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Abstract 
 
Prostate cancer is the most detected cancer in males and one of the leading causes of 
cancer mortality in the western society. Prostate Specific Antigen (PSA) is since the 
1980´s widely used as a serum marker but can not distinguish between prostate cancer and 
benign prostate hyperplasia. PSA is a glycoprotein with a molecular weight of 30 kDa and 
consists of an active 237 amino acid residues polypeptide with five disulphide bonds and 
approximately 7-12 % carbohydrates. 
 
The aim of the project was to develop an immunochromatographic test for measuring the 
total concentration of PSA in urine and to verify, by using size exclusion chromatography, 
if PSA in urine was free or complexed with other proteins. However, the first issue was to 
deal with the variable urine composition and the occurrence of precipitate in urine which 
can bind proteins.  
 
Six different immunochromatographic test systems were developed and the concentration 
of PSA was measured in urine specimens from normal individuals and from patients with 
prostate cancer by using two selected systems. The most sensitive 
immunochromatographic system showed a detection limit of 1.2 ng/L which is 130 times 
more sensitive than presently available commercially enzyme immunoassays. The 
precipitates in urine were dissolved by pH-adjustment and addition of chelator and 
detergent. Only 0.5% PSA was detected in the supernatant of centrifuged urine in 
comparison to when the precipitates where dissolved and these findings confirm that PSA 
in urine is in precipitate. The median concentration in normal male urine was 106µg/L. 
The highest value of 991µg/L was obtained in urine from a patient with prostate cancer but 
several of the urine specimens from patients showed non-detectable values.    
Four normal and patient urine specimens were separated by size exclusion chromatography 
and the fractions were measured by two immunochromatographic test systems. For all 
specimens a single peak was eluted in the same position which was consistent with a 
30kDa molecular weight protein and no larger complex of PSA could be found. However, 
it was found that measurable PSA during storage in the fraction tubes could disappear 
rapidly.  
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1. ABBREVIATIONS 

 
aa amino acid 

BPH Benign Prostatic Hyperplasia 

BPSA Benign Prostate Specific Antigen 

BSA Bovine Serum Albumin 

CV Coefficient of Variance 

EIA Enzyme ImmunoAssay 

hk2 human kallikrien 2 

Ikr Immunochromatographic test 

LNCaP tumor cell line 

PCa Prostate Cancer 

pPSA precursor form of Prostate Specific Antigen 

PSA Prostate Specific Antigen 

SEC Size Exclusion Chromatography 
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2. Introduction 

Prostate cancer is the most detected cancer in males and one of the leading causes of cancer 
mortality in the western society.[1]. Only in Sweden, about ten thousand men are yearly 
informed that they are suffering of PCa [2]. PSA is since the 1980´s widely used as a serum 
marker but can not distinguish between prostate cancer and benign prostate hyperplasia.[3]. 
There is also an overlap in PSA concentrations in men with PCa and BPH in the range of 4-
10 µg/L, usually called “grey zone”[4]. 

2.1 Anatomical structure of prostate 
The prostate is part of the male reproductive system and it’s an exocrine gland of about the 
same size as a walnut. The gland is located below the base of the bladder and the main 
function of the prostate is to store and secrete a basic fluid that works as transporter for 
sperm [5]. The prostate also contains smooth muscle that helps to secrete semen during 
ejaculation. The protein content in prostatic secretions is less than 1 % and consists of 
proteolytic enzymes, acid phosphatase and prostate-specific antigen. Zinc and citric acid 
also exists [6] The prostate is divided in, for clinical purposes, three zones: The central 
zone, peripheral zone and transition zone. The last named is the region of the prostate that 
is enlarged in BPH whereas the peripheral zone is the site where 70 % of prostatic cancer 
originate [5].  

2.2 Prostatic diseases 
Prostatitis, BPH and PCa are the main disorders of the prostate. Prostatitis is an 
inflammation of the prostate gland and is caused by a bacteria infection. Common 
symptoms are painful and difficult urination. The disease is treated with antibiotics, surgery 
or prostate massage [2]. BPH [6] is very common in men over 50 years old and the growth 
of prostate tissue takes part in the transition zone, where the urethra is passed by. Usually 
the patient needs to urinate many times every night with large difficulties in urination. The 
condition can be treated with medication or surgery. If the surgery is used, the part of the 
prostate tissue that is pressing against the urethra and restricting the flow is removed to 
elevate urethral pressure and get a normal urination. 
 
PCa [6] is the leading form of cancer suffering men and an early detection of cancer in the 
prostate increase a successful treatment. PCa begins with a growth of cancer cells in the 
prostate and the growth can go on for a long time without any symptoms. When the patient 
feels symptoms it’s often to late and the cancer has spread to surrounding tissues or other 
organs of the body. The cause of the disease is still not well-known but some factors play a 
great matter; high age, hereditary for the disease and geographic and ethnic property. Black 
men are at least 50 % more likely to develop prostate cancer than other ethnic groups [1]. 
 
Diagnosis is currently based on a combination of rectal examination, PSA-test, 
conformation by biopsy. The development of PSA-test has revolutionized the diagnosis. 
Treatment for men with PCa depends on the age and physical conditions of the patient as 
well as the tumor stage. The treatment is different from case to case but some common 
treatments are hormonal therapy, radiotherapy and/or surgery. 
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2.3 PSA 
PSA is a serine protease and a member of the human tissue kallikrein family which also 
includes hK1 and hK2. The size of the protein is about 28 KDa and consists of an active 
237 aa with five disulphide bonds and approximately 7-12 % carbohydrates composed of 
N-glycans [7]. hK2 and PSA have a similarity in amino acid sequence of about 80% 
whereas hKLK1 has a sequence identity to PSA of about 62 % [8]. When expressed by the 
epithelial cells the pPSA is released into the lumen. This peptide contains a seven aa pro-
leader peptide and hK2 cleaves this sequence to generate the enzymatic active form of PSA 
[9]. 

