
Appendix A – Materials and Methods 

A.1Chemicals, Reagents and Other Materials  

All chemicals and reagents were supplied by Sigma-Aldrich (Poole, UK) unless stated 

otherwise and all equipment used is listed in Appendix B. The cell lines were either 

supplied by the European Collection of Cell Culture (ECACC, Salisbury UK) or the 

American Type Culture Collection (ATCC, Manassas VA USA). 

 

A.2Cell Culture 
A.2.1 Media 

A variety of cell lines were cultured and their names and cellular requirements are 

shown in Table A.1. 

 

A.2.2 Cell Culturing 

All cell lines were cultured in an incubator at 37°C with 5% (v/v) CO2, and the medium 

was changed every other day. Once the cells reached 70-80% confluences they were 

rinsed in phosphate saline buffer (PBS) and passaged by trysinisation with a 1x Trypsin 

solution (approximately 5ml of a 1x solution of trypsin were added/ T75 flask). The 

flasks were then incubated at 37°C for up to 5 minutes to allow the trypsin to dissociate 

the cells (cells were never trypsinised for longer than 5 minutes as cellular damage 

could occur).  The cellular mixture was then transferred to a 15ml centrifuge tube 

(Fisher Scientific, Leicestershire UK) and an equal volume of medium containing serum 

was added to neutralise the trypsin. The cells were then centrifugated at 105 xg at 4°C 

for 5 minutes and the supernatant removed. The pellet was then re-suspended in an 

appropriate volume of medium for further culturing.  

 

For cryo-preparation of cells, the pellet was re-suspended in foetal calf bovine serum 

(FCS) in a 1:1 ratio with 10% (v/v) DMSO in FCS, this was then stored at –80ºC 

overnight and then transferred to liquid nitrogen. For slide preparation, slide flasks were 

seeded and once the cells reached a desired confluence the flasks were washed three 

times with cold phosphate saline buffer (PBS) (Invitrogen Corporation, Paisley UK) 
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(formulation in Appendix B) and fixed by immersion in cold methanol for 10 minutes. 

These were then left to dry at 4°C for 30 minutes and then wrapped in foil and placed at 

-20°C until required. 

 Table A.1. The cell lines used and their media requirements. 

Cell Line 

name 

Cell Type Medium Supplements 

PNT1A 

(ECACC No. 

95012614) 

Normal Human 

Post Pubertal 

Prostate Epithelial 

Cells 

RPMI-1640  2mM Gluatmine, 10% (v/v) 

foetal calf bovine serum and 

5units/ml of Penicillin-and 

0.005mg/ml Streptomycin 

solution 

PC-3 

(ECACC No. 

90112714) 

Human Prostate 

Adenocarcinoma 

Firstly Grown in: -1:1 ratio of 

Coon’s modified F12 

(Scientific laboratory Supplies 

ltd, Leicester UK) and Kaign’s 

modified F12 (ATCC, USA).  

Once Stocks obtained grown 

in :- Dulbecco’s modified 

Eagle’s medium/Nutrient F-12 

Ham 

2mM Glutamine, 7% (v/v) 

foetal calf bovine serum, 

0.045mg/ml of Ascorbic 

acid, 0.018mg/ml solution of 

Myo-inositol and 5units/ml 

of Penicillin-and 

0.005mg/ml Streptomycin 

RT112/84 

(ECACC No. 

85061106) 

Human Bladder 

slow growing 

tumour 

Dulbecco’s modified Eagle’s 

medium/Nutrient F-12 Ham 

1mM Glutamine, 10% (v/v) 

foetal calf bovine serum, 

5units/ml of Penicillin and 

0.005mg/ml Streptomycin 

OE21 

(ECACC No. 

96062201) 

Human Caucasian 

Oesophageal 

Squamous cell 

carcinoma. 

RPMI-1640 10% (v/v) foetal calf bovine 

serum, 5units/ml of 

Penicillin and 0.005mg/ml 

Streptomycin 

CaCO2 

(ATCC No. 

HTB-37) 

Colorectal 

Adenocarcinoma 

Colon 

Dulbecco’s modified Eagle’s 

medium/Nutrient F-12 Ham 

1mM Glutamine, 10% (v/v) 

foetal calf bovine serum, 

5units/ml of Penicillin and 

0.005mg/ml Streptomycin 

PE/CA PJ41 

(ECACC No. 

98020207) 

Oral Squamous 

epithelium 

carcinoma 

Dulbecco’s modified Eagle’s 

medium/Nutrient F-12 Ham 

1mM Glutamine, 10% (v/v) 

foetal calf bovine serum, 

5units/ml of Penicillin and 

0.005mg/ml Streptomycin 
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A.3 Cell Count 
Once cells reached a desired confluence they were washed in PBS and then trypsinised 

as in Section A.2.2.  The cellular pellet was then re-suspended in 2mls of PBS and 100µl 

transferred to a 0.5ml tube with 100µl of trypan blue (viability).  These solutions were 

then mixed together making a final volume of 200µl and left to stand for 1 minute.  

While these solutions were resting the neubauer hemocytometer (Assistent, Germany) 

was prepared as shown in figure A.1.  

 

 

Figure A.1. http://www.ruf.rice.edu/~bioslabs/methods/microscopy/cellcounting.html: A 
cover slip is moistened and placed on the hemocytometer covering the 2 central channels. 

A drop of the cellular mixture was then placed underneath the cover slip at the sample 

introduction point and by capillary action the whole counting chamber filled.  

