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Chapter 2: Materials and Methods 
 

2.1 Materials 
 
2.1.1 Consumables 

 
1.5ml Microcentrifuge tubes 
Fisher Scientific 

Loughborough, Leicestershire, UK      Prod. 7umber FB55-467 

 
7ml EDTA vacutainer® tubes 
Southern Syringe Services 

Enfield, Middlesex, UK                Prod. 7umber 367873 

  
7ml Serum vacutainer® tubes 
Southern Syringe Services 

Enfield, Middlesex, UK                 Prod. 7umber 367954 

 
15ml Centrifuge tubes 
Fisher Scientific 

Loughborough, Leicestershire, UK                      Prod. 7umber E1415-0200 

 
24-well tissue culture plates 
Fisher Scientific 

Loughborough, Leicestershire, UK         Prod. 7umber TKT-520-100B 

 

25cm3 Tissue Culture Flasks  
Fisher Scientific 

Loughborough, Leicestershire, UK         Prod. 7umber TKT-130-050P 

 

96-well black-sided clear-bottomed plates 
Fisher Scientific 

Loughborough, Leicestershire, UK            Prod. 7umber DPS-130-020K 

 

96-well ELISA plates 
Iwaki 

Tokyo, Japan          Prod. 7umber 3801-096 

 

96-well optical reaction plate 
Applied Biosystems 

California, USA              Prod. 7umber 4306737 

 

96-well V-bottom plates 
Fisher Scientific 

Loughborough, Leicestershire, UK       Prod. 7umber FB56424 

 

BD Eclipse Blood Collection Needle, 21g 
Southern Syringe Services 

Enfield, Middlesex, UK           Prod. 7umber 368609 
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BD vacutainer one use holder 
Southern Syringe Services 

Enfield, Middlesex, UK           Prod. 7umber 364815 

 

 

2.1.2 Blood Processing 

 

Dulbeccos Phosphate Buffered Saline (DPBS) 
Cambrex Corporation 

Iowa, USA                 Prod. 7umber BE17-513F 

 

Foetal Bovine Serum (FBS) 
Cambrex Corporation 

Iowa, USA           Prod. 7umber 14-801F 

 

Histopaque 1077 
Sigma 

Gillingham, Dorset, UK            Prod. 7umber 10771-6X100 

 

Lysing solution (10X) 
BD Biosciences 

Oxford, UK                        Prod. 7umber 349202 

 

 

2.1.3 Cell Culture 

 

Jurkat E6.1 Cells 
ECACC – Obtained through Sigma 

Gillingham, Dorset, UK       Prod. 7umber 88042803 

 

RPMI 1640 Media 
Cambrex Corporation  

Iowa, USA                            Prod. 7umber BE12-702F 

 

Foetal Bovine Serum (FBS) 
Cambrex Corporation 

Iowa, USA           Prod. 7umber 14-801F 

 

2.1.4 Cell Viability Assays 

 

Annexin V-FITC conjugate 
BD Biosciences 

Oxford, UK                  Prod. 7umber 556420 

 

Caspase-3 Rh110 Assay Kit 
Anaspec 

California, USA                                                  Prod. 7umber 71141 
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Propidium Iodide 
Sigma 

Gillingham, Dorset, UK             Prod. 7umber P4170 

(The powder was reconstituted in sterile DPBS and stored as a 100µg/ml stock 

solution at -20˚C) 

 

Trypan Blue (0.4% in DPBS) 
Sigma 

Gillingham, Dorset, UK             Prod. 7umber T8154 

 
2.1.5 Membrane Fluidising Agents and Cholesterol Sequestering Agents 

 

Benzyl Alcohol 
Sigma 

Gillingham, Dorset, UK              Prod. 7umber 305197 

 
Bupivacaine Hydrochloride 
Sigma 

Gillingham, Dorset, UK                     Prod. 7umber B5274 
 
Ethanol 
VWR International 

Poole, UK               Prod. 7umber 10107 

 
Phenethyl Alcohol 
SAFC Supply Solutions 

St Lois, Missouri, USA             Prod. 7umber W28,581-1-K 

 
Methyl-β-Cyclodextrin 
Sigma 

Gillingham, Dorset, UK            Prod. 7umber C4555 

 
2.1.6 Chemotherapeutic Agents 

 

Cyclophosphamide 
Baxter Healthcare Ltd 

Thetford, 7orfolk, UK             Prod. 7umber MA01160388 

(The powder was reconstituted in 0.9% w/v physiological saline and stored at 4˚C as 

a stock solution of 20mg/ml) 

 
Doxorubicin 
Calbiochem (Merck) 

7ottingham, UK                  Prod. 7umber 324380 

(The powder was dissolved in sterile distilled water and stored as a 5mg/ml stock 

solution at 4˚C) 
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Lovastatin 
Calbiochem (Merck) 

7ottingham, UK                  Prod. 7umber 438185 

(This was reconstituted in 95% ethanol and stored as a 10mM stock solution at -

20˚C) 

 
Tumour Necrosis Factor-Related Apoptosis Inducing Ligand (TRAIL) 
Peprotech EC 

London, UK                     Prod. 7umber 310-04 

 

2.1.7 Flow Cytometry 

 

Cell Fix and Perm Solution 
BD Biosciences 

Oxford, UK             Prod. 7umber 554722 

 

Anti-human CD4-PE-Cy7 conjugated mouse monoclonal antibody 
BD Biosciences 

Oxford, UK             Prod. 7umber 557852 

 
Anti-human CD5-APC conjugated mouse monoclonal antibody 
BD Biosciences 
Oxford, UK                         Prod. 7umber 555355 
 

Anti-human CD14-PE-Cy7 conjugated mouse monoclonal antibody 

BD Biosciences 

Oxford, UK             Prod. 7umber 557742 

 

Anti-human CD15-APC conjugated mouse monoclonal antibody 

BD Biosciences 

Oxford, UK                        Prod. 7umber 551376 

 

Anti-human CD19-PE conjugated mouse monoclonal antibody 

BD Biosciences 

Oxford, UK             Prod. 7umber 555413 

 

Anti-human CD25-PE conjugated mouse monoclonal antibody 
BD Biosciences 

Oxford, UK             Prod. 7umber 555432 

 

Anti-human CD34-Perp-Cy5 conjugated mouse monoclonal antibody 
BD Biosciences 

Oxford, UK              Prod 7umber 555823 

 

