.66 306 4 32 

PLC* Perlecan  P98160 468,528 6.06 369 7 1 

RNS2 Non-secretory ribonuclease  P10153 18,342 9.1 215 5 21 
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Table 4.3., continued… 

Spot ID
(a)

 Protein ID 
Accession 

number
(b)

  
Mr (Da) Calc. pI 

Mascot 

Score 

Matched 

peptides 

Sequence 

Coverage (%) 

        

PSAP* Proactivator polypeptide P07602 58,074 5.06 78 3 5 

THP Uromodulin P07911 69,714 5.05 608 14 22 

TRF* Serotransferrin P02787 77,000 6.81 496 14 19 

ZAG Zinc-alpha-2-glycoprotein P25311 33,851 5.57 663 9 29 
        

 

*  Identified as protein fragment as indicated by its position in the 2-DE gels compared to the parent protein. 

a) Spot ID are as in Figure 4.14. 

b) Accession numbers are from the Swiss-Prot database (http://www.uniprot.org). 

c) Significantly altered urinary proteins are in bold. 
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A) 

 

B) 

 

C) 

 

 

Figure 4.17. PMF of trypsin digested urinary peptides. 

Clusters of protein of spots of interest excised from resolved 2-DE gels were tryptic 

digested and analysed by a mass spectrometer.  Identities of proteins of altered 

abundance including (panel A) AMBPf1, (panel B) AMBPf2 and (panel C) PSAP were 

confirmed using 4800 Plus MALDI ToF/ToF analyser.  
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Table 4.4.  MS/MS derived peptide sequences of urinary proteins of altered 

abundance. 

 

Spot/Cluster ID Peptide sequence Amino acid Ion score 

    

AMBPf1 K.KEDSCQLGYSAGPCMGMTSR.Y   227 - 246 75 

 K.EDSCQLGYSAGPCMGMTSR.Y   228 - 246 113 

 R.TVAACNLPIVR.G      283 - 293 57 

 R.AFIQLWAFDAVK.G      298 - 309 84 

 K.FYSEKECR.E 327 - 334 12 

    
    

AMBPf2 K.KEDSCQLGYSAGPCMGMTSR.Y   227 - 246 14 

 K.KEDSCQLGYSAGPCMGMTSR.Y   227 - 246 42 

 K.EDSCQLGYSAGPCMGMTSR.Y   228 - 246 80 

 K.ECLQTCR.T 276 - 282 29 

 R.TVAACNLPIVR.G      283 - 293 57 

 R.AFIQLWAFDAVK.G      298 - 309 71 

    
    

PSAP K.DNGDVCQDCIQMVTDIQTAVR.T   193 - 213   17 

 R.LGPGMADICK.N   233 - 242   61 

 R.LGPGMADICK.N   233 - 242   33 
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4.3.4. Typical HRP-conjugated CGB lectin generated 2-DE urinary O-

glycosylated protein profiles of control subjects and patients with BPH 

and those with PCa 

The 2-DE resolved urinary proteins of patients with BPH, those with PCa and 

controls subjects were similarly subjected to electroblotting and HRP-conjugated CGB 

lectin detection as previously described (Abdul Rahman et al., 2002).  Figure 4.18 

demonstrates the 2-DE profiles of urinary O-glycosylated proteins of patients’ with PCa 

and those with BPH as well as control subjects that were generated using HRP-

conjugated CGB lectin as probe.  A total of seven clusters of O-glycosylated urinary 

protein spots were consistently detected in all lectin-developed profiles.  The profile 

closely resembled the CGB lectin blot urinary protein profiles of Soheimi et al., (2010) 

and Mu et al., (2012).  Proteins detected include the heavy chains of IgA, AHS, AMBP, 

AMBPf1, AMBPf3, CDH1f2, LRG and ITIH4f.  The use of HRP-conjugated CGB 

lectin had facilitated the unmasking of O-glycosylated proteins that was not 

significantly detected in the previous experiments.   

 

4.3.5. Image analyses of HRP-conjugated CGB lectin generated 2-DE urinary 

O-glycosylated protein profiles of patients with BPH and those with PCa 

as well as control subjects 

A total of 7 clusters of urinary O-glycosylated protein spots were assessed for 

aberrance in abundance.  The densitometry analysis of the HRP-conjugated CGB lectin 

detected urinary protein profiles of patients with BPH (n = 20) and those with PCa (n = 

13) as well as control subjects (n = 15) demonstrated enhanced level of ITIH4f in the 

patients with PCa compared to control subjects (+4.5 fold, p = 0.006) (Figure 4.19).  
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A)  

 
 

B) 

 
 

C) 

 
 

Figure 4.18. Detection of O-glycosylated urinary proteins using HRP-conjugated 

CGB lectin. 

HRP-conjugated CGB lectin was used to probe O-glycosylated proteins from urine of 

subjects that were subjected to 2-DE and later, electroblotted onto NC membranes.  

Identities of the proteins detected were made based on visual comparison of the blot 

profiles with those reported by Soheimi et al., (2010) and Mu et al., (2012).  Panels A, 

B and C demonstrate HRP-conjugated CGB lectin detected O-glycosylated urinary 

protein profiles from control subjects, patients with BPH and those with PCa, 

respectively.  The proteins spots of altered abundance are marked in bracket.  
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Figure 4.19. Mean percentage of volume contribution of CGB lectin detected urinary O-glycosylated protein.   

Panel demonstrates analysis of O-glycosylated proteins detected by HRP-conjugated CGB lectin in urine of subjects.  Percentage of volume 

contribution of protein spots was analysed using ImageMaster™ 2D Platinum software, version 7.0.  Densitometry analysis was performed on 7 

clusters of protein spots including AHS, AMBP, AMBPf1, AMBPf3, CDH1f2, LRG and ITIH4f.  Asterisk denotes O-glycosylated proteins with 

significant alteration in abundance in terms of the percentage of volume contribution. 
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4.3.6. Confirmation of presence of ITIH4f in urine using CGB lectin affinity 

column chromatography and nano-LC MS/MS 

4.3.6.1. Isolation of urinary O-glycosylated proteins  

To validate the presence of ITIH4f in urine samples that was observed in the 

HRP-conjugated CGB lectin generated 2-DE urinary O-glycosylated protein blot 

profiles (Figure 4.18), pooled concentrated urinary protein from controls (n = 15) were 

subjected to CGB lectin affinity chromatography as described in Section 3.9.3.  Figure 

4.20 demonstrates elution profiles of affinity separation of the pooled urine samples.  

The ratio of bound to total protein fractions was 0.15.  Pooled urine was used in these 

experiments due to the limited availability of samples.  The eluted bound fractions 

containing O-glycosylated urinary protein were subsequently subjected to in-solution 

trypsin digestion and profiling by nano LC MS/MS as described in Section 3.16. 

To investigate whether the urinary proteins had non-specifically and/or 

directly interacted with the chromatographic matrix, a similar experiment was 

performed but using uncoupled activated and inactivated Sepharose 4B.  Figures 4.21 

demonstrate no non-specific interaction between pooled urinary proteins with both the 

uncoupled activated (panel A) and inactivated (panel B) chromatographic matrices, 

respectively. 

 

4.3.6.2. Profiling and identification of isolated urinary O-glycosylated proteins by 

nano-LC MS/MS 

Based on 99.9% of detected protein threshold confidence and competitor 

error margin at 2.00, a total of 21 O-glycosylated proteins were collectively profiled and 

identified from pooled urinary samples of control subjects (Table 4.5).  These include 

ITIH4f (bold) and thus, in agreement with the initial visual comparison to the previously   
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Figure 4.20. Typical affinity separation profile of pooled urine samples obtained 

from control subjects.   

Pooled urine samples from control subjects (n = 15) were subjected to CGB lectin 

affinity chromatography.  The fractions containing O-glycosylated urinary proteins were 

eluted with 0.1 M melibiose in PBS, pH 7.2 as described in Section 3.9.3.  Collected 

fractions were monitored spectrophotometrically by measurement of absorbance at 280 

nm.  Arrow indicates start of elution with 0.1 M melibiose in PBS, pH 7.2. 
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A) 

 

 

B) 

 

 

 

Figure 4.21. Affinity profiles of pooled urinary proteins and uncoupled activated 

and inactivated chromatographic matrices.   

Pooled urine samples from control subjects (n = 15) were subjected to affinity 

chromatography using uncoupled activated (panel A) and inactivated (panel B) 

Sepharose 4B matrices.  Pooled concentrated urinary samples were loaded separately 

into a 3 ml gel beds of uncoupled activated and inactivated Sepharose 4B matrices.  