2.4 Molecular derivates of PSA 
PSA exists in serum either as complex to other proteins or as a free unbound form (figure 
1). In urine PSA is derived from the free form of PSA [10]. Only 5-35 % of PSA in serum 
exists in the free noncomplex form and the remaining as complex with protease inhibitors. 
The most recognized inhibitors are alpha-1-antichymotrypsin (ACT), alpha-2- 
macroglobulin (A2M) and alpha-1-protease inhibitor (API)[11]. ACT, alpha-1-
antichymotrypsin covalently bound to PSA is the most common and has a molecule weight 
of 80-90 kDa. The complexes have been detected in higher concentrations in men 
diagnosed with prostate cancer [12]. 
 

Active P
proPS
 BPSA 
 

SA

 
Figure 1: PSA exists in free form or in complex with other  

A 

PSA Free PSA Complexd 
PSA

ACT 
API 
A2M 

proteins. 
 
PSA is produced by the prostate in a form called pPSA. The protein has a seven aa peptide 
as a pro-leader in addition to mature PSA. When pPSA is released into the lumen the seven 
aa chain is removed to convert pPSA to active PSA. The pPSA is cleaved by hK2. 
Sometimes incomplete removal of the seven aa exists and generates various forms of pPSA 
with a propepetide of 2, 4 or 5 amino acids [13]. The active PSA can also generate BPSA 
by internal nicks( figure 2) [14]. 
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Figure 2: Different forms of free PSA. 
 

2.5 Different glycosylation of PSA 
PSA from seminal fluid of healthy men has been characterized by NMR-spectroscopy and 
oligosaccharide sequencing [7, 15]. PSA as mentioned earlier is a glycoprotein with a 
single N-oligosaccharide attached to Asn-45 as a sialylated biantennary complex. Since 
malignant transformation often leads to an increased branching of oligosaccharides PSA 
secreted by the tumor cell line LNCaP has been shown to differ in glycosylation from 
normal tissue and shown to contain a mixture of neutral biantennary and triantennary 
oligosaccharides.[16] Another publication shows that PSA from LNCaP was not sialylated 
and contained a higher level of fucos than PSA from seminal plasma [17]. 

2.6 Today’s PSA-test 
PSA is today the best tumor marker available of diagnosing early prostate cancer. 
Unfortunately it’s not fully specific for PCa because other prostatic disease can also 
generate high serum PSA levels. As a result these tests have a high rate of false positives 
which can lead to unnecessary biopsy test and surgery.[18]  Today the most common 
approach is to measure the ratio of free PSA /total PSA. A patient with PCa shows a lower 
ratio in this kind of measurements. Some other measurements are detection of pPSA which 
has been detected in higher levels in men with PCa and PSA velocity, change in PSA 
concentrations over time[19]. When PSA-levels are between 4-10 µg/L none of these 
methods shows a clear difference between PCa and other benign prostatic diseases.  
 
Some publications,[16, 17] indicate that there are variances in glycosylation between PSA 
from PCa and normal tissues. Further analysis has to be done to decide whenever 
glycosylation can be useful as a new prostate cancer marker.  

2.7 Urine composition 
Human urine can vary in many different shades of yellow, pH and conductivity dependent 
on different causes. The main pigment is urochrome but there are also small quantities of 
urobilin and hematoporphyrin present. An adult normally produces 600-2500 ml urine 
daily and the quantity depends on water intake, diet and the mental and physical state. In 
the summer, when the climate is warmer, urine volume is less and during sleep about half 
as much urine is formed in comparison to activity.  Normal pH in urine is about 4.7-8.0 but 
usually, urine is acid with a pH of about 6.0. The acidity depends on protein intake. When 
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the protein intake is high, urine is acid. This because an excess of phosphate and sulfate is 
produced. In fever and acidosis acidity is also increased. The urine is alkaline on standing 
and that because of conversion of urea to ammonia. Urine is usually transparent but my 
form precipitation of calcium phosphate in alkaline pH. Strongly acid urine forms 
precipitations of uric salt which have a red/pink colour. Total concentration of proteins in 
urine are about 150-250 mg/L and the main proteins are albumin, orosomucoid and protein 
HC [20].  

3. The project 

This Master’s degree project was performed at the Department of Physical and Analytical 
chemistry, Surface biotechnology during 20 weeks in Uppsala autumn 2006. The aim of the 
project was to develop an immunochromatographic test for measuring the total 
concentration of PSA in urine and to verify, by using size exclusion chromatography, if 
PSA was free or complexed with other proteins. However, the first issue was to deal with 
the variable urine composition and the occurrence of precipitation in urine which can 
involve several proteins.  
 

3.1 Enzyme immunoassay 
Enzyme immunoassay is a biochemical technique used to detect the presence of an 
antibody or an antigen in a sample like serum or urine. The test uses two antibodies, one 
that is specific to the analyte and other that is specific to a different epitope at the analyte. 
The second antibody is coupled to an enzyme and can cause a chromogenic substrate to 
produce a signal. The CanAg EIA used in this thesis is a non competitive (sandwich) solid 
phase immunoassay. In a non competitive immunoassay the measured amount labelled 
antibody correlates to the concentrations of the antigen. [21] 
 

3.2 Immunochromatography 
The immunochromatographic test described in this thesis is a sensitive and rapid form of 
immunoassay. The analyte is transported in a thin nitrocellulose membrane from an 
application zone and then captured by the immobilized antibody in the capture zone. A 
particle-labelled antibody which is directed towards a different epitope on the analyte is 
transported through the capture zone and can bind to the immunocomplex. The particles 
that are not bound are washed away. The blackness of the formed immunocomplex can be 
detected with an ordinary scanner.[22] 

 

3.3 Carbon black as a label 
In the immunochromatographic test described in the previous section the antibody is 
labelled with carbon black.  
Carbon black contains more than 96% carbon and low amounts of oxygen, hydrogen, 
nitrogen and sulphur. They are chemical and physically well defined and are mainly used 
for reinforcement of rubber tires and as pigment in printing inks. During the carbon black 
production process, primary particles are fused together and branched particles are made 
(figure 3). 
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Figure 3: The primary particles become fused together during the production process to 
branched carbon black particles and sometimes form agglomerates.  
 
The branched particles can bind antibodies to its large surface area and are available in 
different sizes useful for different detection ranges.  