 

Figure A.2. Diagram of the grid on the hemocytometer each of the 9 square is 1mm and 
the depth between the coverslip and grid is 0.1mm. 
http://www.ruf.rice.edu/~bioslabs/methods/microscopy/cellcounting.html

A cell count was then performed by following these rules:-  The hemocytometer 

contains 2 identical grids one on the upper counting chamber and one on the lower 
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counting chamber, shown in Figure A.2.  Each grid consists of four corner squares 

containing 16 smaller squares and one central square containing 25 little squares. When 

viewed under a microscope if the cellular number exceeded 200 when counting the 

central square alone, then only the 2 central squares on both grids were counted and an 

average was calculated. However if the cellular number did not exceed 200, then all 4 

corner squares were counted on each grid plus the central square. Once the cellular 

average was calculated the equation below was used.   

 

Cellular viability was also assessed using the hemocytometer, by counting the number 

of white and blue cells, once calculated the equation below was used to calculate 

viability.  

 

Once the average is calculated the equation below was used to calculate cellular 

number: 

 

Average  ×    10000a   ×     2b          = Total number of  

   cells in 2ml of       

Cellular suspension 
a Conversion factor 1mm to 1 ml 0.1μl= 1mm) 
b Dilution Factor 

 

To find the number of cells per ml: 

Divide the total numbers of cells in 2ml by 2. 

 

Once number of white to blue cell was calculated the equation below was used to 

calculate cellular viability: 

 

Number of white cells  ×  100 = % Viable Cells 

Total number of white and blue cells 
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A.4 Immuno-cytochemistry (ICC) and Immuno-histochemistry (IHC) 

All incubation periods for immunocytochemistry and immunohistochemistry were 

performed in a humidity chamber. Slides for immunocytochemistry were removed from 

storage at –20°C and incubated at room temperature (RT) for 10 minutes then an 

immedge pen (Vector labs Ltd, Burlingame UK) was used to draw an adequate grid.   

 

Slides for immunohistochemistry were incubated at 60ºC for 20 minutes and then 

placed in histoclear twice (2X) until completely de-waxed. These slides were then re-

hydrated by placing them in various dilutions of ethanol (100%, 100%, 90%, and 70%) 

until finally they were placed in water.  Once re-hydrated the slides were exhausted of 

any endogenous peroxidases by being placed in a 3% solution (v/v) of hydrogen 

peroxidase and methanol, for 15 minutes. After which antigen retrieval was performed 

by placing the slides in a 0.01M solution of Sodium Citrate Buffer pH6 (w/v) for 25 

minutes, in a microwave at full power (optimisation of antigen retrieval for tissue refer 

to Appendix D). Once complete, the slides were then given a further 25 minutes to rest 

and washed in a 1M Tris Buffered Saline solution pH 7.5 (w/v) (TBS) (formulation 

Appendix B) for 5 minutes. 

  

Once both preparation steps were complete the tissue sections and cell lines were 

treated the same way until mounting.   Firstly the slides were blocked to ensure that no 

non-specific binding of the primary antibody could occur. This was done by applying a 

20% secondary serum in 1M TBS pH 7.5 (v/v) (DakoCytomation Ltd, Cambridge UK) 

and leaving it to incubate at 37°C for 1 hour (hr).  Once blocked the slides were then 

incubated with their optimal concentration of the primary antibodies (please ref. to 

specific chapter for appropriate concentration of antibody) for a desired time in a 1% 

secondary serum (v/v) in 1M TBS pH 7.5(w/v).  

 

Following primary incubation the slides were washed in 1M TBS pH7.5 (w/v) for 5 

minutes three times and then incubated with a secondary antibody which was 

biotinylated (DakoCytomation Ltd, Cambridge UK). This was applied to the slides for 1 

hr at 37°C in a 1/200 dilution with a 1% secondary serum (v/v) in 1M TBS pH7.5 (w/v). 
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After the secondary incubation the slides were again washed as before and an 

ABcomplex (v/v) (DakoCytomation Ltd, Cambridge UK) was applied (formulation in 

Appendix B).  This ABcomplex was left in the dark for 20 minutes before being applied 

to the slides and then incubated on the slide at 37°C for 30 minutes. The slides were 

then washed three times and placed in a 3,3 diaminobenzidine tetra hydrochloride 

(DAB) (w/v) solution (formulation in Appendix B) to allow the formation of a brown 

precipitate, which identified the proteins of interest. They were then counter-stained 

using haematoxylin, washed with de-ionised water for 5 minutes and mounted 

For immunocytochemistry the slides were mounted using glycerol (DakoCytomation 

Ltd, Cambridge UK) while for immunohistochemistry the slides were first de-hydrated 

using ethanol (70%, 90%, 100%, and 100%) and then placed in histoclear 2X before 

being mounted with distyrene plasticizer xylene (DPX). 

 
A.5 Protein extraction - CHAPS Lysis Buffer  

Cells were cultured in T75 flasks until they reached a desired confluence, then the 

medium was removed and the cells washed in cold PBS.   10ml of protein inhibitor 

cocktail in PBS (v/v) (MP Biomedicals Inc, Iikirch France) (formulation Appendix B) 

was added, and the flask was scraped to dissociated the cells.  The cellular suspensions 

were then transferred to a 15ml tube and centrifuged at 105 xg for 10 minutes at RT.  