Collected fractions were monitored by measurement of absorbance at 280 nm.  Arrow 

indicates start of elution with 0.1 M melibiose in PBS, pH 7.2. 
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published work of Soheimi et al., (2010) and Mu et al., (2012).  Table 4.5 demonstrates 

the list of O-glycosylated proteins isolated, separated and identified using CGB lectin 

affinity chromatography and nano LC MS/MS.  The predictions of mucin type GalNAc 

O-glycosylation sites in the isolated urinary proteins were determined using NetOGlyc 

4.0 server.  Table 4.6 on the other hand, shows the respective MS/MS derived peptide 

sequences of ITIH4f. 

 

4.4.  VALIDATION OF PROTEIN ABUNDANCE IN SERUM AND URINE 

SAMPLES USING WESTERN BLOTTING - LECTIN AND/OR 

ANTIBODY DETECTION METHODS 

In view of the interest and potential applications of serum ITIH4f and urinary 

proteins including ITIH4f, AMBPf1 (also known as ITILf1) and AMBPf2 (also known 

as ITILf2) as biomarkers, a validation of their altered abundance in the serum and urine 

samples were performed via lectin- and/or immuno-blotting techniques as described in 

Sections 3.13.1 and 3.13.2, respectively.  Detection using HRP-conjugated CGB lectin 

was opted for validation of serum and urinary ITIH4f.  On the other hand, 

immunodetection was performed using commercially available polyclonal antibodies 

against urinary ITIL proteins.    
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Table 4.5. List of urinary O-glycosylated proteins. 

 

Protein Name Accession 

No
(a)

 

Subcellular 

Location 

Glycan
(b)

 

Polymeric Ig receptor P01833 Membrane Potential O-linked 

Vasorin Q6EMK4 Membrane Potential O-linked 

CD55 P08174 Membrane Potential O-linked 

Protein AMBP P02760 Secreted O-linked 

LDL receptor P01130 Membrane Potential O-linked 

IGL@ protein Q6GMX4 Unknown Potential O-linked 

CD44 antigen P16070 Membrane O-linked 

Hyaluronic acid receptor 1 Q9Y5Y7 Membrane O-linked 

Peptidase inhibitor 16 Q6UXB8 Membrane O-linked 

Ig J chain P01591 Secreted Potential O-linked 

Tenascin-X P22105 Secreted Potential O-linked 

Alpha-1B glycoprotein P04217 Secreted Potential O-linked 

Apolipoprotein D P05090 Secreted Potential O-linked 

Amyloid beta A4 protein P05067 Membrane O-linked 

Kininogen-1 P01042 Secreted O-linked 

Phosphoinositide-3-kinase interacting protein 1 Q96FE7 Membrane O-linked 

Inter-alpha-trypsin inhibitor heavy chain 4 Q14624 Secreted O-linked 

Ig kappa chain C region P01834 Unknown Potential O-linked 

Ig alpha-1 chain C region P01876 Unknown O-linked 

Ig lambda-1 chain C regions P0CG04 Unknown O-linked 

Ig lambda-2 chain C regions P0CG05 Unknown Potential O-linked 

 

a) Accession numbers are from the Swiss-Prot database (http://www.uniprot.org). 

b) The types of glycan are as annotated in Uniprot database (http://www.uniprot.org) 

and the predictions of mucin type GalNAc O-glycosylation sites in the isolated 

urinary proteins were determined using NetOGlyc 4.0 server.  
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Table 4.6.  MS/MS derived peptide sequences of ITIH4f. 

 

Cluster ID Peptide Sequence Amino acid Ion score 

ITIH4f 

   

R.QGPVNLLSDPEQGVEVTGQYER.E 754 - 775 114 

K.AGFSWIEVTFK.N 778 - 788 59 

K.NPLVWVHASPEHVVVTR.N 789 - 805 81 

K.WKETLFSVMPGLK.M 814 - 826 11 

K.ETLFSVMPGLK.M 816 - 826 39 

K.ETLFSVMPGLK.M 816 - 826 3 

K.TGLLLLSDPDK.V 832 - 842 15 

   

 

 

4.4.1. Detection of serum and urinary ITIH4f protein 

Representative blot images of pooled serum and urine samples obtained from 

patients with BPH and those with PCa as well as control subjects resulted from Western 

blotting with subsequent CGB lectin detection is demonstrated in Figure 4.22.  Panel A 

demonstrates a representative electrotransferred NC membrane consisting of serum 

proteins that were probed with HRP-conjugated CGB lectin.  Following HRP-DAB 

substrate reaction, an irreversibly stained dark brown band with a Mr of approximately 

50 kDa indicative of ITIH4f was detected on each lane, representing each group of 

subjects.  When the detected bands were subjected to densitometric analysis, the levels 

of ITIH4f appeared lowest in the pooled sera of subjects with PCa (Table 4.7).  Panel B, 

on the other hand, exhibits a representative blot image of CGB lectin detected urinary 

proteins on electrotransferred NC membrane.  Similarly, dark brown ~50 kDa bands, 

indicative of ITIH4f, were subjected to densitometric analysis.  The abundance of 

urinary ITIH4f protein was significantly highest in the pooled urine samples of subjects 

with PCa (p < 0.05) (Table 4.7).  
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A)        

         

 

 

B)       

          

 

Figure 4.22. Representative blot images of serum and urinary ITIH4f detected 

using CGB lectin. 

Pooled serum and urine samples from control subjects (C), patients with BPH (B) and 

those with PCa (P) were separated on 10% SDS-PAGE gels.  Detection of the 

glycosylated proteins electro-adsorbed onto NC membrane was performed using HRP-

conjugated CGB lectin.  Panels A and B represent lectin blots for serum and urinary 

proteins, respectively.  The SDS-PAGE gel was calibrated using broad range protein 

ladder (M) (Thermo Scientific, Rockford, USA). 
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4.4.2. Confirmation of ITIH4f protein bands 

In order to confirm the location or Mr of ITIH4f on the NC membranes, 

similar Western blotting experiments were repeated but with subsequent probing of NC 

membranes using commercially available polyclonal antibodies against serum and 

urinary ITIH4f proteins.  Representative blot images resulted from the Western blotting 

with subsequent antibody detection of the pooled serum and urine samples obtained 

from patients with BPH and those with PCa as well as control subjects are demonstrated 

in Figure 4.23.  Panels A and B demonstrate representative electrotransferred NC 

membranes consisting of serum and urinary proteins that were probed with anti-ITIH4, 

respectively.  Following HRP- DAB substrate reaction, protein bands of approximately 

50 kDa corresponding to the blot images resulted from probing with CGB lectin (Figure 

4.22) were detected on each lane representing each group of subjects. 

 

4.4.3. Detection of urinary ITILf1 and ITILf2 proteins 

To validate the different altered abundance of ITILf1 and ITILf2 in urine of 

controls and patients with BPH and PCa, a Western blotting analysis was performed 

using anti-bikunin + trypstatin.  Representative blot image resulted from the experiment 

are shown in Figure 4.24.  Following HRP-DAB substrate reaction, bands with Mr of 

approximately 25 kDa and 18 kDa, which are indicative of ITILf1 and ITILf2 proteins 

respectively, were detected on each lane representing each group of subjects.  When the 

detected bands were subjected to densitometric analysis, the levels of ITILf1 was 

significantly least most intense among subjects with PCa compared to control subjects, 

whilst that of ITILf2, was significantly lowest in subjects with PCa compared to those 

with BPH (p < 0.05).  Table 4.7 demonstrated summarised results of validation 

performed for selected serum and urinary proteins of altered abundance. 

Univ
ers

ity
 of

 M
ala

ya



 

147 

 

A)        

         

 

 

B)       

          

 

Figure 4.23. Representative blot images for serum and urinary ITIH4f detected 

using anti-ITIH4. 

Pooled serum and urine samples from control subjects (C), patients with BPH (B) and 

PCa (P) were separated on 10% SDS-PAGE gels.   Immunodetection of the proteins 

electro-adsorbed onto NC membrane was performed using anti-ITIH4.  Panels A and B 

represent immunoblots for serum and urinary proteins, respectively.  The SDS-PAGE 

gel was calibrated using broad range protein ladder (M) (Thermo Scientific, Rockford, 

USA). 
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Figure 4.24. Representative blot image for urinary ITIL fragments detected using 

immunodetection method. 