3.4 Gel Filtration  
One method to separate proteins is Gel Filtration (GF)[23],also named Size Exclusion 
Chromatography(SEC). GF separates macromolecules based on differences in size as they 
pass through a gel consisting of a three-dimensional molecular network. Unlike other 
separation methods like affinity and ion exchange chromatography, proteins do not bind to 
the medium. The gel filtration medium is packed into a column to form a packed bed. The 
pores within the bed are of different sizes so some are not accessible by large molecules but 
smaller molecules can penetrate all pores. The first fraction to be eluted is the largest 
molecules and these molecules have spent less time in the column. The column size 
selected depends on the sample volume that is going to be applied to the column. The 
sample volume has to be ≤ 2% of total volume of column.[24] 

3.5 Statistical Calculations  
The lowest detectable concentration of an analyte is described as detection limit and is the 
concentration of the analyte that gives a response, which has a statistically significant 
difference from the signal of the zero analyte. Detection limit is the calculated 
concentration value for the obtained signal 2 standard deviation above the average signal 
for zero analyte.[25]  
 
 

4. Material 

4.1 Samples  
 
Table 1: Urine samples from healthy women. 
Identity Age of 

donator 
pH Conductivity 

mS/cm 
Precipitates 

U40 27 6.18 14.7 substantial 
yellow 

U48 56 6.16 12.96 substantial red
U49 49 6.58 12.48 substantial red
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Table 2: Urine samples from healthy men. 
Identity Age of 

donator 
pH Conductivity 

mS/cm 
Precipitates 

U42 52 5.57 18.50 substantial 
red 

U43 33 6.54 12.84 substantial 
yellow  

U47 50 6.08 16.09 substantial 
red 

U50 52 5.62 18.96 substantial 
red 

U52 57 6.35 12.86 substantial 
red/yellow 

U53 52 6.67 29.40 gentle light 
red 

U54 60 5.86 16.95 substantial 
yellow/white  

U56 60 6.25 14.44 substantial 
red/yellow  

 
 
Table 3: Urine samples from men with prostate cancer. 
Identity pH Conductivity 

mS/cm 
Precipitates 

  UP1 5.17 32.33 substantial light 
red/white 

UP2 5.61 15.7 substantial light 
red/white 

UP3 5.25 29.9 substantial white 
UP4 4.96 16.3 gentle white/yellow 
UP5 6.07 30.2 gentle white 
UP6 5.18 24.2 substantial red 
UP7 5.10 16.6 no visible 
UP8 5.49 28.2 substantial red 
UP9 5.38 24.9 substantial red 

 

4.2 Antibodies 
Anti-PSA, mouse monoclonal antibodies, named A-E were obtained from different 
companies. 

4.3 PSA 
PSA, enzymatic active human PSA from semen, was obtained from Calbiochemicals. 
This PSA was used as a calibration standard for the immunochromatographic test. 
 

4.4 Reagents 
Carbon black, CB 1, 10 mg carbon /ml was provided by MAIIA AB, Uppsala. 
PSA-EIA kit (REF 340-10) was purchased from CanAg, Gothenburg 
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Carbon black anti-PSA dilution buffer A was obtained from MAIIA AB and contained 
phosphate buffer pH 7.5 with BSA, NaCl and polymer while buffer B contained only 
phosphate buffer and BSA.
Washing buffer C was obtained from MAIIA AB and contained polymer and detergent. 
 

4.5 Membrane for immunochromatography 
A backed nitrocellulose membrane with a nominal pore size of 3 µm wad obtained from 
Whatman. 

4.6 Molecular weight calibration kit 
LMW standard for gel filtration GE healthcare 
-Chymotrypsinogen, 25 000 Da  
-Ovalbumin, 43 000 Da  
-BSA, 67 000 Da  
 
HMW standard for gel filtration GE healthcare  
-Aldolase, 158 000 Da  
-Ferritin, 440 000 Da, 
 

4.7 SEC-Column 
Superdex 200, Hiload 16/60, applied to an ÄKTA Explorer system GE Healthcare 

5. Methods 

5.1 PSA-EIA 
 
According to the manual from CanAg the PSA-EIA was performed as followed: 
- micro plates coated with Streptavidin were washed once with 

plate washer. 
- calibrators, controls and samples were added in duplicate, 25µl in 

each well. 
- 100 µl antibody-biotin solution was added in each well 
- incubation 1 hour at room temperature on a plate shaker 
- each well was washed six times with wash solution 
- 100 µl of TMB(tetramethylbenzidine) HRP (horse radish peroxidase)-substrate was added 
to each well 
- incubation 30 min at room temperature on a plate shaker 
- the absorbance at 620 nm was measured  
 
Samples: 
- 30 µg/L, 10 µg/L and 3 µg/L PSA from CanAg and Calbiochmeicals 
 
- pretreated urines (5.6.1-2) 
 
Both PSA and samples were diluted with 0.3% BSA, 20 mM phosphate buffer pH 7.5, 100 
mM NaCl, 0.002% merthiolat. 
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5.2 Applying of antibody-dots to nitrocellulose membrane 
Six different PSA antibodies, named A, B, C, D and E, in a concentration of 0.5 mg Ab/ml 
and a volume of 1µL were applied to a 5*30 mm strip of 3 µm lateral flow nitrocellulose 
membrane mounted on an absorbing sink. The membranes were then dried at 37 degree C.  

5.3 Labelling of anti-PSA with carbon black 
The antibodies A-E were labelled with carbon black by incubating 500 µg CB1/ml + 35 µg 
Ab/ml e-o-e for 1h. 20% BSA to a final concentration of 1% were added to each reaction 
tube and incubated again for 30 minutes. The solutions were washed four times with carbon 
black dilution buffer B through centrifugation (20800 g, 5 min). After the final washing 
step, the concentration of the suspension was about 1 mg carbon black/ml. 

5.4 PSA-Dot test 
Through an immunochromatographic test, PSA-Ikr, the affinity between the antibody 
membranes (5.2) and the carbon labelled antibodies (5.3) were study to determine the 
preferred antibody complex. 25 µl PSA in a concentration of 0, 0.1, 1 and 10 µg/L, diluted 
in 20 mM phosphate buffer pH 7.4, 0.1% BSA, 0.1 M NaCl, 0.1% tween 20, 0.05 % NaN3 
were absorbed for five minutes by the antibody-membranes. 25 µl carbon labelled antibody 
diluted to 0.2 mg C/ml in dilution buffer A were then absorbed by the membranes for five 
minutes. 20 µl of washing buffer C were finally absorbed by the membranes and non bound 
particles were washed away. The membranes were dried for 30 minutes and the intensity of 
blackness for every dot was estimated.  