Anti-human Active Caspase-3-FITC conjugated rabbit monoclonal antibody 
BD Biosciences 

Oxford, UK             Prod. 7umber 559341 
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Anti-human DR4-PE conjugated antibody 
eBioscience 

Hatfield, UK                  Prod. 7umber 12-6644-71 

 
Anti-human DR5-PE conjugated antibody 
eBioscience 

Hatfield, UK                 Prod. 7umber 12-9908-71 

 
Anti-human Hsp27-FITC conjugated mouse monoclonal antibody 

Cambridge Bioscience 

Cambridge, UK              Prod. 7umber SPA-800FIE 

 
Anti-human Hsp60-PE-conjugated mouse monoclonal antibody 
Cambridge Bioscience 

Cmabridge, UK                Prod. 7umber SPA-807PE 

 
Anti-human Hsp72-FITC-conjugated mouse monoclonal antibody 
Cambridge Bioscience 

Cambridge, UK              Prod. 7umber SPA-810FIH 

 

Anti-human Hsp90-PE conjugated mouse monoclonal antibody 

Cambridge Bioscience 

Cambridge, UK             Prod. 7umber SPA-830PEE 

 

Anti-human FoxP3-Alexa Fluor 488 conjugated mouse monoclonal antibody 
BD Biosciences 

Oxford, UK             Prod. 7umber 560047 

 
Anti-human TKD-FITC conjugated mouse monoclonal antibody 

Multimmune Ltd 

Munchen, Germany                 Prod. 7umber cmHsp70.1 

 

Anti-human ZAP-70-PE-Cy5 conjugated mouse monoclonal antibody 
eBioscience 

Hatfield, UK                 Prod. 7umber 35-6695-81 

 

Anti-human Active Caspase-3 
BD Biosciences 

Oxford, UK             Prod. 7umber 559341 

 

Isotype Control IgG1-FITC (mouse) 
DAKO 

Glostrup, Denmark             Prod. 7umber X0927 
 
Isotype Control IgG1-R-PE (mouse) 
DAKO 

Glostrup, Denmark             Prod. 7umber X0928 
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Isotype Control IgG-FITC (rabbit) 
eBioscience 

Hatfield, UK            Prod. 7umber 11-4614 

 

2.1.8 Western Blotting 

 

2.1.8.1 Buffers and Solutions 

 

The following buffers were produced in house: 

 

0.5M Tris-Hcl pH 6.8 

Tris base 
(Acros Organics, Prod. 7umber 140500010) 

3.0g 

dH20 50ml 

Adjust to pH 6.8 
 
1.5M Tris-Hcl pH 8.8 

Tris base 
(Acros Organics, Prod. 7umber 140500010) 

18.5g 

dH20 100ml 

pH 8.8 with 1M HCl 
 
10% Sodium Dodecyl Sulphate (SDS)  

SDS 
(VWR International, Prod. 7umber 442444H) 

10g 

dH20 100ml 

 

Acrylamide-bis 

Acrylamide 
(VWR International, Prod. 7umber 442994J) 

30g 

N’N’ Bismethylene Acrylamide 
(Fisons Scientific Equipment, Prod 7umber M/P210/48) 

0.8g 

dH20 100ml 

 
Antibody Diluent 

Bovine Serum Albumin (BSA) 
(Sigma, Prod 7umber A7906) 

2g 

Tris buffered saline + Tween 20 (TTBS) 
(in house) 

200ml 

 

Blocking Solution 

Bovine Serum Albumin (BSA) 
(Sigma, Prod 7umber A7906) 

1g 

Tris buffered saline (TBS) 
(in house) 

100ml 
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Cell Extraction buffer 

Tris base 
(Acros Organics, Prod. 7umber 140500010) 

3.152g 

EDTA 
(Sigma Prod. 7umber E-6758) 

0.037g 

DL Dithiothreitol 
(Sigma, Prod. 7umber  D0632) 

 
Made up to 1L in 

dH20 & adjusted 

to pH 7.4 

 0.1g 

Phenyl methyl sulfonyl fluoride (PMSF) 
(Sigma, Prod. 7umber P7626) 

 0.3484g 

ε-amino-n-caproic acid 
(Sigma, Prod. 7umber A7824) 

 0.6560g 

Benzamidine 
(Sigma, Prod. 7umber B-6506) 

 0.1566g 

Triton X 100 
(Sigma, Prod. 7umber T9284) 

 0.1% 

 

Electrode Running Buffer (1X)  

Tris base 
(Acros Organics, Prod. 7umber 140500010) 

5.4g 

Glycine 
(VWR International, Prod. 7umber 101196X) 

25.92ml 

10% SDS solution 
(In house) 

9ml 

dH20 900ml 

 
SDS sample buffer 

dH20 9.1ml 

0.5M Tris-Hcl pH 6.8 (In house) 2ml 

Sucrose 
(VWR International, Prod 7umber 102744B) 

2.4g 

10% SDS solution 
(In house) 

2ml 

β-mercaptoethanol 
(Fisher Scientific, Prod. 7umber M/P200/05) 

0.2ml 

0.05% Bromophenol Blue 
(In house) 

0.4ml 

 
Tris Buffered Saline (TBS) 

Tris base 
(Acros Organics, Prod. 7number 140500010) 

2.42g 

Sodium Chloride 
(Fisher Scientific Prod. 7umber S/3105/70) 

29.22g 

dH20 750ml 

Adjust to pH 7.5  
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Tris Buffered Saline (TBS) + Tween 20 (TTBS) 

TBS (In house) 500ml 

Tween 20 (Sigma, Prod. 7umber P1379) 0.25ml 

 

Transfer Buffer 

Tris base 
(Acros Organics, Prod. 7umber 140500010) 

3.03g 

Glycine 
(VWR International, Prod. 7umber 101196X) 

14.4g 

Methanol 
(Fisher Chemicals, Prod. 7umber M/4000/15) 

200ml 

Make up to 1L in dH20 
 

2.1.8.2. Western Blotting Reagents 

 

10% Ammonium Persulphate 
BioRad 

Hemel Hempstead, Hertfordshire, UK                 Prod. 7umber 161-0700 

(The powder was diluted to 10% in distilled water) 

 
0.05% Bromophenol Blue 
Fisons Scientific Equipment 

Loughborough, Leicestershire, UK     Prod. 7umber B/4630/44 

(The powder was diluted to 0.05% in distilled water) 