The supernatant was then discarded and the pellets re-suspended in 1.5ml PBS, this was 

then transferred to a 2ml tube and centrifuged at 12,000 xg for 15 minutes at RT. The 

supernatant was discarded and 1.5ml of CHAPS Lysis Buffer (formulation Appendix B) 

was used to re-suspend the cellular pellets.   This tube was then placed in liquid nitrogen 

for a few minutes to aid cell lysis via freeze-thaw, and once frozen the solution was 

quickly thawed and placed on ice for 1 hr. The sample was centrifuged at 12,000 xg at 

4°C for 30 minutes, and the supernatant containing the cellular protein collected. 

 

A.6 Protein Quantification 
The concentration of cellular protein was calculated using the Bradford method and a 

standard curve of absorbency at 595nm was produced. A 1mg/ml protein standard 

solution of bovine γ globulin (Bio Rad lab, Hemel Hempstead UK) was used to generate 

 192



a dilution series (table A.2). To these solutions 1.5ml of Bradford reagent was added, 

vortexed and left to stand at RT for 30 minutes. The absorbance (595nm) of these 

samples was then measured using a spectrophotometer (WPA Lightwave UV/VIS 

Diode array Spectrophotometer version 1.5) and a standard curve was produced 

showing absorbance against concentration of protein. 

 

The protein concentration of an unknown sample was then calculated. Firstly the sample 

was diluted in a 1:5 ratio with nuclease free water, then 1.5ml of bradford reagent was 

added and the sample was then treated the same way as the standard. The protein 

concentration for the unknown sample was then calculated, by reading the concentration 

from the standard graph produced for the bovine γ globulin.  The concentration was then 

multiplied by the dilution factor to give the amount of protein present in the sample 

(µg/ml). 

Table A.2. Preparation of standard for the Bradford method – to produce a graph 
of concentration against absorbency.  

Standard Protein μg/ml Amount of standard applied μl Amount of water applied μl 

0 0 50 

100 5 45 

200 10 40 

400 20 30 

800 40 10 

1000 (1mg/ml) 50 0 

 

A.7 Western Blotting 

Western blotting was performed to assess if a desired protein was present in a sample 

and to semi-quantitatively compare differences in amounts between samples. 

This technique was sub-divided into 3 stages.  

  A) SDS-PAGE Electrophoresis  

  B) Transfer of the protein to a solid phase 

  C) Immuno-detection and Identification of the protein 
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A) Electrophoresis SDS-PAGE 

A polyacrylamide gel made up of a 10% resolving gel and 4% stacking gel of desired 

percentage was produced (formulation in Appendix B). The gel was then placed into the 

electrophoresis kit and running buffer added (formulation Appendix B). The protein 

samples were then thawed, and a loading dye added, at a ratio of 1:5 (formulation in 

Appendix B). These samples were boiled for 5 minutes, placed on ice for 1 minute and 

then loaded into the wells alongside, a protein molecular weight ladder (Autogen-

Bioclear, Wiltshire UK).  

 

Electrophoresis was performed using a Hoefer electrophoresis kit (Amersham 

Pharmacia bioteck, Buckinghamshire UK) at 75 volts for 15 minutes and 115 volts for 

2.15hrs. Once completed the gel was transferred to a solid support.  

 

B) Transfer of the protein to a solid phase 

For transfer from the gel to a membrane a Hoefer semiphor blotter was used (Amersham 

Pharmacia Bioteck, Buckinghamshire UK). Eight pieces of Whatmann filter paper 3mm 

were cut and these along with the gel were soaked in transfer buffer for 1 minute 

(formulation Appendix B). Then an immobilon transfer membrane with 0.45μm pore 

(Millipore, Gloucestershire UK) was cut, soaked in methanol until opaque, water and 

then transfer buffer for 5 minutes. Once ready the blotter was stacked creating a 

sandwich of: anode (+), 4 filters, membrane, gel, four filters and cathode (-) and run at 

70mA for 1 hr causing the proteins to transfer from the gel phase to the solid support 

(membrane).   

 

C) Detection and identification of the protein 

Once transfer was complete, the membrane was removed from the blotter and blocked 

in a 5% solution of low fat milk powder (w/v) (Marvel, Premier bands) in 1M TBS pH 

7.5 at RT for 1 hr. This was performed on a rocker to help ensure all the binding sites 

were blocked. Once blocked, a rabbit polyclonal antibody to PSA RB-9065-P (Stratech, 

Cambridge UK) was applied in a 1/200 dilution in a 5% Marvel solution in 1M TBS 

pH7.5 (w/v) and incubated overnight at 4°C.  
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After incubation the membrane was washed in 1M TBS pH 7.5 with 0.2% Tween20 

(v/v) for 5 minutes and this was repeated five times.  Once washed, the membrane was 

incubated on a rocker for 1.5hr with donkey anti rabbit HRP (Autogen-Bioclear, 

Wiltshire UK) labelled secondary antibody, that was applied in a 1/2500 dilution in a 

5% Marvel solution (w/v) in 1M TBS pH 7.5. Once complete, the membrane was 

washed as before and ECL detection was performed. 

 

Chemiluminesent detection was performed using an ECL plus western blotting 

detection reagent (Amersham Biosience, Buckinghamshire UK).  Reagent A was mixed 

with reagent B in a 40:1 ratio, and applied to the membrane for 5 minutes, after which 

the excess liquid was blotted off using filter paper. The membrane was then sealed in a 

plastic bag and all the air removed. This was placed in a cassette with a film for an 

appropriate time depending on the strength of the signal. Once exposure was complete 

the film was placed in developer for a few seconds until the bands of interest appeared, 

then washed in water, fixed for 5 minutes and finally placed in running water for 5 

minutes. Once complete the film was allowed to air-dry. 