Pooled urine samples from control subjects (H), patients with BPH (B) and those with 

PCa (P) were separated on 10% SDS-PAGE gel.  Immunodetection of ITIL protein 

fragments electro-adsorbed onto NC membrane was performed using anti-bikunin + 

trypstatin.  The SDS-PAGE gel was calibrated using broad range protein ladder (M) 

(Thermo Scientific, Rockford, USA).  

  Univ
ers

ity
 of

 M
ala

ya



 

149 

 

Table 4.7. Indices relating to the levels of serum and urinary fragment 

proteins of ITIH4 and ITIL. 

 

Parameter Mean % volume* p value 

Control BPH PCa 

     

Serum ITIH4f
¥
 0.49 ± 0.07 0.29 ± 0.03 0.22 ± 0.07 0.097 

Urine ITIH4f
¥
 0.60 ± 0.05 0.65 ± 0.01 3.66 ± 0.24

a 
< 0.001 

Mean ratio
1 0.82 0.45 0.06  

Range of ratio 0.69 – 0.94 0.41 – 0.50 0.04 – 0.08  

 
    

Urine ITIH4f
¥
 0.60 ± 0.05 0.65 ± 0.01 3.66 ± 0.24

a 
< 0.001 

Urine ITILf1
∞
 0.74 ± 0.07 0.52 ± 0.07 0.39 ± 0.01

b 
0.014 

Mean ratio
2 0.81 1.25 9.31  

Range of ratio 0.74 – 0.94 1.10 – 1.46 8.71 – 9.50  

 
    

Urine ITIH4f
¥
 0.60 ± 0.05 0.65 ± 0.01 3.66 ± 0.24

a 
< 0.001 

Urine ITILf2
∞
 0.38 ± 0.09 0.40 ± 0.04 0.12 ± 0.04

c 
0.040 

Mean ratio
3 1.57 1.63 31.12  

Range of ratio 1.28 – 2.02 1.45 – 2.01 23.14 – 47.45  

     

 

*Data presented in mean ± S.E.M of the mean percentage volume of protein.  
 

¥
CGB lectin detection; 

∞
Immunodetection. 

 

Indices   : 
1
Ratio of mean % volume of serum ITIH4f to urine ITIH4f;   

    2
Ratio of mean % volume of urine ITIH4f to urine ITILf1;   

    3
Ratio of mean % volume of urine ITIH4f to urine ITILf2. 

 

Significance (p < 0.05) : 
a
PCa compared to BPH & controls; 

    
  b

PCa compared to controls;   
    c

PCa compared to BPH. 
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DISCUSSION 

 

5.1. CGB LECTIN  

Isolation of CGB lectin of good quality, in terms of concentration and purity 

is an important factor for all subsequent downstream applications.  These include the 

preparation for affinity column chromatography and also, for the use of CGB lectin as 

conjugated probes for the detection of O-glycosylated proteins in human serum and 

urine.  In the past, the capability of CGB lectin in uniquely recognizing and binding to 

the O-linked Galβ1-3GalNAc structure of IgA1 and C1 inhibitor molecules (Hashim et 

al., 1994; Hashim et al., 1993; Hashim et al., 1991) have been exploited to study the 

altered abundance of serum and urinary proteins obtained from groups of patient with 

various types of cancers (Abdul-Rahman et al., 2007; Abdullah-Soheimi et al., 2010; 

Mohamed et al., 2008; Mu et al., 2012) and other benign conditions (Mohamed et al., 

2013) in our laboratory.   

Considering these, the concentration and purity of the isolated CGB lectin 

was first determined in this study.  Using commercially available BCA protein assay kit 

and subsequent construction of standard curve for BSA, the concentration of CGB lectin 

was estimated to 3.5 mg/ml.  On the other hand, the profiling of CGB lectin showed two 

distinct peaks and/or bands at approximately 14.6 kDa and 16 kDa when subjected to 

SELDI-ToF/MS and one-dimensional (18%) SDS-PAGE under reducing condition and 

thus, confirming the effectiveness of the purification method used.  The resolution of 

CGB lectin into two peaks and/or bands was in agreement with previous reports from 

our laboratory (Abdul Rahman et al., 2002; Hashim et al., 1991), if not for the 

incongruence in the Mr.  This minor slight in Mr of the peaks and/or bands could 

probably be due to the differences in the choice of percentage of resolving gels used for 

the assessment.  Previously, Hashim et al., (1991) had meticulously characterised the 
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structural composition of CGB lectin to dissociate into identical primary structure of 

two types of non-covalently linked subunits, α and β
1
, and due absence of disulphide 

bonds between them.  Characteristic dissimilarity of the subunits was however noted, in 

terms of the resulting differential patterns of glycosylation (Aucouturier et al., 1989; 

Kabir et al., 1993; Ruffet et al., 1992). 

Additionally, the spectrum resulted from SELDI-ToF/MS analysis had also 

demonstrated peaks of doubly charged molecular ions of CGB lectin at approximately 

half the initial m/z values; Mr of 7.3 kDa and 8 kDa, respectively.  This is because, 

proteins with Mr greater than 1200 Da and/or in their native state (or containing 

significant amount of protein folding) that has many sites for protonation are known to 

produce multiply charged molecular-related ions in positive ionisation MS mode 

(Ashcroft, 1997).  On the other hand, these doubly charged peaks representing bands 

were not observed in the resolved SDS-PAGE gel.  This is due to the use of SDS and a 

thiol reducing agent (DTT) in the sample preparation. SDS forms complexes with 

proteins whilst, the reducing agent disrupts disulfide bonds between and within proteins, 

allowing complete denaturation and dissociation.  Additionally, heat treatment in the 

presence of SDS and reducing agent completely eliminates the effects of native charge 

and protein structure and as such, unlike in native PAGE separations, electrophoretic 

mobility of the CGB lectin depends primarily on its molecular weight and not mass-to-

charge ratio.  Secondly, the optimum separation range for 18% SDS-PAGE gels used 

for profiling of CGB lectin is between 10 - 50 kDa, therefore, the lower molecular 

weight protein of doubly charged CGB lectin at approximately 7.3 and 8.0 kDa was 

poorly resolved.   Nevertheless, owing to the high sensitivity and feasibility of use of 

SELDI-ToF/MS (Lau et al., 2011), the technique was favoured over SDS-PAGE for the 

determination of relatively low Mr protein of CGB lectin. 
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5.2. PROFILING OF SERUM PROTEINS OF PATIENTS WITH PCa AND 

THOSE WITH BPH 

PSA is still being used to provide provisional clinical opinion in monitoring 

as well as to detect asymptomatic men with PCa (Greene et al., 2013; Schröder et al., 

2009; Wolf et al., 2010) despite rising controversies and evidences on its lack of 

specificity (Chou et al., 2011).  Considering the downsides of levels of serum PSA as 

biomarker for PCa, myriad studies have attempted to identify markers to distinguish 

men with aggressive PCa from indolent ones, in serum, urine and tissue-based media 

using various genomic and proteomics tools as well as novel bioinformatics approaches 

for both diagnostic and prognostic predictability of PCa with accuracy.   

For example, circulating serum proteins including acid phosphatase and 

interleukin-6, and tissue  proteins  including  protein  kinase  B  (Akt-1) (Ayala et al., 

2004)   and  Ki-67  antigen (Pollack et al., 2004) have been previously shown to serve 

as  predictive prognostic markers whilst, serum kallikreins and PSA as diagnostic 

markers.  There were also serum and tissue protein markers reported to indicate 

progression of PCa.  These include prostate secretory protein (PSP94) (Huizen et al., 

2005) and prostate stem cell antigen (PSCA) (Reiter et al., 1998), respectively.  On the 

other hand, DNA-based type of biomarker for diagnosis of PCa were also numerous.  

To name a few, these include single nucleotide polymorphisms (SNPs) at various loci 

(e.g., rs1447295, rs1859962, rs1800629, rs2348763) (Nam et al., 2009), glutathione S-

transferase pi 1 (GSTP1) (Jeronimo et al., 2002) and prostaglandin-endoperoxide 

synthase (PTGS) (Ellinger et al., 2008).  It is indeed noteworthy, as the latter is also 

known for demonstrating dual role as both diagnostic and prognostic marker for PCa.  