 
β-Mercaptoethanol 
Fisher Scientific 

Loughborough, Leicestershire, UK                                       Prod. 7umber M/P200/05 

 
Anti-mouse IgG HRP-conjugate  
Sigma 

Gillingham, Dorest, UK                Prod. 7umber A-5278 

 

Biotinylated anti-human Hsp72 
Bioquote 

York, UK                 Prod. 7umber SPA-810BF 

 

Chemilluminescence Super Signal West Pico Trial Kit 
Thermo Scientific 

Loughborough, Leicestershire, UK            Prod. 7umber 34080 

 
Coomassie Reagent for Protein Assay 
Pierce, Thermo Scientific 

Loughborough, Leicestershire, UK            Prod. 7umber 23238 

 

Extravidin-HRP 
Sigma, 

Gillingham, Dorest, UK             Prod. 7umber E2886 
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Mouse Monoclonal Anti-human Hsp72 raised against Bovine Hsp72 (Sigma, H-9776) 
Purified in House 

 

Pre-stained molecular weight marker 
Biorad 

Hemel Hempstead, Hertfordshire, UK   Prod. 7umber 161-0374 

 
rHsp72 protein 
Stressmarq 

Victoria, Canada          Prod. 7umber SPR-103 

 

2.1.8.3. Western Blotting Gels 

 

Resolving gel (1.5M Tris-Hcl gel) 

dH20 12.1ml 

1.5M Tris-Hcl pH 8.8 7.5ml 

10% SDS 0.3ml 

Acrylamide-Bis 0.01ml 

10% Ammonium Persulphate 0.1ml 

TEMED 0.015ml 

 

Stacking gel (0.5M Tris-Hcl gel) 

dH20 6.3ml 

0.5M Tris-Hcl pH 8.8 2.5ml 

10% SDS 0.1ml 

Acrylamide-Bis 1ml 

10% Ammonium Persulphate 0.1ml 

TEMED 0.01ml 

 
2.1.9 Hsp72 ELISA 

 
2.1.9.1 Antibodies and Proteins 

 
Sheep polyclonal affinity purified anti-Hsp72 (Hsp72-DEG-EI) raised against a 
sequence from HSPA1A 
Purified in House 

The antibody was diluted to 2µg/ml in 0.1M sodium bicarbonate buffer pH 9.6 
 
rHsp72 protein 
Stressmarq 

Vicotria, Canada          Prod. 7umber SPR-103 

 

Mouse monoclonal anti-human Hsp72 raised against bovine Hsp72 (H-9776 Sigma-
Aldrich Ltd) which is specific for Hsp72. 
A kind gift from Dr Torsten 7ygard 

Faculty of Agricultural Sciences, Aarhus University, Denmark 

(The antibody was diluted in 0.5% BSA in PBS) 
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Anti-mouse IgG HRP-conjugate (The antibody was diluted in 0.5% BSA made up in 

ELISA wash buffer) 
Sigma 

Gillingam, Dorset, UK           Prod. 7umber A-5278 

 

2.1.9.2 Buffers and Solutions 

 
0.1M Sodium Bicarbonate Buffer 

Sodium Carbonate 
(Fisher Chemicals, Prod. 7umber S/2840/62) 

10.6g 

Sodium Bicarbonate 
(Sigma, Prod. 7umber S-4019) 

8.4g 

Make up to 1L in dH20 and adjust to pH 9.6 
 
0.5% BSA (blocking solution) 

Bovine Serum Albumin (BSA) 
(Sigma, Prod. 7umber A7906) 

0.5g 

PBS (In house) 100ml 

 
ELISA Wash Buffer (5X concentrated) 

Sodium Chloride 
(Fisher Scientific Prod. 7umber S/3105/70) 

200g 

Potassium Chloride 
(VWR International, Prod. 7umber P5405) 

5g 

Potassium dihydrogen orthophosphate 
(VWR International, Prod. 7umber 102034) 

6g 

Sodium dihydrogen orthophosphate 
(VWR International, Prod. 7umber 10245) 

36g 

Tween 20 
(Sigma, Prod. 7umber P1379) 

12.5ml 

Make up to 5L in dH20 
 
Phosphate Buffered Saline (PBS) 

Sodium Chloride 
(Fisher Scientific Prod. 7umber S/3105/70) 

8g 

Potassium Chloride 
(VWR International, Prod. 7umber P5405) 

0.2g 

Potassium dihydrogen orthophosphate 
(VWR International, Prod. 7umber 102034) 

0.24g 

Sodium dihydrogen orthophosphate 
(VWR International, Prod. 7umber 10245) 

1.44g 

Make up to 1L in dH20 and adjust to pH 7.2 
 
TMB Substrate Solution 
Cheshire Sciences 

Alford, Chester, UK       Prod. 7umber Up664781 

 
Orthophosphoric Acid 
In House 
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2.1.10 Fluorescence Microscopy 

 
Anti-human DR4-PE conjugated antibody 
eBioscience 

Hatfield, UK                 Prod. 7umber 12-6644-71 

 
Anti-human DR5-PE conjugated antibody 
eBioscience 

Hatfield, UK                 Prod. 7umber 12-9908-71 

 
37% Formaldehyde 
Sigma 

Gillingham, Dorect, UK           Prod. 7umber 533998 

(Diluted to 3.7% Formaldehyde in DPBS) 

 
Hoechst 33342 Stain 
Sigma 

Gillingham, Dorest, UK          

(Powder was diluted to 100mM in dH20, then further diluted to 5µM and then 50nM 

in RPMI media) 
 
Prolong Gold Anti-fade reagent with DAPI 
Invitrogen 

Paisley, UK             Prod. 7umber P36935 

 
2.1.11 Real-time PCR 

 
Diethyl pyrocarbonate (DEPC) 
Sigma 

Gillingham, Dorest, UK            Prod. 7umber D5758 

(0.1% DEPC is made up in dH20, left overnight in a fume cupboard and autoclaved to 

produce DEPC-treated water) 

 
Hsp72 primer 
Applera – Applied Biosystems 

California, USA          Prod. 7umber Hs00359163-s1 

 
18s Primer 
Applera – Applied Biosystems 

California, USA             Prod. 7umber 4319413E 

 
PCR master mix 
Applera – Applied Biosystems 

California, USA          Prod. 7umber 4324018 

 
Pd(N)6 random primers 
GE Healthcare 

Chalfont St Giles, Buckinghamshire, UK             Prod. 7umber 27-2166-01 
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QuickExtract DNA extraction solution 
Epicentre 

Madison, Wisconsin, USA       Prod. 7umber QE09050 

  
Quick Prep mRNA extraction kit 
GE Healthcare 

Chalford St Giles, Buckinghamshire, UK             Prod. 7umber 27-9255-01  
 
Ready to go you first prime beads 
GE Healthcare 

Chalford St Giles, Buckinghamshire, UK             Prod. 7umber 27-9264-01  

 
2.1.12 Equipment 

 

Bio-Tek Synergy HT plate reader 
Bio-Tek® Instruments Inc. 