 

A.8 Dot Blot 
A dot blot was performed to see which cell lines expressed a desired protein of interest.  

Firstly a Hybond-C nitrocellulose membrane (Amersham Biosciences, 

Buckinghamshire UK) was cut to the desired size and 2µl of protein was dotted onto the 

membrane and allowed to dry.  Once dry the membrane was treated the same way as the 

membrane for western blotting Section A.8C Detection and identification of the protein.  

 

A.9 PSA ELISA 
96 well plate PSA ELISA kit (Calbiotech Inc, California USA), was used to test the six 

cell lines for secretion of PSA into the media. Firstly, the ELISA wells were allowed to 

warm up to RT, then 50µl of the PSA standards and the samples to be tested were 

pipetted into the individual wells, along with two negative controls (Negative controls = 

media DMEM F12 and RPMI media).  To these wells 50µl of assay buffer was added 

and the plate was covered and incubated for 30 minutes at RT.  Once incubated the well 
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content was removed and washed with 350µl of wash buffer three times and blotted on 

absorbent towel. Then 100µl enzyme conjugate was added to each well and incubated at 

RT for 30 minutes.  The wells were washed as before and 100µl of TMS substrate was 

added and allowed to incubate for 15 minutes at RT.  After incubation, 50µl of stop 

solution was added and mixed for 30 seconds. The absorbance was then read at 450nm 

within 30 minutes.  

 

A.10 RNA Isolation 

RNA isolation was performed using a number of techniques these were:-  Micro-Fast 

Track™2.0 Kit (Invitrogen ™ Living Science, Paisley UK), the RNeasy® Mini column 

(Qiagen, West Sussex UK) and Tri-Reagent (Chapter 6 Section 6.2.3). 

  

A.10.1 Micro-Fast Track™2.0 Kit  

When the cells reached a desired confluence they were washed in PBS then scraped 

from the flask in 10mls of PBS. This cellular mixture was then transferred to a 15ml 

centrifuge tube, and centrifuged at 105 xg for 10 minutes at 4°C.   The supernatant was 

then discarded and 1.5mls of PBS was used to re-suspend the pellet. This was then 

transferred to a 2ml gamma-irradiated tube (Starlabs, Ahrensburg Germany) and 

centrifuged at 12,000 xg for 15 minutes at RT, again the supernatant was discarded.  

 

The pellet was then placed in liquid nitrogen for a few seconds (can stop here and place 

pellet in –80°C) and 1ml of Micro-Fast Track™ 2.0 Lysis Buffer (formulation in 

Appendix A) was added. This was then vortexed and the resulting solution passed 

through an 18-21-gauge needle (0.9mm diameter) till the viscosity reduced. This lysate 

was then placed in a water bath at 45°C for 20 minutes. The lysate was transferred to a 

fresh 2ml gamma-irradiated tube and 63μl of 5M NaCl solution was added, and passed 

through an 18-21-gauge needle.   

 

The mixture was then transferred to an Oligo(dT) Cellulose powder tube and left for 2 

minutes to swell, the mixture was placed on an orbital shaker for 20 minutes, and 

centrifuged at 4,000 xg for 5 minutes at RT.  The supernatant was then discarded and 
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the sample was washed by re-suspending in a 1.3ml binding buffer solution that was 

centrifuged at 4,000 xg for 5 minutes at RT, this was repeated four times.  Once 

completed the Oligo(dT) Cellulose was re-suspended in 0.3ml of binding buffer and 

transferred to a spin column, where the solution was centrifuged at 4,000 xg for 10 

seconds at RT.  The Oligo(dT) Cellulose was then washed by re-suspending in 0.5ml 

binding buffer and centrifuging at 4,000 xg  for 10 seconds at RT, this was then 

repeated four times.  Then the Oligo(dT) Cellulose was re-suspended in 0.2ml Low Salt 

Wash Buffer and centrifuged at 4,000 xg for 10 second at RT, this was repeated two 

times to complete the washes. 

 

The sample was then ready for elution. The spin columns were placed in a fresh 

collection tube and the Oligo(dT) Cellulose re-suspended twice in 0.1ml of elution 

buffer, this was then centrifuged at 4,000 xg for 10 seconds at RT.  The spin column 

was then removed and the flow through retained. To this 10μl of glycogen carrier, 30μl 

of sodium acetate and 600μl of 100% ethanol were added to precipitate out the mRNA.  

The solution was then either stored at -80°C until required, or placed in liquid nitrogen 

for a minute to freeze the sample.  Once the sample was thawed it was centrifuged at 

12,000 xg for 15 minutes at 4°C and the supernatant was discarded. The pellet was then 

slightly dried and 10μl of Elution buffer was applied to re-suspend the mRNA, this was 

then stored at -80°C until required.  

 

The concentration of the mRNA was then measured, by testing an aliquot of the total 

RNA solution and measuring the absorbance at 260nm (A260).   