5.5 PSA-Immunochromatographic test 
Two different PSA antibodies named, A and B were applied (1 µl/cm) using Biodot 3000 
application equipment to a 30 cm long and 22 mm wide strip of 3 µm lateral flow 
nitrocellulose membrane in a concentration of 1.0 mg Ab/ml. The membranes were then 
dried and treated according to a confidential manufacturing procedure, mounted to an 
absorbent sink and finally cut into 5 mm wide strips. The antibody line was situated about 8 
mm up on the 22 mm wide nitrocellulose membrane and the total length of the strip was 50 
mm including the absorbent sink. 
 
25 µl of PSA standard (0, 0.03, 0.1, 0.3, 1, 3 and 10 µg/L, diluted in 20 mM phosphate 
buffer pH 7.5, 0.3% BSA, 0.1% tween 20, 0.05% NaN3 ) or sample, were absorbed for five 
minutes by antibody membranes applied with anti-PSA A and anti-PSA B (figure 4). The 
membranes were then placed in 25 µl carbon labelled antibody in dilution buffer B for five 
minutes. Finally 20 µl washing buffer B, were absorbed for five minutes. The membranes 
were then dried and after approximately 40 minutes, the blackness of each PSA-line was 
measured by a scanner (figure 5). Samples were diluted in 20 mM phosphate buffer pH 7.5, 
0.3% BSA, 0.1% tween 20, 0.05% NaN3 before run.  
All samples and standards were tested in duplicates. 
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Figure 4:  Absorbing of sample 

 

 
Figure 5: The final appearance of the detection line for PSA 
 immunochromatographic test when 0, 0.03, 0.1, 0.3, 1, 3 and 10 µg PSA/L were used as 
sample using duplicates. 
 

5.6 Urine pretreatment  
All urines were gently stirred and the precipitates were distributed equally to the tubes 
before pretreatment.  

5.6.1 Pretreatments of urines reported in 6.4.1 
U50, U54 and U56 were prepared by centrifugation of 100% urine (20800 g, 5 min). The 
supernatants were collected. 

5.6.2 Pretreatments of urines reported in 6.6 
90% urine was prepared by neutralization of the pH, addition of chelator and detergent.  All 
visible precipitates were dissolved. 
 
5.6.3 UP7 before and after 0.22 µm filtration reported in 6.6.3  
20% BSA was added to UP7, pH adjusted to 7-7.5, which gave a concentration of 90% 
urine and 1.8% BSA. 100 µl was transferred for later PSA-Ikr. The remaining urine was 
0.22 µm (13 mm) filtrated and then left for later PSA-Ikr. 

5.6.4 Pretreatments of urines before SEC-separation  
90% urine (U56, U50 and U54) was prepared by neutralization of the pH and addition of 
chelator and detergent. UP6 was from preatreatment 2, day 8 as reported in section 5.7. 
UP7 was pH adjusted to pH 7-7.5 the same day as separation 
 

5.7 Solubilization of urine precipitates  
Four different urines, U53, U54, UP6 and UP7 with different pH and amount of 
precipitates (table 4), were pretreated in five different ways as described below.   
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Table 4: pH and amount of precipitates for 
U53, U54, UP6 and UP7 

Identity pH Precipitates 
U53 6.67 gentle light red 
U54 5.86 substantial yellow white 
UP6 5.18 substantial red 
UP7 5.10 no visible 

 
1.2 ml of each urine was thawed and gently stirred so the precipitates were distributed 
equally into separate tubes.  
 
An aliquot of 0.2 ml 100% urine was centrifuged (20800 g, 5 minutes). The supernatants 
were transferred to another tube and the precipitates were discarded. (Pretreatment nr 1). 
 
To an aliquot of 1 ml of 100% urine, 1M NaOH was added to adjust the pH to ~7-7.5. pH 
was measured using a pH-paper. 200 µl from each urine samples were transferred to 
another tube. (Pretreatment nr 2).  
 
80 µl of chelator, 0.02% NaN3 were added to 720 µl of the pH adjusted urines to a final 
concentration of 90% urine with chelator pH 7-7.5. 200 µl of each samples were transferred 
to another tube. (Pretreatment nr 3).  
 
6 µl of detergent was added to 594 µl of 90% urine with chelator to a final concentration of 
89% urine 0.1% detergent. 200 µl of each samples were transferred to another tube. 
(Pretreatment nr 4).  
 
40 µl of detergent 20 were added to 360 µl of pretreatment nr 4 to final concentration 80% 
urine, chelator and 1.1% detergent. (Pretreatment nr 5). 
 
The samples were analyzed one hour, three days and seven days after pretreatments. 
Between the measurements the samples were stored in +4 ◦C. 
  

5.8 SEC separation on Superdex 200 

5.8.1 Column calibration 
The elution volume for the column, Superdex 200, Hiload 16/60 was measured for: 

 
BSA 67 000 Da 
Chymotrypsinogen 25 000 Da 
Ovalbumin 47 000 Da 
Aldolase 158 000 Da 
Ferritin 440 000 Da 

 
 
All separations where performed in 0.05 M phosphate buffer pH 7.5, 0.9 % NaCl, 0.05% 
tween 20, 0.02 % NaN3 with a flow rate of 1 ml/min and detection at A280. The injected 
volume was 0.5 ml of a concentration of 2 mg/ml except for BSA which had a 
concentration of 5 mg/ml. 
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5.8.2 SEC separation of urines 
SEC separations were performed on a Superdex 200, Hiload 16/60, total volume 120 ml, 
with A280 detection and with a flow rate of 1 ml/min. 0.05 M phosphate buffer pH 7.5, 0.9 
% NaCl, 0.05% tween 20 0.02 % NaN3 was used as separation buffer and fractions of 1 ml 
were collected in a 96 well (2 ml) plate between elution volume 30 and 120 ml. 10 µl 20% 
BSA was added to each well before separation was started.  
After separation of 2-3 urines, the column was washed with one column volume of 0.5 M 
NaOH, one column volume of deionized water and finally with two column volume of 0.05 
M phosphate buffer, 0.9 % NaCl, 0.05% tween 20, 0.02 % NaN3 . 
 