Vermont, USA 

 

Centrifuge 
Sigma 

Harz, Germany             Prod. 7umber, D37520 

 

Ultrawash Plus Plate washer 
Dynex Technologies 

Worthing, West Sussex, UK             Prod. 7umber 1UWA-2185 

 

FACSCanto Double Laser Flow Cytometer 
Becton Dickinson, 

Oxford, UK 

 

Haemocytometer 
Sigma 

Gillingham, Dorest, UK 

 
Fluorescence Microscope – Inverted TE2000-U Microscope System 
7ikon Corporation Ltd. 

Kingston upon Thames, Surrey, UK 

Eclipse TE2000-U Basic Unit                           Prod. 7umber MEA51010 

Eposcopic Fluorescence Attachment (Hg)   Prod. 7umber MEE54000 

CFI Plan Fluor ELWD Objectives              Prod 7umbers MRH38220 

                               MRH38420 

                               MRH18620 

Hamamatsu Orca – 285 Digital CCD Camera           Prod. 7umber 1HMOC285 

Coolpix Digital Colour Camera               Prod. 7umber 85400RUK 

IP LAB Suite Software     Prod. 7umber 1SCSUITE 

 
Real-Time PCR Machine - RTPCR 7700 
Applied Biosystems 

California USA 



Chapter 2: Materials and Methods 

45 

2.2. Methods 

 

2.2.1. Blood Collection and Processing 

Local research ethics committee approval (COREC - 05/QI506/103) was obtained for 

this study, and consent forms were completed by each patient. Venous blood samples 

were collected from patients affected by MDS, AML and CLL. Venous blood from 

normal age matched control subjects and patients in complete remission was also 

obtained. Blood was collected by venepuncture in 7ml EDTA tubes or 7ml Serum 

tubes (both Southern Syringe Services). 

 

2.2.1.1 Total Leukocyte Isolation 

The whole blood was washed with two volumes of DPBS (Cambrex) and centrifuged 

at 500g for 5 minutes at room temperature (RT). The supernatant was discarded and 

the red blood cells were lysed using 1x lysing buffer (BD Biosciences). The lysed 

whole blood was centrifuged at 500g for 5 minutes at RT and the supernatant 

discarded. The cell pellet was washed with DPBS and the cells were counted using 

the Trypan Blue (Sigma) exclusion method on a haemocytometer (Sigma). The 

experiments were performed when the percentage of dead cells was <1%. 

Concentration of the viable cells was adjusted to 3x105 cells/well and the cells were 

centrifuged at 500xg for 5 minutes at RT. Supernatant was discarded and cells were 

washed with binding buffer (10% FBS in DPBS). The remaining cell pellet was used 

to perform the flow cytometry analysis. 

 

2.2.1.2 PBMC Purification 

Blood was collected by venepuncture in 7ml EDTA tubes. The blood was then added 

to an equal volume of DPBS before addition of an equal volume of Histopaque 

(Sigma) to the bottom of the tube. The blood was then centrifuged at 400g for 30 

minutes at RT. The plasma was discarded and the buffy coat added to 10ml of DPBS. 

After centrifugation at 250g for 10 minutes, the supernatant was discarded and the cell 

pellet was washed twice in 5ml of DPBS. The cell pellet was resupended in 1000µl of 

DPBS and the cells were counted using the Trypan Blue exclusion method on a 

haemocytometer. The cells were centrifuged at 200g for 3 minutes before being 

frozen at -80˚C pending western blot analysis 
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2.2.2 Cell Culture 

Jurkat E6.1 cells were cultured in 25cm2 plastic tissue culture vented flasks using 

RPMI media supplemented with 10% foetal bovine serum (FBS). Cells were 

maintained at 37°C in humidified environment of 5% CO2 in air. The cells were 

routinely split to maintain a cell density of approximately 3x105 cells/ml. 

 

Before treatments, three 100µl aliquots of cells were transferred from the 25cm2 flask 

to microcentrifuge tubes and a 100µl volume of 4% trypan blue stain was added to 

each tube. Cells with a damaged membrane take up the trypan blue stain, allowing 

non-viable cells to be excluded from a viable cell count. The cell/trypan blue mix was 

then placed on a haemocytometer and viewed under a microscope. The number of 

viable cells was counted. This was repeated three times and an average taken. From 

this count, the number of cells in 1ml of RPMI was determined.  

 

2.2.3 Flow Cytometry 

2.2.3.1 Identification of Leukocyte Populations 

Flow Cytometry was performed on a FACSCanto double laser flow cytometer 

(Becton Dickinson) and results were analysed using FACSDiva Software (Becton 

Dickinson). 

 

The cell pellets from lysed whole blood were labelled with antibodies to CD markers 

to identify specific leukocyte populations (all BD Biosciences). For CLL patients, 

cells were double stained with a 4µl volume of PE-conjugated anti-human CD19 and 

APC-conjugated anti-human CD5 to identify malignant cells. Neutrophils, monocytes 

and total lymphocytes in CLL samples were identified using FSC/SSC. For control 

subjects, a 4µl volume of APC-conjugated anti-human CD15 and a 1µl of PE/Cy7-

conjugated anti-human CD14 was added to the cell pellet to identify neutrophils and 

monocytes respectively. Lymphocytes in control samples were identified using 

FSC/SSC. For AML/MDS patients, a 4µl of PE/Cy5.5-conjugated anti-human CD34 

was also used in combination to the antibodies to, CD14 and CD15 to identify stem 

cell precursors in the peripheral blood. 
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2.2.3.2 Caspase-3 Analysis 

For Leukocytes: The cell pellet from whole blood was first labelled with surface CD 

markers (section 2.2.3.1) to identify the individual leukocyte populations as described 

earlier. Cells were incubated with these markers for 30 minutes at 4°C. The unbound 

antibody was then washed with binding buffer as previously described, and the cells 

were fixed and permeabilised with Fix/Perm solution (BD Bioscience) for 20 minutes 

at 4°C. Cells were washed again with binding buffer before addition of 6.7µl/well of a 

rabbit monoclonal anti-active-caspase-3-FITC conjugated antibody (BD Bioscience). 