 

A.10.2 RNeasy® Mini column  
When the cells reached, their desired confluence they were dissociated from the flask by 

trypsinisation (Section A.2.2) and pelleted. The supernatant was then discarded and the 

pellet re-suspended in 1.5mls of PBS, this was transferred to a fresh 2ml gamma-

irradiated tube and centrifuged at 300 xg for 5 minutes at 4ºC and the supernatant 

discarded. The cellular pellet was then placed in liquid nitrogen for a few seconds 

preparing it for the total RNA process. 
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The pellet was then thawed and 600µl of RTL buffer was added, this was passed 

through an 18-21 gauge needle (0.9mm diameter) 5X, after which 600µl of 70% ethanol 

was mixed with the lysate. Once the solutions were mixed 700µl of the mixture was 

transferred to the RNeasy mini column, which was spun at 8,000 xg for 15 seconds at 

RT. The flow was then discarded and this was repeated until the whole sample was 

transferred.  Once complete 700µl of RWI buffer was added to the RNeasy mini column 

and again centrifuged at 8,000 xg for 15 seconds at RT, with the flow being discarded.  

 

Once complete a new collection tube was then applied to the RNeasy mini column and 

500µl of RPE buffer was added. This was then centrifuged at 8,000 xg for 2 minutes at 

RT. The collection tube was then discarded and a new 1.5ml collection tube was used to 

perform the elution step.  For elution 50µl of RNase free water was added to the 

RNeasy mini column and again the column was spun at 8,000 xg for 1 minute at RT, 

this time however the flow was not discarded as this contained the total RNA. 

 

The concentration of the total RNA was then analysed, by testing an aliquot of the total 

RNA solution and measuring the absorbance at 260nm (A260).   

 

A.10.3 DNase Treatment  
Deoxyribonuclease-1 was used to DNase treat the samples.  DNase treatment removes 

any DNA contamination from an RNA sample. For every 10µl of RNA, 2µl of Dnase-1 

(RNase free) was added and 2µl of X10 reaction buffer (200mM Tris HCL with 20mM 

MgCl2. This sample was then incubated at RT for 15 minutes, then 2µl of a stop buffer 

(50mM EDTA) was added and it was heated to 70°C for 10 minutes. Once completed 

any DNA contamination was removed 

 

A.11 Reverse Transcription Polymerase Chain Reaction (RT-PCR) 

RT-PCR is divided into two stages:- 

   2.11.1 Reverse Transcription phase (RT) Utilising a Cloned AMV 

First-Strand cDNA Synthesis Kit (Invitrogen™, Paisley UK)  
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2.11.2 Polymerase chain reaction (PCR). Utilising a PCR kit (Qiagen 

distributor, West Sussex UK).  

 

A.11.1 Reverse Transcription 

RNA samples were obtained (Section A.10 or Section 5.2.4) and all components 

required for RT-PCR were placed on ice and thawed.  Once thawed 1μl of (50μM) 

Oligo (dT)20 primer was added to a 0.5ml PCR tube with 2μl of 10mM dNTP. To this a 

desired amount of RNA was added (either from the Micro-Fast Track™2.0 K or TRI-

Reagent), and then the mixture was made up to 12μl by adding DEPC-treated water, 

this was then incubated for 5 minutes at 65°C.  

 

After the incubation, a 5 Χ cDNA Synthesis Buffer was vortexed and 4μl added to the 

tube. As well as 1μl of 0.1M DTT, 1μl of (40U/μl) RNase OUT, 1μl of DEPC-treated 

water and 1μl of (15U/μl) Cloned AMV-RT was added.  The tube was then vortexed 

and incubated for 1 hour at 50°C then 5 minutes at 85°C. At the end of this procedure 

cDNA was produced. 

A.11.2 Polymerase Chain Reaction (PCR) 

Following cDNA synthesis, PCR was performed using a master-mix the component and 

amounts are shown in Table A.3. 
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Table A.3. Shows the essential components of the master mix and the quantities. 

Component added Amount per tube Amount for ten tubes 

Nuclease Free Water (varies depending 

on sample) 

(varies depending on 

sample) 

10 Χ PCR Buffer 5μl 50μl 

dNTPs (10mM) 1μl  10μl 

Taq (250units) 0.5μl  5μl 

Forward Primer  

(20pmolar) 

(Appendix A) 

0.5μl  5μl 

Reverse Primer  

(20pmolar) 

 (Appendix A) 

0.5μl  5μl 

Total 48μl 480μl 

Final Volume 50μl 500μl 

 

The master-mix was then placed into a fresh 0.5ml PCR tube and a desired amount of 

cDNA added, to make a final volume of 50µl. The mixture was then thoroughly mixed 

and placed in a PCR machine (Techne Flexigene, Cambridge UK) and the desired 

cycles run. RT-PCR was performed for MCM2, MCM5, MCM7 and β-Actin and 

primers and cycles are shown in Appendix B. 

A.11.3 Gel Electrophoresis 

Once the PCR process was completed, agarose gel electrophoresis was performed to 

identify whether the specific regions of interest had been sequenced and amplified by 

the PCR process. 

 

A 1.5 % (w/v) agarose gel in TAE (formulation Appendix B) was made and the RT-

PCR samples were prepared for loading by adding 1μl of 6X loading dye (Fisher 

Scientific, Leicestershire, UK) with 5μl of the PCR sample. In addition a 100bp/1Kda 

DNA ladder (Promega UK ltd, Southampton, UK) was loaded, alongside the samples.  

Electrophoresis was then performed at 75 - 100Volts until the sample ran to the end. 

Once electrophoresis was complete the gel was placed in 40μg/ml of ethidium bromide 
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solution, for up to 45 minutes to allow the amplified PCR products to stain.  The gel 

was then transferred to de-ionised water for 1 minute and then analysed after by being 

placed on an UV transluminator and photographed digitally using gene snap syngene 

version 4.0.  The amplified PCR region was then detected via fluorescence as the 

ethidium bromide intercalates with the DNA and then fluoresces, to indicate the 

amplified regions.  This was then displayed on a computer by gene snap syngene 

Version 4.0 and the relative brightness of the bands was assessed. 