Sample preparation: 
20% BSA was added to each pretreated urine (5.6.4) to a final concentration of 1.8-2% 
BSA. The urines were then filtrated (0.22 µm 13 mm). 100 µl urine was left for later 
determination of total PSA concentration of the applied urine to the column.  
 
U54: 0.5 ml of pH corrected 82% urine with 2% BSA, chelator and detergent was injected 
in the ÄKTA Explorer. 
 
UP6: UP 6 from pretreatment 2 (5.7) day 8, stored in + 4◦ C, was diluted with separation 
buffer. 0.5 ml 17% urine with 1.8% BSA was injected in the ÄKTA Explorer 
 
UP7: pH adjusted to 7-7.5. 1.5 ml 90% urine, 1.8% BSA was injected in the ÄKTA 
Explorer. 
 
The obtained fractions between elution volume 83 and 93 ml were transferred to eppendorf 
tubes and were measured with PSA-Ikr together with the applied urine sample. 
 

5.8.3 SEC-separation of urine U50 and U56 - initial trials 
The separation was performed as described in the main section above but the fractions were 
not transferred to eppendorf tubes after separation. In the calculation of recovery the total 
amount of PSA applied was determined from earlier measurements which seem not to be 
optimal. 
 
U50: 0.5 ml of pH corrected 82% urine with 2% BSA, chelator and detergent was injected 
in the ÄKTA Explorer. 
 
U56: 0.5 ml of pH corrected 82% urine with 2% BSA, chelator and detergent was injected 
in the ÄKTA Explorer 
 

5.8.4 SEC-separation of U56 - first run 
100% U56 was centrifuged (20800 g, 5 minutes) and the supernatant were then filtrated 
(0.22 µm 13 mm). 0.5 ml of the filtrated urine was injected in the ÄKTA Explorer and 
A280 was detected for 0.5 ml fractions between 79 and 94 ml. 
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6. Results and discussion 

6.1 PSA-EIA 
The standard curve for PSA-EIA and CV (%) for each standard point is shown in table 5 
and figure 6. Average and median CV were determined to 2.9% respective 2.2% which is a 
very good precision. Detection limit was calculated to160 ng/L. 
 
Table 5: Signal A620 and CV (%) for each standard point in PSA-EIA. 
 Average CV (%) and median CV (%) were determined to 2.9% respective 2.2%. 

PSA µg/L Abs 620 nm CV% 
0 0.059 7.2 
1 0.108 3.3 
2 0.173 4.9 
10 0.655 1.2 
30 1.697 0.3 
60 2.701 0.7 
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Figure 6:Enzyme immuno assay of PSA. The PSA concentration in each sample is plotted 
against the obtained absorbance at 620 nm.  
 
 
 
In order to compare the CanAg dilution buffer with a dilution buffer containing 0.3% BSA, 
20 mM phosphate buffer pH 7.5, 100 mM NaCl, 0.002 % merthiolat the PSA-stock 
solution from CanAg was diluted in both buffers. Dilution of PSA in the new dilution 
buffer showed slightly lowered values, 93%, compared to the standard dilution buffer 
composition in the PSA-standard from CanAg (table 6).  
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Table 6: Dilution buffer control. 
PSA from CanAg was diluted with 0.3% BSA, 20 mM phosphate buffer pH 7.5, 100 mM 
NaCl, 0.002 % merthiolat and compared with dilutions using CanAg dilution buffer. When 
using the new dilution buffer the obtained concentration values was slightly lower (7 %) 
compared to the original buffer. 

Test date Average ( %)*

New dilution buffer /CanAg dilution buffer  
060904 88 
061109 94 
061127 97 

* New dilution buffer (0.3% BSA, 20 mM phosphate buffer pH 7.5, 100 mM NaCl, 0.002 % merthiolat) /CanAg dilution buffer 

 
PSA from Calbiochemicals and CanAg were both diluted in 0.3% BSA, 20 mM phosphate 
buffer pH 7.5, 100 mM NaCl, 0.002 % merthiolat to verify how the two PSA preparations 
were correlated. Both PSA from CanAg and PSA from Calbiochemicals were diluted to 3, 
10 and 30 µg/L. Table 7 shows the measured concentration for each dilution. PSA from 
Calbiochemicals showed an average signal of 93% to PSA from CanAg. 
 
Table 7: Comparing PSA. 
PSA from CanAg and from Calbiochemicals where diluted to 3, 10 and 30 µg/L in the same 
buffer and measured by CanAg EIA. PSA from Calbiochemicals showed slightly lower 
values (7 %) compared to PSA from CanAg.   

PSA CanAg 
µg/L 

PSA Calbiochemicals 
µg/L 

% PSA Calbiochemicals / 
PSA CanAg 

2.6 2.5 96 
8.4 8.5 101 
28.3 23.0 81 

 

6.2 PSA-Dot test 
The first step in developing a PSA-Ikr assay was to find a suitable pair of anti-PSA that 
both can bind to PSA without disturbing each other.   
As described in 5.4, 25 µl PSA in a concentration of 0, 0.1, 1 and 10 µg/L were absorbed 
for five minutes by the antibody-membranes. 25 µl carbon labelled antibody diluted to 0.2 
mg C/ml were then absorbed by the membranes for five minutes. 20 µl washing buffer, 
were finally absorbed by the membranes and non bound particles were washed away. The 
membranes were dried for 30 minutes. The formation of immunocomplex between the 
antibody in the capture zone and the carbon black labelled antibody could be seen by the 
eye as different degrees of darkness in the spot. The result is presented below (table 8-10), 
where blackness of every dot, compared to the blackness when zero PSA was applied, was 
estimated from 1-3, where 3 is darkest.   
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Table 8: Specific binding, 10 µg/L PSA, blackness per pixel. 
 