The cells were incubated for 60 minutes at 4°C. The unbound antibody was then 

washed away with binding buffer and the cells analysed on the flow cytometer 

(FACScanto double laser, Becton Dickinson).  

For Jurkat Cells: Following treatment, the cell pellet was washed with binding buffer 

before being fixed and permeabilised with Fix/Perm solution for 20 minutes at 4°C. 

Cells were washed again with binding buffer before addition of 6.7µl/well of a rabbit 

monoclonal anti-active-caspase-3-FITC conjugated antibody. The cells were 

incubated for 60 minutes at 4°C. The unbound antibody was then washed away with 

binding buffer and the cells analysed on the flow cytometer.  

 

An isotype control, rabbit IgG1-FITC (DAKO) was added as an additional control to 

separate samples to evaluate the background fluorescence. Cell populations were 

gated to discard debris and 10000 events were recorded. 

 

2.2.3.3 Annexin V/Propidium Iodide Assay 

A 2.5µl volume of Annexin V (BD Biosciences) was diluted in 50µl of Annexin V 1x 

binding buffer (0.1M Hepes, 1.4M NaCl, 25mM CaCl2), added to the Jurkat cell pellet 

and incubated for 20 minutes on ice in the dark. The cells were then stained with a 

2.5µl volume of 100µg/ml Propidium Iodide diluted in 100µl Annexin V binding 

buffer before immediate analysis on the flow cytometer. 

 

2.2.3.4 Surface Hsp72, Hsp27, Hsp60 and Hsp90 Analysis 

For Leukocytes: sHsp72 analysis was performed using a mouse monoclonal anti-

Hsp72-FITC conjugated antibody raised against the TKD 14-mer, aa 450–463 peptide 

sequence (TKDNNLLGRFELSG) in the N-terminal region of the Hsp72 protein 
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(Multimmune Ltd), or a mouse monoclonal anti-Hsp72-FITC (Stressgen). The cell 

pellet from lysed whole blood (LWB) was incubated with either antibody to Hsp72 in 

addition to surface CD markers to distinguish the relevant leukocyte populations (see 

section 2.2.3.1). After a 30 minute incubation at 4ºC in the dark, the unbound 

antibody was washed with binding buffer and the cells were analysed immediately on 

the flow cytometer. For sHsp27 and sHsp90 analysis, a 1:50 dilution of anti-human 

Hsp27-FITC or anti-human Hsp90-PE (both BD Biosciences) was added without the 

addition of surface CD markers. After a 30 minute incubation at 4ºC in the dark, the 

unbound antibody was washed with binding buffer and the cells were analysed 

immediately on the flow cytometer. 

For Jurkat Cells: Following treatment, the cell pellet was washed with binding buffer 

before addition of 50µl/well of a 1:50 dilution of a mouse monoclonal anti-Hsp72-

FITC, a mouse monoclonal anti-Hsp27-FITC, a mouse monoclonal anti-Hsp60-PE 

(Cambridge Bioscience) or a mouse monoclonal anti-Hsp90-PE antibody. The cells 

were incubated for 40 minutes at 4°C. The unbound antibody was then washed away 

with binding buffer and the cells analysed on the flow cytometer.  

 

2.2.3.5 Intracellular Hsp27, Hsp60, Hsp72 and Hsp90 Analysis  

For Leukocytes: iHsp72 analysis was performed using a mouse monoclonal anti-

Hsp72-FITC. Firstly, the cell pellet from LWB was labelled with surface CD markers 

as described in section 2.2.3.1, then fixed and permeabilised with Fix/Perm solution 

for 20 minutes at 4°C and then washed with binding buffer. The cell suspension was 

incubated with anti-Hsp72-FITC diluted 1:50 in binding buffer and incubated for 40 

minutes at 4°C. The unbound antibody was then washed with binding buffer and the 

cells were analysed on the flow cytometer. For iHsp27 and iHsp90 analysis, a 1:50 

dilution of anti-human Hsp27-FITC or anti-human Hsp90-PE (both BD Biosciences) 

were added following fixing and permeablising without the addition of surface CD 

markers. After a 40 minute incubation at 4ºC in the dark, the unbound antibody was 

washed with binding buffer and the cells were analysed immediately on the flow 

cytometer. 

For Jurkat Cells: Following treatment, the cell pellet was washed with binding buffer 

before being fixed and permeabilised with Fix/Perm solution for 20 minutes at 4°C. 

Cells were washed again with binding buffer before addition of 50µl/well of a 1:50 
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dilution of a mouse monoclonal anti-Hsp72-FITC, a mouse monoclonal anti-Hsp27-

FITC, a mouse monoclonal anti-Hsp60-PE or a mouse monoclonal anti-Hsp90-PE 

antibody. The cells were incubated for 40 minutes at 4°C. The unbound antibody was 

then washed away with binding buffer and the cells analysed on the flow cytometer 

 

Isotype controls, mouse IgG1-FITC and IgG1-PE (DAKO) were added as additional 

controls to separate samples to evaluate the background fluorescence. Cell 

populations were gated to discard debris and 10000 events were recorded. 

 

2.2.3.6 ZAP-70 Analysis 

The cell pellet from LWB collected from CLL patients only, was first labelled with 

antibodies to CD5 and CD19 as described in section 2.2.3.1, then fixed and 

permeabilised with Fix/Perm solution for 20 minutes at 4°C and then washed with 

binding buffer. The cell suspension was incubated with a mouse monoclonal anti-

ZAP-70-PE-Cy5 conjugated antibody (eBioscience) diluted 1:50 in binding buffer 

and incubated for 40 minutes at 4°C. The unbound antibody was then washed with 

binding buffer and the cells were analysed on the flow cytometer. 