 

The size of the products analysed are shown in table A.4 

Table A.4. Primers used and size of PCR fragments obtained. 

Target Primers codes Fragment Size 

MCM2 2F & 2R 500bp 

MCM5 5F & 5R 500bp 

MCM7 7F & 7R 407bp 

β-Actin BAA & BAS 680bp 
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Appendix B 
 
Formulations 
 
Phosphate Buffered Saline  (PBS) 
One tablet of PBS (Invitogen™, Paisley) 
Distilled Water   500mls 
 
Tris Buffered Saline (TBS) 
Firstly a 20X solution of Tris saline buffer is made 
Tris     121.1grams 
NaCl     175.3grams 
Distilled Water   1 litre     
pH 7.5  
 
Then 50ml of the 20X is diluted to 1 litre with distilled water so a 1x TBS solution is 
obtained 
 
AB Complex 
1X TBS     500ml 
Avidin     4μl 
Biotin     4μl 
 
DAB solution 
1X TBS    100ml 
Hydrogen Peroxide   200μl 
3,3-Diamino-benzine (DAB)  0.06grams 
 
Protease inhibitor and Phosphate Saline Buffer 
1X PSB    9ml 
Complete protease inhibitor  1ml 
 
Microfast track™2.0 Lysis Buffer 
Stock Buffer    1ml 
Protein/RNase degrader  20μl 
 
Chaps Lysis buffer 
1M Tris at pH8    1.000ml 
4M NaCl    1.875ml 
0.5M EDTA    100μl 
Chaps     310mg 
Complete protease inhibitor  1.000ml 
 
Add these all together and make the final dilution up to 50ml with distilled water. 
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Polyacrylamide Gel 
Resolving Gel 10% 
1.5M Tris pH 8.8   2.50ml 
30% 29:1 Bis/acrylamide  3.30ml 
10% SDS    100μl 
10% (w/v) Ammonium Persulphate 100μl 
Distilled Water   4.00ml 
TEMED    4μl 
 
4% Stacking Gel 
0.5M Tris pH7.5   1.25ml 
30% (v/v) 29:1 Bis/acrylamide 0.650ml 
10% (w/v) SDS   50μl 
10% (w/v) Ammonium Persulphate 25μl 
Distilled Water   3.05ml 
TEMED    10μl 
 
5X Loading Dye 
0.5M Tris pH 7.5   5ml 
Glycerol    5ml 
10% (w/v) SDS   10ml 
1% (v/v) Bromophenol Blue  5ml 
Distilled Water   25ml 
 
Running Buffer 
Firstly a 10X solution is produced 
Tris      30.3grams 
Glycine    144grams 
SDS     10grams  
Distilled Water   1 litre 
 
To make 1X running buffer 100mls of the 10X is diluted to make 1 litre 
 
Transfer Buffer 
Tris     2.905grams 
Glycine    1.465grams 
SDS     0.5 grams 
Methanol    100ml 
Distilled Water   500ml 
 
 
50 x TAE  
Tris base    605grams 
EDTA     36.9 grams 
Glacial Acetic acid   125mls 
RO water to     2.5 litres 
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To make 1x TAE need 200ml of 50x TAE to 10 litres of RO water 
 
Protease Inhibitor Cocktail  
4-(2-Aminoethyl)-benzenesulfonyl fluoride hydrochloride (AEBSF)    40mg 
Leupeptin             100MCG 
Pepstatin A             100MCG 
Ethylenediamine tetraacteic acid disodium salt dihydrate (EDTA-Na2)  500mg  
 
Equipment 

Platform Shaker STR6 (Stuart Scientific, Surrey UK) 
Universal Water bath (Grant,  Cambridge UK) 
WPA Lightwave UV/VIS Diode array Spectrophotometer version 1.5 (WPA, 
Cambridge UK) 
CO2 Incubator (Jencons-PLS, Leight-Buzzzard UK) 
Microflow bio Safe cabinet (Bioquell, Hanys UK) 
C-28 Cytospin (Boeco, Hamburg Germany) 
PK 131 R multispeed refrigerated centrifuge (ALC, Porta Italy) 
Techne genius PCR (Techne, Cambridge UK) 
Hoefer miniVE vertical electrophoresis system (Amersham Pharmacia bioteck, 
Buckinghamshire UK)  
Hoefer TE77 Semi dry transfer units (Amersham Pharmacia bioteck, Buckinghamshire 
UK)  
BA Jouan Centrifuge (DJB Labcare, Buckingham UK) 
Balance Oertling HC22 (Oertling, Yorkshire UK) 
Vortex genie 2 (Fisher Scientific, Leicestershire UK) 
UV Transluminator Gene genius Bio-imaging systems (Syngene, Cambridge UK) 
 
Primer Design 

MCM2, 5 and 7 primers were identified and produced by reading the cDNA sequence 

of the MCMs of interest, these were produced and supplied by Simone Degan while the 

β-Actin primers were supplied by Tracey Bailey. 