In addition, the expression and significance of TMPRSS2/ERG fusion (Wang et al., 

2006), golgi membrane protein 1 (Varambally et al., 2008), serine peptidase inhibitor 
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Kazal type 1 (Tomlins et al., 2008), telomerase reverse transcriptase (Crocitto et al., 

2004), trefoil factor 3 (Garraway et al., 2004), α-methylacyl coenzyme A racemase 

(AMACR) (Zehentner et al., 2006) and prostate cancer antigen 3 (PCA3) (Deras et al., 

2008) messenger RNAs also does add new perspective to detection as well as to foretell 

the course of PCa.  Interestingly, differentially expressed metabolites including 8-

hydroxydeoxyguanosine (Chiou et al., 2003) and sarcosine (Sreekumar et al., 2009) 

were also reported as emerging biomarkers to assist in identification of aggressive 

tumours for radical treatments.  Last but not least, microRNA (Mitchell et al., 2008) as 

well as bone DTC (Kollermann et al., 2008) had also demonstrated potential prognostic 

predictability for PCa.  Table 5.1 enumerates a list of selected biomarkers for 

distinguishing PCa from BPH.    

Utilisation of proteomic approaches had greatly expanded the opportunity for 

identification of new potential biomarkers for PCa.  In line with this, various sample 

types including serum, urine, prostatic fluid, cell lysates and nuclear matrices have been 

previously investigated using conventional 2-DE methodology.  A protein D expressed 

in the prostatic fluid was found exclusively in patients with PCa (Grover and Resnick, 

1995) whilst, several urinary (Grover and Resnick, 1997) and nuclear matrix proteins 

(Partin et al., 1993) were altered in abundance in patients with PCa compared to control 

subjects.  In another study, Alaiya et al., (Alaiya et al., 2001), had shown differential 

expression of an array of proteins (e.g., proliferating cell nuclear antigen, calreticulin, 

elongation factor 2, oncoprotein 18 (V), tropomyosin-1 and cytokeratin 18) between 

subjects with PCa and those with BPH in cell lysates obtained from post-surgical 

prostatic tissues.  With the advent of gel-free proteomics approaches including 

ProteinChip immunoassay (Xiao et al., 2001), SELDI-ToF/MS (Banez et al., 2003; 

Cazares et al., 2002; Petricoin et al., 2002a) and LC-MS/MS based methods such as 

ICAT (Griffin et al., 2003), SILAC (Everley et al., 2004) and iTRAQ 
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Table 5.1. Biomarkers for PCa. 

 

Key: RT-PCR, real time-polymerase chain reaction; IHC, immunohistochemistry; QMSP, quantitative methylation specific PCR; DNA, deoxyribonucleic acid; RNA, ribonucleic 

acid. 

Markers Sample / Approach Type of biomarker Application References 

Acid phosphatase Serum Protein Prognostic Whitesel et al., 1984 

Kallikrein markers  Serum, Predictive model Protein Diagnostic Benchikh et al., 2010; Vickers et al., 2010 

Interleukin-6  Serum Protein Prognostic Michalaki et al., 2004 

PSCA Tissue / RT-PCR & In situ hybridisation Protein Progression Reiter et al., 1998 

PSP94 Serum / Mouse model Protein Progression Huizen et al., 2005 

Akt-1 Tissue / Microarray & IHC Protein Prognostic Ayala et al., 2004 

Ki-67 Antigen Tissue / IHC Protein Prognostic Pollack et al., 2004 

PSA Serum Protein Diagnostic Howlader et al., 2012; Omar et al., 2011 

SNPs at loci Blood DNA Diagnostic Salinas et al., 2009; Zheng et al., 2008 

GSTP1  Plasma & urine / QMSP DNA Diagnostic Jeronimo et al., 2002 

PTGS Tissue / PCR DNA Diagnostic & prognostic Ellinger et al., 2008 

AMACR Blood and urine / RT-PCR RNA Diagnostic & prognostic Zehentner et al., 2006 

PCA3 Urine  RNA Diagnostic Bussemakers et al., 1999; Deras et al., 2008                

miR-141 Serum MicroRNA Prognostic Mitchell et al., 2008 

Sarcosine Urine  Metabolite Progression Sreekumar et al., 2009 

Bone - DTC Bone marrow aspirate / IHC DTC Prognostic Kollermann et al., 2008 
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(Glen et al., 2008; Rehman et al., 2012), many other novel potential markers for 

differentiating PCa from non-malignant conditions were identified as well.   

Unfortunately, none thus far, had poised to be a definitive stand-alone 

predictive marker of PCa.  Having explored and understand the limitations of these 

studies, in this study, protein and glycosylated protein profiles of serum and urine 

samples of subjects with PCa hand in hand, via gel- and lectin-based proteomic 

platforms were investigated.  This is intended to provide a better opportunity for an 

early non-invasive detection which would in turn, lead to a better prognosis and wider 

therapeutic options for subjects with PCa. 

Human plasma or serum proteome houses the entire subset of human proteins 

including the secreted tissue proteins and immunoglobulin sequences with an 

extraordinary dynamic range of more than 10 orders of magnitude as well as those 

synthesised within the plasma or serum (Anderson and Anderson, 2002; Thadikkaran et 

al., 2005).  Changes in structures and/or abundance of plasma or serum proteins had 

been extensively used as means of diagnosis and prognosis of diseases as well as 

therapeutic monitoring.  With the pressing need to discriminate PCa from BPH due to 

similarities in clinical presentations of these conditions, the first part of the present 

study was initiated by subjecting an optimised concentration of the whole sera (800 µg) 

from subjects with BPH and those with PCa to 2-DE, with the intention to identify 

proteins of altered abundance, if present.  The 2-DE resolved gels were either silver 

stained or transferred to a NC membrane for the detection of O-glycosylated serum 

proteins for the differential analysis of protein spots or clusters based on their 

percentage of volume contribution.   

An array of well-resolved high abundance serum proteins were consistently 

observed in the silver-stained 2-DE separated unfractionated serum samples obtained 
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from patients with PCa and those with BPH.  These serum proteins include AAT, ABG, 

AHS, CLU, HAP, KNG-1, LRG, CFH, VDP, TRF, APOA2, C3 and ZAG.  However, 

with exceptions of two serum proteins, namely, APOA2 and complement C3, none of 

the other high abundance serum proteins were found to be differentially expressed when 

2-DE protein profiles generated from the sera of patients with BPH were compared with 

those generated from PCa patients’ sera.  Mass spectrometry analysis had confirmed the 

identities of proteins of altered abundance - APOA2 and C3 beta chain fragment, 

respectively.  

APOA2, the second most common protein in high density lipoprotein (HDL) 

is involved in the metabolism and reverse transport of cholesterol (HDL-C) to the liver.  

Its deficiency has been previously reported to result in conditions including 

hypercholesterolaemia (Kalopissis et al., 2003; Maiga et al., 2014) and 

neurodegenerative diseases such as Alzheimer’s (Kawano et al., 1995) and senile 

dementia (Kuriyama et al., 1994).  Genetic polymorphism of APOA2 gene,  has also 

been invariably linked to plasma HDL-C levels and/or composition (Brousseau et al., 

2002; Welch et al., 2004), which in turns confers to incidences of insulin resistance 

(Zaki et al., 2014) and metabolic disorders (Zaki et al., 2013).  APOA2 is also known to 

inhibit HDL remodelling by cholesteryl ester transfer protein and thus, leading to an 

increase in size and composition of HDL (Rye et al., 2003; Zhong et al., 1994) and 

augment monocytes-host responses to LPS during sepsis (Thompson et al., 2008).   

The association between the status of lipid metabolising proteins including 

various subsets of apolipoproteins and predisposition to cancer had long been 

corroborated.  Along that line, proteins of lipid metabolic pathways including APOA2 

(Jayapalan et al., 2012; this thesis)  , APOD (Aspinall et al., 1995), APOE (Lehrer, 

1998), APOJ (Trougakos and Gonos, 2002), fatty acid synthase (Myers et al., 2001) and 
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circulating cholesterol (Freeman and Solomon, 2004) have been extensively implicated 

in PCa.  Interestingly, as seen in this study, cancer-associated decline of levels of 

APOA2 has been previously reported in subjects with pancreatic cancer (Ehmann et al., 

2007).  Conversely, in another study, overexpression of an isoform of serum APOA2 at 

approximately 8.9 kDa was also reported to pose as a discriminating factor for subjects 

with PCa from those without, using SELDI-ToF/MS.  Although the mechanism of 

involvement of APOA2 in the pathogenesis of PCa is poorly understood, some data had 

paradoxically suggested the role play of proteins of lipid metabolic pathway via cellular 

proliferation or apoptosis (Trougakos and Gonos, 2002; Vogel et al., 1994).   As such, 

lower abundance of APOA2 in patients with PCa observed in the present study bears 

consistencies with this hypothesised role, possibly in suppression of PCa at an early 

stage.  Secondly, the lower levels of APOA2 observed in this study may also be due to 

disturbed activity or balance of proteases including  metalloproteinases, cathepsins, 

trypsin and protease inhibitors in the tumour microenvironment (Ehmann et al., 2007).  