 

2.2.3.7 T Regulatory Cell Detection 

T regulatory cells were analysed in PBMCs. Following PBMC purification (see 

section 2.3.1.2), the concentration of cells was adjusted to 3x105cells/well. Cells were 

washed with 250µl/well binding buffer then double stained with 6.6µl of a PE-

conjugated mouse monoclonal anti-human CD25 and 1.6µl of a PECy7-conjugated 

mouse monoclonal anti-human CD4.  Cells were incubated for 30 minutes at 4ºC in 

the dark. Cells were washed again in binding buffer before being fixed and 

permeabilised with Fix/Perm solution (BD Bioscience) for 20 minutes at 4ºC in the 

dark. After a further wash in binding buffer, the cells were stained with 6.6µl of an 

Alexa Fluor 488-conjugated mouse monoclonal anti-human FoxP3 and incubated for 

1 hour in the dark at 4ºC. Finally, the cells were washed again in binding buffer 

before being resuspended in 100ul/well DPBS and analysed on the flow cytometer. 

 

 

 



Chapter 2: Materials and Methods 

50 

2.2.3.8 DR4/DR5 Analysis 

Following treatment, cells were transferred to microcentrifuge tubes, centrifuged at 

500g for 5 minutes and the supernatant removed. After a washing step in binding 

buffer, a 4µl volume of PE conjugated anti-human DR4 or PE conjugated anti-human 

DR5 (both BD Biosciences) was added to the cell pellet. The plate was then incubated 

for 1 hour on ice in the dark. Cells were washed twice with wash buffer and 

resuspended in DPBS ready for analysis. 

 

2.2.4 Western Blot Analysis 

Western blot analysis was performed on cell extracts from PBMCs, purified from 

whole blood using methods described in section 2.2.1.2. PBMCs were resuspended in 

200µl of extraction buffer (produced in house) and incubated at 4°C for 10 minutes. 

Cells were then centrifuged at 13500g for 20 minutes at RT and the supernatant (cell 

extract) was retained for western blot analysis. 

 

2.2.4.1. Protein Assay 

The concentration of total protein in each PBMC extract was determined using the 

Coomassie protein assay to ensure equal loading of protein on to the gel. Standard 

concentrations of bovine serum albumin (BSA) were made up in extraction buffer 

ranging from 2000ng/ml to 25ng/ml and including a blank reference sample. A 10µl 

volume of each cell extract and standard was then added to a 96-well flat bottomed 

plate. A 300 µl volume of Coomassie reagent (Pierce) was then added to each well 

and the plate was incubated for 10 minutes at RT. The absorbance of each well was 

then read on a Bio-Tek Synergy HT plate reader at 595nm. After determination of 

total protein concentration in each sample, the samples were diluted in extraction 

buffer so that they each contained the same concentration of total protein. 

 

2.2.4.2 Gel Electrophoresis and Western Blotting 

Resolving gels (1.5M Tris-Hcl gel) were prepared, covered with a layer of dH20 to 

prevent evaporation, and left to solidify at RT for 1 hour. The gels were then stored at 

4ºC overnight. Stacking gels (0.5M Tris-HCl) were prepared and after removing the 

layer of water, were added to the top of the resolving gel and left to solidify for 1 hour 

at RT.  
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The cell extracts were then diluted 1:1 with SDS sample buffer containing 

bromophenol blue (Fisons Scientific Equipment) and β-mercaptoethanol (Fisher 

Scientific), then heated to 85˚C for 10 minutes. The samples were then allowed to 

cool for 5 minutes on ice.  

 

The gels were transferred to an electrophoresis chamber and the chamber was filled 

with 1X electrode buffer.  A 30µl volume of each sample was loaded on to the gel. A 

5µl volume of 2µg/ml rHsp72 (Stressmark) and a 5µl volume of the pre-stained 

molecular weight marker (Biorad) was also added to the gel and the samples were 

then run at 200v for 45 minutes. The gel was then transferred to a western blotting 

chamber containing transfer buffer and blotted on to nitrocellulose by running at 100v 

for 1 hour. 

  

2.2.4.3 Heat Shock Protein Detection 

After blotting, the nitrocellulose was incubated for 1 hour in blocking solution (1% 

BSA in PBS). The blot was then washed 3 times for 5 minutes per wash in wash 

buffer (TTBS). The nitrocellulose was incubated for 1 hour in a 1:2000 dilution of 

Anti-human Hsp72 biotin-conjugate (Bioquote) diluted in antibody buffer (1% BSA 

in TTBS). The nitrocellulose was then washed again three times for 5 minutes per 

wash in wash buffer. A 1:2000 dilution of Extravidin Peroxidase (Sigma) was then 

added and the nitrocellulose was incubated for 1 hour. Following a further three 

washes in wash buffer, the nitrocellulose was incubated for 5 minutes in a 1:1 solution 

of chemilluminescence substrate (Super Signal West Pico Trial Kit). Luminescence 

was detected using the Chemilluminescence detection system (Biorad). 

 

2.2.5 Hsp72 ELISA 

Hsp72 ELISAs were performed on Jurkat cell extracts, Jurkat cell supernatant and 

serum from CLL patients and healthy controls.  

 

2.2.5.1 Hsp72 ELISA of Serum 

ELISA plates were coated with 100µl/well of a 2µg/ml polyclonal affinity purified 

sheep anti-Hsp72 (Hsp72-DEG-EI, produced in-house) which was raised against a 

sequence from Hsp72, (HSPA1A). The antibody was diluted in 0.1M carbonate buffer 

and incubated overnight at 4°C. The plate was washed 3 times with 300µl/well of 
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ELISA wash buffer (0.05% Tween 20 in PBS) and blotted dry. The wells were then 

blocked with 300µl/well blocking solution (0.5% BSA in PBS) and incubated for 1 

hour at 25ºC. The plate was washed as before followed by the addition of 100µl/well 

samples or standards, ranging from 100ng/ml to 3.125ng/ml, diluted in blocking 

solution. The plate was incubated for 2 hours at 37ºC. The plate was washed again as 

before then 100µl/well of a mouse monoclonal anti-Hsp72 raised against Bovine 

Hsp72 (H-9776 Sigma), diluted 1:1000 in antibody diluent (0.5% BSA in wash 

buffer) added. The plate was then incubated at 37ºC for 1 hour. After a further wash, 

100µl/well of an anti-mouse IgG HRP-conjugate (Sigma) was added and the plate, 

diluted 1:2500 in antibody diluent. The plate was then incubated at 37ºC for 1 hour. 

After a final wash, 100µl/well of TMB substrate (Cheshire Sciences) was added and 

the plate was incubated at 25ºC on a plate shaker for 30 mins. Finally, 100µl/well of 

1M orthophosphoric acid was added to stop the reaction and the plate read on a Bio-

tek Synergy HT plate reader at 450nm. 