 
Forward Primer MCM2 2F: 5’-TAT- GTC- CAG- CGG- CAC- CCT- GTC-A-3’ 
Reverse Primer MCM2 2R: 5’-GGT- GGA- CCC- TCT- CCT- TGG- CGT- A-3’ 

 
Forward Primer MCM5 5F: 5’-ATC-GCC-AAG-GCT-GGG-ATC-ACC-A-3’ 
Reverse Primer MCM5 5R: 5’-CCG-CAG-GGC-CTC-CTC-CAC-A-3’ 

 
Forward Primer MCM7 7F: 5’-TCC-CAG-CCC-CAA-GGG-TCT-AGG-A-3’ 
Reverse Primer MCM7 7R: 5’-GGT-GGA-CTG-TGG-CCG-GCC-AA-3’ 
 
Forward Primer β-Actin BAA: 5’- TCA-CGG-GGT-CAC-CCA-CAC-TGT-3’ 
Reverse Primer β-Actin  BAS: 5’- CTA–GAA–GCA–TTT–GCG–GTG-GAC-3’ 
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PCR cycle for MCM2, 5, 7. 

Initiate denaturation 95°C for 2 minutes 
NO HOT START 
35 Cycles of:  94°C for 1 minute 
  61°C for 1 minute 
  72°C for 2 minutes 
1 Cycle of:  94°C for 1 minute 
  61°C for 1 minute 
FINAL EXTENSION 72°c for 5 minutes 
 
PCR cycle for β-Actin. 

Initiate denaturation 95°C for 4 minutes 
NO HOT START 
35 Cycles of:  94°C for 45 seconds 
  54°C for 30 seconds 
  72°C for 1.30 minutes 
1 Cycle of:  94°C for 45 seconds 
  54°C for 30 seconds 
FINAL EXTENSION 72°c for 5 minutes 
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Appendix C 
 

 
 

NCL H23 

OE21 

OE33 

A    B      C         D 

A    B      C         D 

A    B      C         D 

 

 

Figure c.1. ICC results for three cell lines tested using antibodies to PSA.  A = Negative 
Control, No Monoclonal Antibodies to PSA appied, B = Positive Control, Monoclonal 
Antibodies to PSA applied, C = Negative Control, No Polyclonal Antibodies to PSA applied, D 
= Positive Control, Polyclonal Antibodies to PSA applied. No positive staining visualised as no 
brown precipitation. Magnification x400 
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Table c.1. Cellular proliferation rates for six different human cell lines cultured in 2x 
12 well plates with normal medium over a maximum of 12 days.  The starting seeding 
density was 2x104 and 2 wells from the 12 well plate were trypsinised and counted for 
each cell line every 2 days.  All cell numbers recorded on the table are to x104 .  

 
 2 Days 4 Days  

Cell No. Well 1 Well 2 Mean Well 1 Well 2 Mean 
OE21 2.6 4.4 3.5 5.9 4.8 5.4 
PNT1A 3.6 3.2 3.4 4.8 4.1 4.5 
PC-3 3.8 5.6 4.7 6.2 3.9 5.1 
RT112 6.6 3.8 5.2 5.1 5.9 5.5 
CaCO2 2.6 2.8 2.7 6.5 4.4 5.5 
PE/PJ41 2.6 3.4 3 7.4 3.6 5.5 

 6 Days 8 Days  
Cell No. Well 1 Well 2 Mean Well 1 Well 2 Mean 
OE21 24.5 16.6 20.1 41.6 36.6 59.9 
PNT1A 9.2 8.9 9.1 12.6 12 12.3 
PC-3 11.7 9.3 10.5 25.6 26 25.8 
RT112 37.5 42.1 39.8 45.6 57 51.3 
CaCO2 5.4 8 6.7 41.1 49.9 45.5 
PE/PJ41 7.4 8.4 7.9 29.3 29.5 29.4 

 10 Days 12 Days  
Cell No. Well 1 Well 2 Mean Well 1 Well 2 Mean 
OE21 60.6 70.1 65.5    
PNT1A 29 29.8 29.4 31.1 41.6 36.4 
PC-3 57.1 59.3 58.2 60 63.5 61.8 
RT112 161 165 163    
CaCO2 41.2 47.2 44.2    
PE/PJ41 31.1 41.3 36.2 45 50.5 47.8 

 

Table c.2. Mean proliferation rates for the six human cell lines cultured in 12 well 
plates in normal medium for a maximum of 12 days.  All cell numbers recorded in 
the table are to x104.    

 

    Days  
Cell line 0 2 4 6 8 10 12 
OE21 2 3.5 5.4 20.1 59.9 65.5  
PNT1A 2 3.4 4.5 9.1 12.3 29.4 36.4 
PC-3 2 4.7 5.1 10.5 25.8 58.2 61.8 
RT112 2 5.2 5.5 39.8 51.3 163  
CaCO2 2 2.7 5.5 6.7 45.5 44.2  
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Cell  Line 
 

Cell Lysate 
 

Media 
(No FCS) 

24 
hours 

48 
hours 

72 
hours 

PNT1A 0.0470 0.042 0.0500 0.0490 0.0500 
PC-3 0.0520 0.060 0.0510 0.0480 0.0480 
OE21 0.0540 0.042 0.0480 0.0510 0.0530 
CaCO2 0.0540 0.060 0.0520 0.0480 0.0550 
RT112 0.0540 0.060 0.0560 0.0450 0.0520 
PE/PJ41 0.0500 0.060 0.0520 0.0580 0.0520 
        

Table c.3. PSA ELISA results obtained for the six human cell lines.  
Absorbency reading obtained for: 
Cell Lysate = protein extraction from cells (4mg/ml of protein lysate loaded for 
each sample).  
Media = Absorbency reading for FCS free medium not grown with cells.  
24 hours= Medium sample collected and concentrated after 24 hours growth with 

cells in FCS free media.  
48 hours  = Medium sample collected and concentrated after 48 hours growth with 
cells in FCS free media.  
72 hours = Medium sample collected and concentrated after 72 hours growth with 
cells in FCS free media.  
Standard Conc.= Standard PSA concentration ng/ml,  
Standard Reading = Stardards absorbancy reading obtained for the different PSA 
standards 