C3, the second serum protein of altered abundance that was detected in the 

present study, is a complement protein where both the classical and alternative pathways 

converge.  Besides playing a central  role  in  the  activation  of  both  the  classical  and  

alternative  pathways  of complement, it also sub-serves a number of critical functions 

including solubilisation of immune complexes, enhancing bacterial killing either 

through membrane attack-complex formation or opsonophagocytosis, and potentiation 

of humoral immune response.  Therefore, subjects with low levels of C3 are generally 

susceptible to severe infections caused by Streptococcus pneumoniae, Hemophilus 

influenzae, and Neisseria meningitidis (Reis et al., 2006; Walport, 2003) as well as to 

recurrence of infection (Bonnin et al., 1993).  On another note, C3 was postulated to 

offer beneficial neuroprotective role via clearance of amyloid beta plaque deposition 
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and modulation of microglia or macrophage phenotypes in amyloid precursor protein 

transgenic mice (Maier et al., 2008).  

Nonetheless, it is also interesting to note that complement cascade C3, C3a, 

C3a-des arginine (the anaphylatoxin C3a that lacks the C-terminal arginine) and C3d 

have been suggested to facilitate major features of carcinogenesis including 

angiogenesis, invasion and metastasis and sustained cellular proliferation via growth 

factors or production of cytokines (Rutkowski et al., 2010).  Having said that, C3a 

fragment at approximately 9 kDa, has been previously  reported  to  be  elevated  in  

patients  with  hepatocellular carcinoma (Kanmura et al., 2010), breast cancer (Fan et 

al., 2010) and lymphoid malignancies (Miguet et al., 2006) whilst C3a-des arginine 

fragment, in colorectal cancer (Fentz et al., 2007; Ward et al., 2006) using SELDI-

ToF/MS.  This is certainly compatible with the diminished amounts of C3 seen in the 

sera of PCa patients in this study.  On another note, observation of decreasing levels of 

C3 fragment in men with advancing stage of squamous cell carcinoma of penis highly 

indicates the prognostic capability of C3 fragments (Ornellas et al., 2012).   

Aberration in abundances of glycoproteins in cancer (Dennis et al., 1999; 

Nishimura et al., 1995) has been thought to serve a valuable avenue for identification of 

potential biomarkers for its diagnosis, prognosis and therapeutic monitoring.  In essence 

of this, precise detection of aberration in glycoprotein abundance is of paramount 

importance.  Considering the threat posed by the broad dynamic range of more than 10 

orders of magnitude of serum or plasma, in the past, enhanced detection and resolution 

of lower abundance proteins (Anderson and Anderson, 2002) were successfully 

achieved either by immunosubtraction of high abundance, interfering or contaminating 

proteins (Jenkins et al., 2008), incorporation of other chromatographic methodologies 

such as size exclusion, ion exchange, affinity binding and hydrophobic interaction prior 
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to 2-DE, or via utilising lectins as probes for detection of post-translationally-modified 

subset of proteins, depending on the carbohydrate binding specificity of the lectin used.  

With this in mind, works in our laboratory had previously demonstrated significant N- 

and O-glycosylated proteins of altered abundance with cancer biomarker potentials via 

the use of HRP-conjugated lectins serving as probes, alongside 2-DE workflow.  The 

types of cancer that had been correlated with aberration in the abundance of O-

glycosylated proteins, thus far, include those of the endometrium (Mu et al., 2012), 

ovary (Abdullah-Soheimi et al., 2010), cervix (Abdul-Rahman et al., 2007) and bone 

(Mohamed et al., 2008).  

When enzyme-conjugated CGB lectin was used to detect 2-DE separated O-

glycosylated proteins on NC membrane, ITIH4f at approximately 50 kDa, was the sole 

cluster of protein found to be significantly altered in abundance.  Unlike APOA2 and 

C3, the identity of ITIH4f was initially determined by visual comparison to the 

previously published works (Abdul-Rahman et al., 2007; Mohamed et al., 2008; 

Mohamed et al., 2013).  Later, it was isolated by immobilized CGB lectin affinity 

chromatography, subjected to 2-DE, trypsin digestion and finally, identified using 

MS/MS.  The marked differences in the experimental Mr of ITIH4f (~ 50 kDa) than the 

previously reported 35 kDa O-glycopeptide fragment (Saguchi et al., 1995) could be 

due to the addition of carbohydrates in the form of serine or threonine-linked 

oligosaccharides to the fragment protein (a glycosylation type of PTM) and as such, 

contribute to the increase in the Mr of the protein fragment.  The abundance of ITIH4f 

was found to be significantly lower in patients with PCa compared to those with BPH.  

This finding appears to be in contrast with the initial expectation on the basis of the 

previous reports of our laboratory, as PCa is also now known to be associated with 

increased levels of serum oestradiol, the predominant form of oestrogen (Carruba, 

2007).   
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Data from our laboratory have previously shown significant enhanced levels 

of ITIH4f selectively in patients with cancers (Abdul-Rahman et al., 2007; Mohamed et 

al., 2008) and benign conditions (Mohamed et al., 2013) that are associated with 

increased levels of oestrogens.  In these cancers, oestrogen which is also a regulator 

involved in kallikrein gene expression (Myers and Clements, 2001; Yousef and 

Diamandis, 2001) was thought to induce overexpression of circulating serum kallikrein 

(Diamandis et al., 2000; Myers and Clements, 2001) that will subsequently lead to 

increased cleavage of native kallikrein-sensitive 120  kDa ITIH4 (Mohamed et al., 

2008) into  its  85  and  35  kDa fragments (Saguchi et al., 1995).  The latter fragment of 

which, is O-glycosylated and thus, detected by the CGB lectin.   

Therefore, until the recent association linking levels of oestrogen to PCa (Ho 

et al., 2006; Ho et al., 2011), increased levels of oestrogen has always been a suspected 

carcinogen confined to cancers of women such as breast (Russo and Russo, 2006) and 

endometrial (Amant et al., 2005; Carlson et al., 2012) cancer.  Based on in vivo and in 

vitro studies, oestrogen was thought to contribute to prostate tumourigenesis (Nelles et 

al., 2011) either via estrogenic imprinting (Huang et al., 2004b; Prins et al., 2001) and 

epigenetic modifications (Feinberg et al., 2006), direct genotoxicity (Ho and Roy, 

1994), hyperprolactinaemia (Fernandez et al., 2010), inflammation (Balkwill and 

Mantovani, 2001) and immunologic changes (Inoue et al., 2000), and oestrogen 

receptor-mediated actions (Bonkhoff and Berges, 2009).  As such, the data of the 

present study that had demonstrated inverse correlation of levels of serum ITIH4f 

observed in patients with PCa and the postulated contributory effects of oestrogen in 

tumourigenesis of the prostate is rather puzzling.   

However, on another note, the different altered levels  of  ITIH4f  in  PCa  

and  BPH  patients  further suggests the contributing effects of androgen since the 
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hormone is also up-regulated in patients with PCa and that both hormones oestrogen and 

androgen are believed to be the causing factors for prostate malignancy (Risbridger et 

al., 2003).  Secondly, the accelerated excretion of ITIH4f triggered by a mechanism, 

which is not clearly understood at this time (Jayapalan et al., 2013; this thesis),   may 

have resulted in lower levels of serum ITIH4f in patients with PCa as well.  Since 

ITIH4f has also been detected in the urine of patients with PCa in the subsequent study 

of this thesis, further discussion on this peptide is elaborated in Section 5.3.   