 

2.2.5.2 Hsp72 ELISA of Jurkat Cell Extracts 

ELISAs were performed as described in section 2.3.5.1. 

The rHsp72 standards were diluted in extraction buffer 

Detector antibody (mouse monoclonal anti-Hsp72 raised against Bovine Hsp72 (H-

9776 Sigma)) was diluted 1:5000 

Anti-mouse IgG HRP-conjugate was diluted 1:8000 

 

2.2.5.3 Hsp72 ELISA of Supernatant 

ELISAs were performed as described in section 2.3.5.1. 

The rHsp72 standards were diluted in fresh tissue culture media (RPMI containing 

10% FBS) 

Detector antibody (mouse monoclonal anti-Hsp72 raised against Bovine Hsp72 (H-

9776 Sigma)) was diluted 1:1000 

Anti-mouse IgG HRP-conjugate was diluted 1:2500 

 

2.2.6 Drug Treatment 

Cells were seeded in 24-well plates at a concentration of 3x105 cells/ well. TRAIL 

(Peprotech), doxorubicin (Calbiochem), cyclophosphamide (Baxter Healthcare), 

lovastatin (Calbiochem), benzyl alcohol (C6H5CH2OH) (Sigma), ethanol 
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(CH3CH2OH) (VWR International), phenethyl alcohol (PhA) (C8H10O) (SAFC supply 

solutions) and bupivacaine (Sigma) were all made-up to the appropriate 

concentrations in RPMI and added to the wells. TRAIL, doxorubicin, benzyl alcohol, 

ethanol, phenethyl alcohol and bupivacaine treatments were performed over a period 

of four hours at 37°C. Cyclophosphamide and lovastatin treatments were performed 

over a period of 24 hours at 37°C. Once the sub-lethal concentrations of these drugs 

had been established using dose-response experiments, the chemotherapeutic agents 

were combined with heat shock and alcohol treatments. In experiments involving 

combination treatments of cyclophosphamide and lovastatin, benzyl alcohol, ethanol, 

phenethy alcohol and bupivacaine were removed after four hours and 

cyclophosphamide and lovastatin alone were reapplied for the remaining twenty 

hours.  

 

In experiments involving pre-treatments, cells were treated with 2.5mM methyl-β-

cyclodextrin (mβcd) for two hours or mild hyperthermia (one hour at 42ºC followed 

by a three hour recovery at 37ºC) before being washed and treated with doxorubicin 

and ethanol.  

 

2.2.7 Caspase-3 Plate-based Assay 

After the relevant time period, cells were transferred to microcentrifuge tubes and 

centrifuged at 500g for 5 minutes. The supernatant was removed and the cells were 

washed twice with 150µl of fresh RPMI. The cells were resuspended in 150µl of 

RPMI and then transferred to black-sided clear-bottomed 96-well plates. A 50µl 

volume of caspase-3 substrate solution (Cambridge Bioscience), made according to 

the manufacturers recommendations, was added to each well. The plate was then 

incubated in the dark at room temperature for 1 hour. The fluorescence of each well 

was read on a fluorescence plate reader (Bio-Tek) at Ex/Em 496/520.  

 

2.2.8 Propidium Iodide Assay 

After the appropriate time, cells were transferred to microcentrifuge tubes and 

centrifuged at 500g for 5 minutes. The supernatant was removed and the cells were 

washed twice with 150µl of fresh RPMI. The cells were resuspended in 50µl of RPMI 

and then transferred to black-sided clear-bottomed 96-well plates (Fisher). A 50µl 

volume of a 5µg/ml Propidium Iodide solution (Sigma), diluted in DPBS, was added 
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to each well. The plate was then incubated in the dark at room temperature for 20 

minutes. The fluorescence of each well was read on a fluorescence plate reader at 

Ex/Em 535/617. 

 

2.2.9 Fluorescence Microscopy 

Fluorescence Micorscopy was perfomed using an inverted TE2000-U microscope 

system (Nickon Corporation Ltd). Images were captured using a Hamamatsu digital 

CCD camera and coloured images were created using IP LAB suite software (Nikon).  

 

After the relevant time period, cells were transferred to microcentrifuge tubes and 

centrifuged at 500g for 5 minutes.  The supernatant was removed and the cells were 

washed twice in 150µl of binding buffer. 

 

2.2.9.1 DR4/DR5 Analysis 

A 20µl volume of PE conjugated anti-human DR4 or PE conjugated anti-human DR5 

was added to the cell pellet and incubated on ice for 1 hour.  Cells were then washed 

twice with binding buffer and resuspended in 10µl of DPBS before being spotted on 

to a glass slide. A single drop of the anti-fade reagent Prolong Gold containing DAPI 

(Molecular Probes) was added to the cell suspension before addition of a coverslip. 

Coverslips were sealed and the slides were left in the dark for twenty four hours 

before observation under the fluorescence microscope (Nikon). 

 

2.2.9.2 Hoechst Staining 

Cells were centrifuged at 500g for 5 minutes before being resuspended in 150µl of 

3.7% formaldehyde and incubated for 10 minutes at RT. The cells were then washed 

before addition of 1:100 dilution of 5µM Hoechst 33342 (Sigma), diluted in RPMI 

media. The cells were then incubated for 10 minutes before being spotted on to a glass 

microscope slide, sealed and observed immediately under UV (365-480nm) on a 

Nikon Fluorescence Microscope (Nikon). 
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2.2.10 Real-time PCR 

2.2.10.1 R2A Extraction 

Purification of mRNA from Jurkat cells was performed using the Amersham Quick 

Prep Purification Kit (GE Healthcare).  The kit works on the principle of affinity 

purification using oligo d-Thymidine-conjugated cellulose. The thymidine tails 

specifically bind to the poly-Adenosine tails present at the 3’ end of the mRNA only. 

After several washing steps, mRNA bound to the thymidine is then eluted with a heat 

elution step and collected for further analysis. 

 

Following treatment with various membrane fluidisers, cells were transferred to 

microcentrifuge tubes and centrifuged at 500g for 5 minutes. The supernatant was 

removed before the cells were washed twice in DPBS. mRNA was extracted 

following the manufacturers instructions:  

 

First, 400µl of extraction buffer was added to the cell pellet in RNAase-free 1.5ml 

microcentrifuge tubes. An 800µl volume of elution buffer, pre-heated to 65ºC was 

added, the samples were mixed vigorously and vortexed for 5 minutes. Samples were 

then centrifuged for 1 minute at 12000g. 1ml of Oligo-(dT) cellulose was added to a 

microcentrifuge tube (one for each sample) and centrifuged for 1 minute at 12000g. 