 Solid 
phase 

antibody 

    

Labelled 
antibody 

 D  B  E  A  C 

 D 0 2 3 0 3 
 B 2 0 2 1 0 
 E 3 3 0 3 0 
 A 0 3 3 0 3 
 C 3 0 0 2 0 

 
 
Table 9: Specific binding, 1 µg/L PSA, blackness per pixel. 
 

 Solid 
phase 

antibody 

    

Labelled 
antibody 

D B E A C 

D 0 2 3 0 3 
B 2 0 2 2 0 
E 2 2 0 1 0 
A 0 2 2 0 3 
C 2 0 0 2 0 

 
 
Table 10: Specific binding, PSA, 0.1 µg/L, blackness per pixel. 
 

 Solid 
phase 

antibody 

    

Labelled 
antibody 

D B E A C 

D 0 0 1 0 1 
B 0 0 0 0 0 
E 0 0 0 0 0 
A 0 0 0 0 0 
C 0 0 0 1 0 

 
On the basis of the results present above, a schematic picture of how the antibodies are 
binding to different epitopes is presented below (figure 7). Anti-PSA D and anti-PSA A 
show affinity to the same epitope, anti-PSA C competes both with anti-PSA B and anti-
PSA E for the same or nearby epitope, while anti-PSA B and anti-PSA E reacts to different 
epitopes on PSA. In combination of solid phase/labelled antibody systems AC, ED and CD 
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were the most sensitive pair and showed a signal at 0.1 µg/L. As a solid phase antibody 
there is preferable to have an antibody that only has affinity to PSA and not also to hk2. 
Anti-PSA E and anti-PSA C both react with hk2 and are of that reason not suitable as a 
solid phase antibody. On the basis of these result, anti-PSA A and anti-PSA B were 
selected to use as a solid phase antibody despite anti-PSA B together with labelled antibody 
D, E and A  was not showing any signal at 0.1 µg/L. 
 

 
anti-PSA D 
anti-PSA A 

 
anti-PSA E 

 
anti-PSA B 

anti-PSA C 

 
Figure 7: Schematic picture how the different antibodies can find separate epitopes when 
binding to PSA. Anti-PSA D and anti-PSA A show affinity to the same epitope, anti-PSA C 
competes both with anti-PSA B and anti-PSA E for the same or nearby epitope, while anti-
PSA B and anti-PSA E reacts to different epitopes on PSA. 

 

6.3 Standard curves and detection limits for six different developed 
immunochromatographic PSA tests 
PSA immunochromatographic test was developed for six different sandwich anti-PSA pairs 
where two anti-PSA (A and B) were selected to be immobilized in a thin line on the 
membrane. Solid phase with anti-PSA A was tested with labelled antibodies B, C and E. 
Solid phase with anti-PSA B was tested with labelled antibodies A, D and E.  
The standard curves of PSA in the immunochromatographic test are shown below (figure 
8). The PSA concentration is plotted against delta blackness/pixel (+/- 1 SD for the 
replicates). The different systems have a detection limit between 1.2-55 ng/L, see table 11, 
for detection limit, average and median CV. The best system, AC, solid phase aPSA A and 
labelled antibody C has a detection limit of 1.2 ng/L and very good average and median CV.   
System AC is also compared to the dilution curve from PSA-EIA (figure 9). System AC 
shows a 130 times more sensitive detection limit than PSA-EIA. 
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Figure 8: Immunochromatographic assay of PSA. The PSA concentration 
 in the sample is plotted against the obtained delta blackness intensity 
 (±1 SD for the test replicates).  
 
 
Table 11: Detection limit, average and median CV presented for  
six different PSA-Ikr systems.   
System Delta 

blackness 
at 0 µg/L 

Delta 
blackness 
at 1 µ/L 

Detection 
limit ng/L 

Average 
CV (%) 

Median 
CV (%) 

AC 139 13472 1.2 7 5.0 
AB 220 8373 5 8.5 4.1 
AE 56 7509 9 24.1 8.7 
BA 874 8072 11 7.9 7.9 
BD 419 7411 11 9.1 4.9 
BE 474 4463 55 10.4 5.1 
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Figure 9: Signal from system AC compared with signal from PSA-EIA. The signal for 
system AC is in delta blackness/pixel and for PSA-EIA in Au multiplied with 10000 
 

6.4 Pretreatment of urine samples  

6.4.1 The presence of PSA in urine precipitates 
U50, U54 and U56 were prepared by centrifugation of urine as described in 5.6.1. The 
supernatants were collected and the precipitates discarded. This was compared with, when 
the precipitates were dissolved as described in 5.6.2. The concentration of PSA was 
measured with PSA-EIA and PSA-Ikr (system AC and BA) and the results can be found in 
table 12-14. It was found that for some urines more than 99 % of PSA was left in the 
precipitates. This result confirms clearly that PSA is in the precipitate which has to be 
dissolved.  
 
Table 12: Difference in PSA concentration measured with PSA-EIA  
between urines that have been pretreated with buffer or only centrifuged  

Sample 
Supernatant  

µg/L 
Buffer treated*  

µg/L 
U50  <10 140 
U54  <10 243 
U56  18.7 392 

* pH corrected, chelator and detergent. 

 

Table 13: Difference in PSA concentration measured with PSA-Ikr system AC  
between urines that have been pretreated with buffer or only centrifuged  

Sample 
Supernatant  

µg/L 
Buffer treated*  

µg/L 
U50  1.0 132 
U54  1.4 261 
U56  20.1 343 

* pH corrected, chelator and detergent 
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Table 14: Difference in PSA concentration measured with PSA-Ikr system BA  
between urines that had been pre-treated with buffer or only centrifuged  

Sample 
Supernatant  

µg/L 
Buffer treated* 

 µg/L 
U50  0.6 147 
U54  0.5 260 
U56  12.3 275 

* pH corrected, chelator and detergent. 

6.5 Solubilization of urine precipitates 
The concentration of two different normal urines, U53, U54 and two patient urines, UP6 
and UP7 were analyzed three times during one week and with five different pretreatments 
as described in 5.7. All urines were gently stirred; precipitates were distributed equally in 
the different tubes before pretreatment started. PSA-Ikr was performed for system AC after 
one hour, three days and finally after seven days. Between the measurements, the 
pretreated urines were stored in + 4◦ C. All the urines, except U53 and UP7 had substantial 
precipitates. Result of the pretreatment study of four different urines is presented in table 
15. 
 