In the present study, the use of immobilized CGB lectin affinity column 

chromatography was opted as an enrichment technique (Mechref et al., 2008) for the 

isolation of O-glycosylated serum proteins that may have been masked by other high 

abundance proteins or, were not well-resolved using former techniques.  Besides, it also 

facilitates confirmation of the identity of O-glycosylated proteins detected on CGB 

lectin-blot.  Binding efficiency of the purified CGB lectin as ligand onto cyanogen 

bromide-activated Sepharose 4B gel matrix via covalent immobilisation was estimated 

at 93.6%, on average, and considered sufficient for the interaction between the ligand 

and O-glycosylated serum proteins during affinity chromatography.  This is because, 

whilst higher lectin load enhances the capacity of affinity media, it may also cause 

significant non-specific binding through hydrophobic and/or ionic protein-protein 

interaction (Hermanson et al., 1992; Mechref et al., 2007).  Additionally, parallel 

experiments using controlled column containing un-coupled activated and inactivated 

Sepharose 4B gel matrix, similar to that was reported by Roop-ngam et al., (2012) were 

performed to detect and subtract backgrounds of non-specific bindings.  The 

experiments demonstrated no interaction between serum (and urinary proteins) to the 

chromatographic matrix and as such, non-specific adsorption of these proteins had very 

little or no contribution to the resulting protein eluates.   
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By subjecting the 2-DE profiles of the O-glycosylated proteins isolated using 

CGB lectin affinity column chromatography of patients with PCa and those with BPH 

to densitometric analysis, significantly enhanced abundance of three different 

glycosylated proteins, namely, KNG-1, AAT and TTR were demonstrated in the serum 

of patients with PCa compared to those with BPH.  However unlike KNG-1, a known 

O-glycosylated protein, clusters of protein spots of AAT and TTR were not detected in 

the earlier Western blotting experiments that had used HRP-conjugated CGB lectin as 

probe.  These proteins are generally not known to be O-glycosylated (Liu et al., 2005).  

Nevertheless, it was indeed interesting to find several predicted O-glycosylated sites 

within the protein sequences of AAT and TTR using the NetOGlyc 4.0 software 

(Steentoft et al., 2013).   

KNG-1 is an inhibitor of thiol proteases and generally plays a role blood 

coagulation, hemostasis and being an acute-phase reactant protein, in inflammatory 

responses.  Significant reduction in abundance of serum KNG-1 in patients with breast 

cancer (Doustjalali et al., 2004), endometrial cancer, squamous cell cervical carcinoma, 

cervical adenocarcinoma (Abdul-Rahman et al., 2007) and urine of subjects with 

ovarian cancer (Abdullah-Soheimi et al., 2010) via 2-DE approach have been previously 

reported.  Similar reduced levels of KNG-1 but by using immunochemical techniques 

have also been detected in the plasma of patients with gastrointestinal cancer as well 

(Roeise et al., 1990).  Paradoxically, the present data demonstrating elevated levels of 

serum KNG-1 of those patients succumbed to PCa appeared to be in contradiction to 

these findings.  The contrasting abundance in the levels of KNG-1 is most likely 

attributed to the differences in the ratio of the sex steroid hormones of men and women 

cancer patients.  Secondly, KNG-1 has also been invariably associated with endothelial 

cell migration and proliferation as well as angiogenesis (Colman et al., 2000; Hayashi et 

al., 2002; Zhang et al., 2000).  Endogenous kinin generated from low molecular weight 
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kininogen via the action of tissue kallikrein-kinin system was reported to enhance 

angiogenesis in chronic and proliferative granuloma and stromal cells around the 

tumour in a rat sponge model (Hayashi et al., 2002).  Since angiogenesis-mediating 

mechanism is generally activated at the early stage of tumour growth, increased 

amounts of KNG-1 seen in the sera of patients with early stage of PCa in this study may 

have been similarly physiologically elevated to enhance the tumour-associated 

angiogenesis.  Additionally, KNG-1 had been implicated to exhibit anti-bacterial 

activities (Nordahl et al., 2005) as well as anti-thrombotic role via inhibition of 

plasminogen activator inhibitor-1 function (Chavakis et al., 2002).  

The second protein of altered abundance that was isolated from CGB lectin 

affinity chromatography, AAT, is a serine protease inhibitor and an acute phase reactant 

protein that is responsible in emitting negative feedback during inflammation and/or 

infection responses (Chan et al., 2007).  It also functions as a physiologic inhibitor of 

blood coagulation (Kase and Pospisil, 1983) as well as in hemostasis (Emmerich, 2009).  

Deficiency in AAT is indicative of disorders of the lung (DeMeo and Silverman, 2004; 

Yang et al., 2005) and liver (Kaplan and Cosentino, 2010) whilst, increase in AAT have 

been suggested to pose as potential markers for detection of cancer.  Over the years, 

significant correlation of elevated levels of serum or plasma AAT had been made 

between various cancer types including those of the lung (Ferrigno et al., 1995; Topic et 

al., 2011), prostate (El-Akawi et al., 2008), cervix (Kloth et al., 2008), ovary (Warwas 

et al., 1986), breast (Hamrita et al., 2009), pancreas (Tountas et al., 1985), liver 

(Dabrowska et al., 1997), larynx (Krecicki and Leluk, 1992), colorectum (Perez-

Holanda et al., 2014) as well as the head and neck tumour (Brkic et al., 2011) and 

Hodgkin’s lymphoma (Dabrowska et al., 1992) either for its diagnostic, prognostic or 

therapeutic outcome potentials.  Since AAT is also known to inhibit angiogenesis and 

tumour growth (Huang et al., 2004a), its increased level in the sera of subjects with PCa 
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observed in this study, may be in effect, the body’s defence mechanism against the 

development of prostate tumour at the early stage of cancer.  

TTR is another protein of altered abundance that was isolated from the CGB 

lectin affinity chromatography.  Although not generally known to be O-glycosylated, 

the retention of TTR by the CGB lectin affinity column is likely related to indirect 

interactions with other O-glycosylated serum proteins.  TTR is rather known to bind 

indiscriminately to many aromatic compounds (Bekki et al., 2009; Weiss et al., 2009a).  

In this study particularly, it could have been retained due to the interaction with the 

retinol-retinol binding protein 4 complexes or the sex hormone binding globulin, known 

to possess the O-linked oligosaccharides (Raineri et al., 2002).   

Generally, TTR offers a specific measure for an early detection of 

malnutrition (Shenkin, 2006) in patients with immunodeficiency, diabetes, renal disease 

and pneumonia.  However in acute-phase responses following infection, inflammation 

or malignancy, the levels of TTR has been observed to be down-regulated, possibly due 

to pathophysiological or metabolic changes.  Along that line, TTR has been earlier 

identified as a potential biomarker for ovarian (Gericke et al., 2005; Zhang et al., 2004), 

colorectal (Fentz et al., 2007) and lung cancers (Ding et al., 2014; Liu et al., 2009).   

In contrast, higher levels of TTR was also seen in sera of patients with lung 

cancer (Maciel et al., 2005; Tran et al., 2008; Wang et al., 2012) and aqueous humor of 

patients with primary open-angle glaucoma (Grus et al., 2008) thus, showing 

consistency to the data of the current study, in terms of levels of altered abundance of 

TTR in patients with PCa.  Although the mechanism is not clearly understood, increased 

level of TTR observed in the sera of patients with PCa may have been contributed by 

the abnormally proliferating cancer cell of the prostate to supplement the deteriorating 

levels of TTR during development of PCa (Liu et al., 2007).  
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5.3. PROFILING OF URINARY PROTEINS OF PATIENTS WITH PCa 

AND THOSE WITH BPH AS WELL AS CONTROLS 

The second part of the current study involves experimental-designs mirroring 

the initial proteomic profiling of serum samples but on optimised concentration of 

acetone precipitated urinary proteins from healthy subjects, patients with BPH and those 

with PCa.  Urine, albeit containing 1000-fold lower in protein concentration compared 

to plasma or serum, represents most of the plasma proteins.  It also has increased 

proportions of low molecular weight protein and peptide components particularly those 

of the urinary tract (Hortin and Sviridov, 2007).  In addition, the urinary proteome is 

also known to alter as results of pathophysiological conditions, and as such, provides an 

ideal alternative to plasma or serum for analysis (Veenstra et al., 2005).  In addition to 

this, urine sample was also selected for its attractive features of non-invasiveness, ease 

of attainability and cost-effective sampling method (Pisitkun et al., 2006).  The 

adaptation of acetone precipitation method on the other hand, had resulted in 

concentrated and purified urinary protein contents (Lovrien and Matulis, 1997) which 

was intended for the 2-DE proteomic profiling.  The inclusion of age-matched healthy 

subjects as ‘non- cancer’ controls and a slight increase in the sample size in this second 

part of the study had favourably enhance the specificity as well as sensitivity of the 

potentially identified biomarkers.   