After discarding the supernatant, the cleared cellular homogenate (supernatant) from 

the cell samples was added to the oligo(dT) cellulose. The solution was gently 

resuspended and inverted for 3 minutes, allowing binding between the poly-A tails of 

the mRNA and the T-bases of the Oligo (dT) cellulose. The samples were then 

washed five times with a high concentration of salt buffer solution followed by three 

washes with a low concentration of salt buffer solution in order to purify the mRNA 

samples. The pelleted cellulose was resuspended in a 300µl volume of low salt buffer, 

transferred to a microcentrifuge spin column and washed twice with low salt buffer. A 

500µl volume of pre-warmed elution buffer was added to the sample to elute the 

mRNA from the oligo (dT) cellulose. The sample was then spun again for 1 minute at 

12000g and the mRNA was collected underneath the spin column in a 

microcentrifuge tube ready for cDNA synthesis.  
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2.2.10.2 cD2A Synthesis 

The reverse transcription of mRNA to cDNA was performed using Ready to Go 

Prime First Strand Beads (GE Healthcare). The beads contain three components 

essential for first strand synthesis; the Moloney Murine Leukaemia Virus (M-MuLV), 

a reverse transcriptase enzyme allowing reverse transcription of mRNA to cDNA, 

DTT which stabilises the synthesis reaction and PCR buffer. Following mRNA 

extraction, the mRNA was heated to 65ºC for 10 minutes then chilled on ice for 2 

minutes. A 30µl volume of mRNA was then added to a microcentrifuge tube 

containing two first strand beads. A 1µl volume of pd(N)6 random 

hexadeoxynucleotides primers, at a concentration of 0.2µg/ml (GE Healthcare) and 

2µl of DEPC-treated dH20 were added to the tube. The pd(6) primers were chosen to 

allow the amplification of the whole mRNA extract to minimise the risk of loosing the 

sequence of interest. The tube was vortexed before being centrifuged to collect the 

contents to the bottom of the tube. The samples were then incubated for 1 hour at 

37ºC. 

To store the cDNA samples, 200µl of 95% ethanol was added to each sample and 

stored at -20ºC until required. Before RT-PCR, the samples were spun at 12000g for 

30 minutes at 4ºC and the supernatant was discarded. Samples were left to air dry in 

the laminar flow cabinet to allow the remaining ethanol to evaporate. The cDNA 

pellet was resuspended in 50µl of DEPC-treated water ready for analysis. 

 

2.2.10.3 Real-time PCR 

Quantitative PCR was performed using primers for Hsp72 and the house keeping gene 

18s (ABI). The primers for quantitative PCR contain a fluorescence probe and a 

quencher. The primer binds to the cDNA and upon initiation of the message 

amplification, the quencher is cleaved, allowing the probe to fluoresce. This indicates 

that a copy of the cDNA has been made. The fluorescence intensity of the reaction is 

proportional to the amount of template in the reaction. The speed at which the 

cleavage of the quencher begins is proportional to the amount of cDNA in the reaction 

and is determined by the cycle number at which fluorescence intensity increases 

above a threshold value called the CT value. 

 

Standard samples were produced to construct a standard curve for Hsp72 and 18s. For 

this, genomic DNA was extracted from Jurkat cells using the procedure described in 
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section 2.2.10.4 and was serially diluted 1:5. A negative control containing DEPC-

treated water instead of cDNA was used on each plate to ensure PCR quality. Samples 

were run in duplicate.   

A 9µl volume of cDNA (samples or standards) was added to 1µl of the Hsp72/18s 

Probe Primer mix (ABI) and 10µl Universal Taqman Master mix (Applera) in a 96-

well optical reaction plate (Applied Biosystems). The plate was sealed with an 

adhesive plate sealer and run as a quantitation plate on the ABI 7700 Real-Time PCR 

machine. Expression of Hsp72 was compared to the 18s housekeeping gene and was 

quantitated using the following method: 

 

• A standard curve for each primer was constructed from the quantity of DNA 

in the standards 

• The quantity of each test sample was extrapolated from the standard curve 

• The expression of Hsp72 is then normalised to 18s by dividing each quantity 

for Hsp72 by each quantity for 18s 

• Finally, the fold expression is determined by dividing each normalised value 

for test samples by the normalised value for control samples. 

 

2.2.10.4 Genomic D2A extraction 

Genomic DNA was extracted using a Genomic DNA extraction kit from Epicentre. 

Briefly, 1x106 Jurkat cells were centrifuged at 500g for 5 minutes and the supernatant 

removed. A 500µl volume of quick extract solution was added to the cell pellet and 

the tube was vortexed for 10 seconds. Samples were then incubated for 1 minute at 

65ºC, vortexted again, then incubated for 2 minutes at 98ºC. Finally, samples were 

vortexted one last time and stored at -20ºC in single use aliquots. 

 

2.2.11 Statistical Analysis 

All statistical analysis was perfomed using GraphPad PRISM software version 4.03. 

All data was tested for normality using the Kolonogorov-Smirnov (KS) test. The KS 

statistic quantifies the discrepancy between the data in question and an ideal normal 

(gausssian) distribution. Statistical analysis was then performed on normally-

distributed data using the un-paired t-test or one-way Analysis of Variance (ANOVA) 

with Dunnet’s or Bonferroni’s post hoc tests depending on the data analysed. The un-
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paired t-test was used in analyses involving the comparison of two groups of data. 

Where the t-test was used and significant differences were found, specific P values are 

stated. The one-way ANOVA was used in analyses involving more than two groups 

of data. In analyses involving comparisons between control groups and each test 

group, a Dunnet’s post-hoc test was chosen. In analyses involving comparisons 

between all test groups a Bonferroni’s post-hoc test was chosen. P values <0.05 were 

considered to be significant. Where the one-way ANOVA was used and significant 

differences were found, approximate P values are stated. * represents a p value < 0.05, 

** represents a p value < 0.01 and *** represents a p value < 0.001. Correlation 

analysis was performed using the Spearman’s correlation coefficient. P values < 0.05 

were considered to be significant. Where significant differences were found, the 

precise p value and r value are stated. 