Table 15: Results of different pretreatments (Pt) for four urines. Concentration 
 of PSA in µg/L measured with PSA-Ikr system AC. 

 Sample Pt 1 
Super-
natant 

Precipita-
tions 

discarded  
 

Pt 2 
pH>7 

Pt 3
pH>7, 

chealtor 

Pt 4 
pH>7,  

 chelator, 
0.1% 

detergent 

Pt 5 
pH>7, 

 chelator, 
1.1% 

detergent 

U53 1h 2 18 35 152 39 

U53 day 
3 

5 63 50 42 40 

U53 day 
7 

46 95 62 69 67 

U54 1h 1 134 290 481 132 

U54 day 
3 

1 163 192 156 171 

U54 day 
7 

3 173 143 254 332 

UP6 1h >100 524 1747 1160 1291 

UP6 day 
3 

545 1982 609 605 695 

UP6 day 
7 

2172 1680 1524 1785 1586 

UP7 1h 30 22 35 27 30 

UP7 day 
3 

18 34 37 29 24 

UP7 day 
7 

20 29 40 33 36 
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The PSA-Ikr was performed for system AC. All urines had an acidic pH except U53 with a 
pH of 6.67 before pretreatments. UP 7 was the only urine without visible precipitates 
before pretreatment and UP6 had substantial red precipitates. The visible precipitates for 
urine U53, U54 and UP6 were dissolved after pretreatment nr 2.  
After one hour the best pretreatment seems to be nr 4 and 5 both with chelator but 
differences in detergent concentration. When adjusting pH to 7-7.5 precipitates with urine 
acid are dissolved. When applying a calcium binding chealtor it is also possible to dissolve 
precipitates with calcium phosphate. Detergents also add in dissolving precipitates, as seen 
by a higher PSA concentration for pretreatment nr 4 and 5. After day three and seven the 
concentration of PSA is higher for some urines and lower for others. One explanation can 
be that despite non visible precipitates there are still precipitates that dissolve very slowly. 
A reduction of PSA may also depend on a degradation of PSA by proteases. For all urines 
expect UP7, there is a huge difference in PSA concentration between the days and thereby 
show difficulties in measurement of PSA in urine. UP 7 was the only urine that had a 
comparable PSA concentration during all the measurements and also the only one who had 
none visible precipitations. These findings suggest that an optimal environment for 
dissolving precipitations can be a neutral pH, calcium chelator and a detergent.  
 
 
6.6 PSA in urine measured with PSA-EIA and PSA-Ikr 
Before PSA-EIA and PSA-Ikr, the urine samples were pretreated (5.6.2) to neutral pH, 
chelator and detergent were added. 
All visible precipitates were dissolved.  
 
The concentration of PSA in the urine samples, both from normal healthy individuals and 
from patients with prostate cancer is presented in table 16 and graphical for system AC in 
figure 10. The median concentration of normal male urine was 106 µg/L measured with 
system AC. The highest value of 991 µg/L was obtained in the urine from a patient with 
prostate cancer but several of the urine specimens from patients showed non-detectable 
values. There are some differences between the systems, some urines correlate very well 
and someone does not.  PSA-Ikr is much more sensitive than the PSA-EIA and the PSA-
EIA system is made for serum and not for urine specimens. Another reason can be variance 
in affinity to different epitopes on the PSA molecule. The unexpected low PSA 
concentration in urine from patient with prostate cancer can depend on the handle of the 
urine samples during collection from patients and different forms of PSA in these samples 
that the selected antibodies do not recognize. Another possible reason is also that some of 
the patients are under medical treatments and thereby show very low concentrations. 
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Table 16: Immunochromatographic test. The concentration of PSA in urine from healthy 
women, healthy men and men with prostate cancer when measured with PSA-EIA and PSA-
Ikr 

Identity PSA µg/L with 
PSA-EIA 

PSA µg/L with 
system AC 

PSA µg/L with 
system BA 

Healthy women    
U40 <5 <0.03 <0.03 
U48 30 16 29 
U49 <5 <0.03 <0.03 

    
Healthy men    

U53 45 80 70 
U43 5,9 17 20 
U52 24 33 29 
U54 243 261 260 
U42 147 194 168 
U47 35 58 42 
U50 140 132 147 
U56 392 343 275 

    
Men with prostate 

cancer 
   

UP1 13,9 14 19 
UP2 <1 0.4 <0.03 
UP3 <1 <0.03 <0.03 
UP4 <1 0.6 0.3 
UP5 <1 0.1 0.6 
UP6 584 991 706 
UP7 8,7 49 22 
UP8 <1 13 7 
UP9 1.1 11 6 
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Figure 10: PSA in urine for three different populations measured with system AC 
 
 

6.6 SEC Separation on Superdex 

6.6.1 SEC-separation of different proteins 
The obtained elution profile for different applied proteins is presented in figure 11 where 
elution volume in ml is plotted against absorbance at A280 (mAu). The result indicates that 
PSA, a 30 kDa protein should have an elution volume somewhere between 85 and 90 ml.  
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Figure 11: Elution volume for different proteins applied to Superdex 200 16/60 
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6.6.2 SEC-separation of urines 
For all specimens a single peak was eluted almost in the same position which was 
consistent with a 30kDa molecular weight protein and no larger complex of PSA could be 
found. There was no different of the PSA-profile between patient samples and samples 
from healthy men. The PSA-profiles for urine U54, UP6 and UP7 separated with the main 
method are shown below (figure 12-14). 
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Figure 12: PSA-profile of U54, healthy man. The elution volume for the peak was 89 ml 
and correlates well with a 30 kDa protein (figure 13).  The profile also shows a perfect 
correlation between the two PSA-Ikr systems.  The recovery for system AC was 81% and 
90% for BA.  
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Figure 13: PSA-profile of UP6, man with PCa. The elution volume for the peak was 90 ml 
with system AC and 91 ml with BA. The differences in elution volumes between the systems 
can depend on difficulties in detection of PSA and instability of PSA in some fractions. The 
recovery for system AC was 84% and 97% for BA.  
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Figure 14: PSA-profile of UP7, man with PCa. The elution volume for the peak was 90 ml 
with both systems. Recovery for system AC was 16% and 12% for BA.  
A low yield can depend on instability and precipitation of PSA. 
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Total concentration of PSA for the injected urines and PSA for peak fractions was 
measured with PSA-Ikr for both system AC and BA the same day as the separation was 
performed. The remaining fractions were measured one day after separation. For all 
specimens a single peak was eluted almost in the same position which was consistent with 
a 30kDa molecular weight protein and no larger complex of PSA could be found. There 
was no different of the PSA-profile between patient samples and samples from healthy men. 
PSA was protected from absorption to the column through addition of BSA (2%) to the 
applied urine sample and addition of 0.2%BSA in the fraction wells and the sample volume 
in the wells were directly transferred to eppendorf tubes for storage. The top fractions were 
gently stirred before measured with PSA-Ikr. Despite this treatment there was a very low 
recovery for UP7 which may depend on instability and precipitation of PSA. The 
difference in elution volume for UP6 may also depend on difficulties in the detection of 
PSA and instability of PSA in some fractions.  
 