This part of the study was initiated by subjecting an optimised concentration 

of acetone precipitated urinary proteins (100 µg) from patients with BPH and those with 

PCa as well as control subjects to 2-DE and silver staining, to investigate the differential 

levels of altered abundance of urinary proteins.  The 2-DE resolved silver-stained 

urinary protein profiles of patients with BPH and those with PCa and control subjects 

were generally comparable with those detected in urine of patients with endometrial 
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cancer (Mu et al., 2012) but with little loss in proteins such as immunoglobulin gamma 

chains and KNG-1.  The adaptation of acetone precipitation to the pre-processing of the 

urine samples had very likely contributed to the loss due to less than complete recovery 

of proteins (Puchades et al., 1999; Srivastava and Srivastava, 1998; Thongboonkerd et 

al., 2002).  Although, the levels of acetone (four parts of cold acetone) employed in this 

study were generally acceptable (Botelho et al., 2010; Davidsson et al., 1999), but may 

not have been optimal for some proteins (Srivastava and Srivastava, 1998; 

Thongboonkerd et al., 2002).  Nevertheless, incorporation of this method had certainly 

improved resolution and consistency of the 2-DE gels (Jayapalan et al., 2013; this 

thesis).   

When comparative densitometric analysis was performed on the 2-DE 

resolved urinary protein profiles of patients and control subjects, different altered levels 

of abundance of three proteins were observed.  Significantly lower abundance of 

PSAPf, AMBPf1 and AMBPf2 was demonstrated in the urine of PCa patients compared 

to control subjects.  Abundance of AMBPf2, on the other hand, was also significantly 

different when comparison was made between 2-DE profiles generated from urine of 

patients with PCa and those with BPH.   

The identities of proteins of altered abundance, including PSAPf, AMBPf1 

and AMBPf2 were confirmed by MS.  A detailed study of MS/MS-derived  amino  acid  

sequences  of  both  urinary  AMBPf1  and AMBPf2 that  were  detected  in  the  

present  study  indicates extensive sequence homology to inter-alpha-trypsin inhibitor 

light chain  (ITIL)  region  of AMBP (amino acids 206 - 352).  Four of the peptide hit 

sequences appeared in both AMBPf1 and AMBPf2 cluster of spots that were analysed.  

This, together with their differences of molecular weights and pIs, suggests that urinary 

AMBPf1 and AMBPf2 were the ITIL products of the different proteolytic processing of 
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AMBP.  As such, urinary AMBPf1 and AMBPf2 were henceforth, referred as ITILf1 

and ITILf2, respectively for convenience of ensuing discussion.   

PSAP is a 68 - 73 kDa lysosomal compartmental precursor glycoprotein 

(Kishimoto et al., 1992), ubiquitously present either as secretory or integral membrane 

proteins in secretory fluids (e.g.: cerebrospinal fluid, seminal plasma, human milk, 

pancreatic juice, blood plasma and bile) (Hineno et al., 1991) and tissues (e.g., brain, 

testes, kidney, spleen and liver) (O'Brien et al., 1988).  Initially expressed as a single 

precursor PSAP, all four saposins A, B, C and D are by-products of proteolytic 

processing of PSAP within the lysosomes with diverse biological involvement.  The 

urinary PSAPf spot detected in the present study was most likely the saposin B peptides 

cleaved from the prosaposin precursor (Kishimoto et al., 1992).  This was deduced 

based on the observed experimental mass and MS/MS-derived amino acid sequences of 

the protein (Table 4.4).   

Aside from exerting essential neurotrophic and myelinotrophic activities 

(Misasi et al., 2009), PSAP is also a well-known pleiotropic growth factor (Wu et al., 

2012).  Overexpression of PSAP in breast cancer cell lines was thought to promote 

tumour growth in breast cancer by stimulating the oestrogen receptor alpha-mediated 

signalling axis (Wu et al., 2012).  Similarly, amplified levels of PSAP were also 

demonstrated to promote carcinogenesis and progression of the prostate but through the 

activation of multiple signal transduction pathways and anti-apoptotic effect in 

metastatic androgen-independent prostate cancer cell lines (Koochekpour et al., 2005).  

In another study, influence of up-regulation of androgen receptors, PSA expression and 

cellular activity in androgen-sensitive human prostate adenocarcinoma cells were also 

thought to contribute to PCa (Koochekpour et al., 2007).  Conversely, down-regulation 

of PSAP was shown to significantly decrease adhesion, migration and invasion of 
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metastatic prostate cancer cells via lysosomal proteolysis-dependent pathway by RNA 

interference (Hu et al., 2010).  Although the mechanism is poorly understood, it was 

believed that the decreased level of urinary saposin B of PCa patients observed in this 

study may be related to the reduced levels of proteolytic processing of PSAP in the 

patients compared to control subjects. 

ITIL, also known as bikunin, a split-product of proteolytically cleaved AMBP 

precursor containing two domains of Kunitz-type proteinase inhibitor  with a theoretical 

Mr of 25 - 26 kDa, is released in free-form into the circulation (Fries and Blom, 2000; 

Gebhard et al., 1990).  Generally, the free-form bikunin is filtered in the glomeruli of 

the kidney and reabsorbed in the tubuli.  However, due to physiological or pathological 

duress, the levels of reabsorption were thought to be compromised hence, the apparent 

high levels of bikunin in the urine (Blom et al., 1997).  Additionally, these high levels 

were also hypothesised to have been contributed by the secretion of free-form bikunin 

from the tumour cells itself, in cancer (Hochstrasser et al., 1989).   

Nevertheless, this is not the first time the long-term association of bikunin as 

being the major component of cancer-associated proteinuria (Chawla et al., 1992; 

Chawla et al., 1984) has been thwarted.  To the best of knowledge, the present study 

was the first to report on the lower levels of ITIL peptides in the urine of patients with 

PCa compared to controls, particularly in terms of its diagnostic potential (Jayapalan et 

al., 2013; this thesis).  Aside from this, the reduced abundance of AMBPf2 peptide 

observed in urine of patients with PCa compared to those with BPH, does offer a new 

dimension to the specificity of the identified potential marker.   

As observed in this study, down-regulation of bikunin in urine of patients 

with bladder cancer (Tsui et al., 2010) has been previously reported as well.  The 

mechanism of action of bikunin in cancer prevention lies in the suppression of various 
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signalling cascades (Kobayashi et al., 2001; Matsuzaki et al., 2004).  As such, increased 

level of bikunin has been previously shown to prevent progression of ovarian cancer 

(Suzuki et al., 2003; Tanaka et al., 2003) by inhibiting expression of tumour cell-

associated plasmin activity and urolinase-plasminogen activator expression at the levels 

of gene and protein (Kobayashi et al., 2000; Kobayashi et al., 2001) in ovarian 

carcinoma cell line.  Therefore, the lower levels of bikunin detected in urine of patients 

with PCa in the present study possibly reflects localised cancer within the prostate gland 

thus, in line with the stages of cancer of the recruited PCa patients (stage I and II).  

In the second approach, the 2-DE electrophoresed gels were electrotransferred 

onto a NC membrane for the detection O-glycosylated urinary proteins using HRP-

conjugated CGB lectin.  By subjecting the urinary O-glycosylated protein resolved on 

the lectin-detected NC membranes to densitometry analysis, significantly enhanced 

level of ITIH4f (at approximately 50 kDa) was noted in the urine of PCa patients 

compared to control subjects.  No tangible differences in levels of other O-glycosylated 

urinary proteins were detected between patients with BPH and healthy controls.  Despite 

many attempts, the identity of urinary ITIH4f on the NC membranes was unable to be 

confirmed using on-membrane trypsin digestion technique (Luque-Garcia and Neubert, 

2009; Mu et al., 2012).  Because of that, ITIH4f was initially determined by visual 

comparison to that of the optimised acetone precipitated urinary protein profiles.  Later, 

O-glycosylated urinary proteins was first isolated using CGB lectin affinity 

chromatography, trypsin digested (in-solution) and finally, the presence of ITIH4f in 

urine was confirmed by nano LC-MS/MS.  