Absorbency Reading Obtained for PSA ELISA (nm) 

 
Standard 

Conc. 
Standard  
Reading 

0.0 0.052 
1.0 0.119 
2.5 0.176 
5.0 0.400 

10.0 0.492 
25.0 0.933 
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Appendix E 
 
 
 

Ethical Approval and Trust Approval 
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1A          1B 

2A          2B 

3A           3B 

4A        4B

 5A            5B 

6A            6B 

 
 

Figure e.1 IHC optimisation using paraffin embedded PC-3 cell lines and different antigen 
retrieval. A= Negative control, No antibodies applied B= Positive control, antibodies applied 
1= 5min boil/ 5min rest, 2= 10min boil/ 10min rest, 3= 15min boil/15min rest, 4= 20min boil/ 
20min rest, 5= 25minboil/ 25min rest, 6= 30min boil/ 35min rest. 
Antibodies to MCM5 applied. Brown precipitate indicates positive cells. Magnification X400. 

 



 
 

Table e.1 Scores given to different noeplastic patients for IHC, using antibodies to MCM2, 5, 
7 and PSA.  The staining criterion used is shown in Table 4.1, ID No. = indicates individual 
patients and Score = indicates the Gleason score given by the consultant histopathologist.  

ID No. Score MCM2 MCM5 MCM7 PSA 
A12 4 0+ 1+ 1+ 3+ 
A6 5 0+ 1+ 1+ 3+ 

A14 5 0+ 1+ 1+ 3+ 
A15 5 0+ 2+ 0+ 3+ 
A17 5 0+ 1+ 1+ 3+ 
A4 6 0+ 2+ 1+ 3+ 
A5 6 1+ 2+ 1+ 3+ 

A10 6 0+ 2+ 1+ 3+ 
A22 6 1+ 2+ 2+ 3+ 
12 6 0- 0+ 0- 3+ 
45 6 0- 1+ 2+ 3+ 
13 6 0+ 1+ 1+ 3+ 
15 6 0+ 1+ 1+ 3+ 
49 6 0- 2+ 1+ 3+ 
23 7 1+ 2+ 1+ 3+ 
3 7 1+ 1+ 1+ 3+ 
53 7 0+ 1+ 1+ 3+ 
33 7 1+ 2+ 1+ 3+ 
A2 7 0+ 2+ 1+ 3+ 
51 8 0- 2+ 1+ 3+ 

105 8 0+ 1+ 1+ 3+ 
A9 8 0+ 1+ 1+ 3+ 

A19 8 1+ 2+ 1+ 3+ 
A20 8 0+ 2+ 1+ 2+ 
A21 8 0+ 1+ 1+ 1+ 
A23 8 1+ 2+ 2+ 3+ 
5w 9 1+ 2+ 1+ 3+ 
4 9 1+ 2+ 2+ 3+ 
25 9 1+ 2+ 2+ 3+ 
2w 9 1+ 2+ 3+ 3+ 
93 9 1+ 2+ 2+ 3+ 
A1 9 1+ 2+ 1+ 3+ 
A3 9 0+ 2+ 2+ 3+ 

A11 9 1+ 2+ 2+ 3+ 
A16 9 1+ 3+ 2+ 3+ 
A18 9 1+ 1+ 1+ 3+ 
50 10 2+ 2+ 3+ 2+ 
18 10 1+ 1+ 2+ 3+ 
74 10 2+ 3+ 3+ 1+ 
A7 10 1+ 2+ 2+ 2+ 
A8 10 1+ 2+ 2+ 2+ 

A13 10 0+ 2+ 2+ 2+ 
 
 

 



 
 
 
 

Table e.2 Score given to the different patients with BPH using IHC for 
antibodies to MCM2, 5, 7 and PSA.  The staining criterion used is shown in 
Table 4.1 and the ID No. = indicates individual patients. 

3w 0- 0- 0- 3+ 
1 0- 0- 0- 2+ 
2 0- 0- 0- 3+ 
7 0- 0- 0- 3+ 
8 0- 0- 0- 3+ 
14 0- 0- 0- 3+ 
19 0- 0- 0- 3+ 
21 0- 0- 0- 3+ 
22 0- 0- 0- 3+ 
24 0- 0+ 0- 3+ 
26 0- 0+ 0- 3+ 
28 0- 0+ 0- 3+ 
32 0- 0+ 0- 3+ 
35 0- 0- 0- 3+ 
31 0- 0- 0- 3+ 
41 0- 0- 0- 3+ 
43 0- 0- 0- 3+ 
42 0- 0- 0- 3+ 
37 0- 0- 0- 3+ 
39 0- 0- 0- 3+ 
48 0- 0- 0- 3+ 
52 0- 0- 0- 3+ 
73 0+ 0+ 0- 3+ 

103 0- 0- 0- 3+ 
61 0- 0+ 0+ 3+ 
34 0- 0+ 0+ 3+ 
47 0- 0+ 0+ 3+ 

101 0- 0+ 0+ 3+ 
114 0- 0+ 0+ 3+ 
112 0- 0+ 0+ 3+ 
123 0+ 0+ 0+ 3+ 
115 0- 0- 0+ 3+ 
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