 
 

6.6.3 Before and after 0.22 µm centrifugation of UP7 
A PSA-Ikr was performed for UP7 (5.6.3) before and after 0.22 µm filtration. The result is 
shown in table 17 and indicates that PSA passes through the 0.22 µm membrane without 
any problem. 
 
Table 17: PSA in µg/L from UP7 before and after 0.22 µm filtration. 

Sample System AC 
µg/L 

System BA µg/L 

UP7 before 0.22 µm 
filtration 

71 51 

UP7 after 0.22 µm 
filtration 

74 66 
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6.6.4 SEC-separation of U50 and U56 second run 
The PSA-profile for U50 and U56 are shown in figure 15-16. 
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Figure 15: PSA-profile of U50, healthy man. The elution volume was 89 ml for system AC 
and 87 ml for system BA. The recovery for system AC was 67% and for BA 19%. The top 
fractions were not transferred to eppendorf tubes and PSA-Ikr was measured for system AC 
one day after separation and for BA ten days after separation. The reasons to the double 
peak and the bad recovery can depend on instability and degradation of the protein due to 
the above treatments of the fractions.  
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Figure 16: PSA-profile for U56. The elution volume was 88 ml for system AC and 89 ml 
for system BA. The recovery for system AC was 30% and for BA 9%. The top fractions 
were not transferred to eppendorf tubes and PSA-Ikr was measured for system AC same 
day as separation and for BA eight days after separation. The reasons to the bad recovery 
can depend on instability and degradation of the protein due to the above treatments of the 
fractions. U56 also shows a peak at 65 ml but the amount of protein is small. 
 
 
 
The huge difference between recoveries for the two systems is probably due to the long 
time, 10 days for U50 and eight days for U56 between the measurements. A large part of 
PSA seems to be degraded during storage, + 4◦ C for U50 and −20◦ C U56. The low 
recovery for U56 can also depend on a bad stirring of the fractions during the thawing of 
the fractions. Another reason for the bad calculated recovery may be to the determination 
of applied PSA was not performed on the injected urine sample. The value of total 
concentration PSA in the urine samples, U50 and U56, was obtained from an earlier PSA-
Ikr measurement. Considering the huge variations in obtained PSA concentration during 
the study in section 6.5 it seems obvious that the recovery calculation will have a 
considerable variation.  
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6.6.5 SEC-separation of U56 first run 
The result of the SEC-separation of U56 first run is present in figure 17. 
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Figure 17: PSA-profile for U56, healthy man. The elution volume was only measured with 
system AC and was 86.5 ml. Fractions were not transferred to eppendorf tubes.  Fractions 
of elution volume 79-94 ml were measured same day as separation and showed a recovery 
of only 6%. The low recovery may surely depend on the discard of the precipitate before 
adding the supernatant to the column and may also depend on lack of BSA protection both 
in the applied urine and in the fractions. 
 
 
An overview of the recoveries measured with both systems, from each separation is present 
in table 18. The elution volume for the PSA, the added BSA and the obtained A280 
measurable low molecular weight peak for each SEC-separation are presented in table 19 
and it seems like the different separations run gives the same elution profile.  
 
Table 18: Recovery from SEC-separation of each urine, measured with 
 the two systems of PSA-Ikr developed in this project. 

Urine sample Recovery % 
system AC 

Recovery % 
system BA 

U50 67 19 
U54 81 90 
U56 30 9 
UP6 84 97 
UP7 16 12 
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Table 19: Elution volume for different substances in urine for each  
SEC-separation. PSA concentration measured with systems AC and BA. 

SEC-
separation 

Elution 
volume for 
PSA in ml 
system AC 

Elution 
volume for 
PSA in ml 
system BA 

Elution 
volume for 
BSA in ml 

Elution 
volume low 

molecule 
weight in 

ml 
U56  88 89 78 125 
U50 89 87 78 125 
U54 89 89 78 125 
UP6 90 91 78 125 

UP7 90 90 78 125 
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7. Conclusion  

The results and conclusion in this thesis can be summarized as follow: 

The most sensitive immunochromatographic system AC, showed a detection limit which is 
130 times more sensitive than presently available commercially enzyme immunoassays. 

Most of the PSA in urine is in precipitate if there exist any precipitates. 

The urine precipitates can be dissolved by adjusting pH to neutral, adding a chelator and a 
detergent. 

The median concentration in normal male urine was 106 µg/L. The highest value of 
991µg/L was obtained in urine from a patient with prostate cancer but several of the urine 
specimens from patients showed non-detectable values. The unexpected low PSA 
concentration in urine from patient with prostate cancer can depend on medical treatments 
of the patients, the handling of the urine samples during collection from patients and 
different forms of PSA in these samples that the chosen antibodies do not recognize.  

No complex of PSA in urine with other proteins could be detected with SEC neither for 
normal urines or patients samples.  

Despite protection with BSA both during SEC separation and storage of the fractions, poor 
recovery was received for some urines, especially when measured during several days. The 
poor recovery can depend on instability and degradation of PSA, insecure in calculation 
data (total concentration of PSA in the applied urine) and re-precipitation of PSA after 
pretreatment. 
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