Contrary  to  the  ITIL  peptides,  the  lectin-detected  ITIH4f  appeared  to  be 

overexpressed in the urine of patients with PCa as opposed to the controls and patients 

with BPH.   ITIH4, a single chain acute-phase glycoprotein with an apparent Mr of 120-
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kDa belongs to the inter-α-trypsin inhibitor (ITI) family of serine protease inhibitors 

(Fujita et al., 2004).  Unlike its other ITIH family members, ITIH4 does not interact 

with ITIL due to the lack of a C-terminus region peptide sequence that is required for 

ITIL binding (Nishimura et al., 1995; Salier et al., 1996).  Interestingly, ITIH, which is 

typically linked to ITIL via estrified chondroitin 4-sulfate, has been shown to be down-

regulated in multiple solid tumours (Hamm et al., 2008), and this is also in agreement 

with the lower level of urinary ITIL that was detected in patients with PCa in the present 

study.  Another unique property of ITIH4 is the kallikrein-released bradykinin-like 

domain perched on its C-terminal end (Nishimura et al., 1995), which in turns, allows 

fragmentation of the 120 kDa ITIH4 native protein by plasma kallikrein (Saguchi et al., 

1995).  The resulting fragmented patterns of 85 kDa and 35 kDa ITIH4fs have been 

invariably associated with various diseased conditions including cancer (Song et al., 

2006), inflammation (Pineiro et al., 2004), normal and hydatiform molar pregnancy 

(Mohamed et al., 2013), amyotrophic lateral sclerosis (Tanaka et al., 2013), acute 

ischaemic stroke (Kashyap et al., 2009) and many others.  When referred to the earlier 

findings of the present study, data on elevated levels of ITIH4f in the urine of patients 

with PCa neatly corroborates to the low levels of the serum ITIH4f in PCa patients as 

substantial amount of the peptide may have been excreted in the urine in order to clear 

the excess breakdown product of the ITIH4, which is the 35 kDa ITIH4f in the sera.  

Interestingly, the data of the present study also appear to be in direct contrast to what 

was previously reported for ovarian carcinoma, in which the ITIH4f was significantly 

enhanced in the patients’ sera (Mohamed et al., 2008) but lowered in abundance in the 

their urine (Abdullah-Soheimi et al., 2010).   
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5.4. POTENTIAL USE OF INDICES RELATING TO LEVELS OF SERUM 

AND URINARY FRAGMENT PROTEINS OF ITIH4F AND ITILS 

When taken together, the data of the present study strongly highlights the 

potential use of the serum and urinary peptides in the diagnosis of PCa.  The significant 

altered abundance of peptides in patients with PCa compared to those with BPH and 

controls reflects their specific use to discriminate PCa from non-cancer conditions.  This 

is particularly so, when the abundance of serum to urinary ITIH4f as well as those of 

urinary ITIH4f to urinary ITIL peptides were taken into consideration, as the parameters 

involved had demonstrated a reciprocal trend.  To validate these data, pooled serum and 

urine samples from patients with PCa, those with BPH and controls were separately 

subjected to 1-DE and Western blotting in the third part of the study.  Proteins in the 

respective groups of subjects were detected using CGB lectin and/or antibodies against 

ITIH4 and bikunin + trypstatin before being analysed by densitometry.  Differences in 

protein abundance were expressed in mean percentage of volume contribution of the 

resulting bands.  

Data generated from the validation study generally substantiated the levels of 

abundance of serum and urinary ITIH4f as well as those of urinary ITIL peptides (Table 

4.7), with little variation in the levels of significance.  Although not significant, lowest 

levels of serum ITIH4f was observed in pooled serum of patients with PCa compared to 

those with BPH and controls.  Similar were the case for the apparently lower levels of 

urinary ITIH4f peptide in pooled urine of patients with BPH, and higher levels of 

urinary ITILf2 peptide in pooled urine of controls, which were insignificant when 

compared to pooled urine of patients with PCa (Table 4.7).  These discrepancies are 

most likely due to the effect of technical interferences.  It had been widely documented 

that statistically ‘small’ yet, significant differences in expression are lost during pooling 
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of samples, and as such, minimises the effects of biological variation (Zhang and Gant, 

2005).   

Nevertheless, when the data was collectively used as parameters for 

calculation of indices relating to levels of serum and urinary fragment proteins in terms 

of, (i) abundance ratio of serum to urinary ITIH4f peptides, (ii) urinary ITIH4f to 

urinary ITILf1 peptides and (iii) urinary ITIH4f to urinary ITILf1 peptides, marked 

segregating differences in indices for the different groups of subjects were obtained.  

Individual mean ratio indices between all patients with PCa and those with BPH or 

controls were found not to overlap thus, showing strong discriminatory powers between 

PCa patients from those with BPH or control subjects.  This is also compatible with the 

study by Yurkovetsky et al., (2006) that had shown synergistic effects of multiple 

markers in dramatically improving the sensitivity of cancer detection.   

Therefore, in principle, the data of this study highlights the strong potentials 

of these peptide marker indices for discriminating patients with PCa at an early stage 

from those with non-cancer conditions of the prostate.  At the same time, these markers 

could also pave way for inception of novel therapeutic interventions in clinical 

management of patient, in addition to avoiding unwarranted medical procedures and 

alleviating needless anguish of those with BPH.  However, in spite of the compelling 

evidences that had been demonstrated in the present study, the technical and 

methodological limitations of the present study has to be acknowledged and need to be 

carefully addressed in a separate study involving large clinically representative 

populations, using feasible and time-effective techniques such as the Bio-Plex and 

protein array methodologies.   
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CONCLUSION 

 

Using 2-DE gel-based approach together with silver staining detection 

method, an attempt to establish 2-DE profiles of high abundance serum and acetone-

precipitated urinary proteins of patients with PCa, those with BPH and control subjects 

(for the latter) were methodically performed.  Comparative image master analyses 

between the silver-stained serum 2-DE profiles of these subjects had resulted in marked 

reduction in protein abundance of APOA2 and C3 beta chain fragment in serum of 

patients with PCa compared to those with BPH.  On the other hand, image analysis of 

the silver-stained urinary protein 2-DE profiles of these subjects showed significantly 

lower abundance of urinary saposin B, ITILf1 and ITILf2 peptide fragments in patients 

with PCa compared to the controls.  In addition, the levels of ITILf2 peptide fragment 

was also significantly lower in patients with PCa compared to those with BPH. 

Profiles of 2-DE serum and urinary O-glycosylated proteins of patients with 

PCa, those with BPH and control subjects (for the latter) were successfully generated 

using 2-DE in combination with HRP-conjugated CGB lectin.  Via image analysis, 

marked aberration in the abundance of O-glycosylated proteins was only observed for 

ITIH4f peptide in both serum and urine 2-DE-lectin blot profiles of patients with PCa 

compared to those of non-cancer conditions.  Contrastingly, significantly lower levels of 

serum ITIH4f and enhanced levels of ITIH4f peptide were observed in the urine of 

patients with PCa compared to those harbouring non-cancer conditions.  This reciprocal 

trend of altered abundance of peptide fragments may be readily exploited for efficient 

diagnostic predictability of PCa.   

Additionally, profiles of 2-DE serum O-glycosylated proteins of patients with 

PCa and those with BPH were also successfully generated by incorporating CGB lectin 

affinity chromatography prior to 2-DE separation.  Using this method, several additional 
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clusters of O-glycosylated protein spots that were not previously detected, were found 

resolved in 2-DE profiles of the subjects.  Comparative image analysis of silver-stained 

2-DE profiles of serum O-glycosylated proteins between patients with PCa and those of 

benign condition, demonstrated altered levels of three different proteins.  These include 

elevated levels of KNG, AAT, and TTR in sera of patients with PCa.  Identities and/or 

presence of proteins of altered abundance were confirmed by MS analysis. 

As a means of validation, different levels of serum ITIH4f and abundance of 

urinary ITIH4f, ITILf1 and ITILf2 in groups of subjects were further confirmed using 

either lectin- and immuno-blotting techniques.  The levels of abundances of these 

proteins in groups of subjects were generally comparable to the initial data obtained via 

2-DE approach, with little variation in the levels of significance.  However, when 

considered as indices relating to the levels of serum and urinary fragment proteins of 

ITIH4f and ITILs, in terms of, (i) abundance ratio of serum to urinary ITIH4f, (ii) 

urinary ITIH4f to ITILf1 and (iii) urinary ITIH4f to ITILf2, marked segregating 

differences in indices for each group of subjects were obtained.  In essence, these 

peptide marker indices that had highlighted its strong discriminatory power between 

PCa patients from those with BPH or controls may be potentially used for diagnosis of 

early stage PCa as well as pave a way for inception of novel therapeutic interventions in 

clinical management of patient with PCa.  At the same time, this could also play a 

fundamental role in avoiding unwarranted medical procedures.  Nevertheless, further 

validation of these promising markers on clinically representative populations, using 

feasible and time-effective techniques is paramount.   
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