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Cell lines and culture conditions 

The breast cancer cell lines T47D, MDA-MB-157, MDA-MB-231, MCF-7 (ATCC, , 

Boras, Sweden), non-metastastic MN-2C5 and metastatic M-A4A (kindly provided by 

Dr. D. Tarin) and the T-cell leukaemia cell line Jurkat (ATCC), were grown in 

RPMI1640 with 2mM L-glutamine, 10% fetal calf serum (FCS) and 1% P/S (all from 

Invitrogen,) at 37oC in 5% CO2, while the breast cancer cell lines Hs 578T (ATCC) 

and BrCa-MZ-01 (kindly provided by Dr. V. Mwere grown in DMEM with 2mM L-

glutamine, 10% FCS, 1% P/S, 1% non-essential amino acids, 1% sodium pyruvate 

and 1% sodium bicarbonate.  

 

Production of phage libraries 

An overnight culture of TG1 cells containing scFv antibody library was diluted 1:100 

in 50 ml 2xTY containing 1% glucose and 50 µg/ml carbenicillin, and incubated at 

37oC to OD600 = 0.5. A 20:1 molar excess of KM13 helper phage was added to 10 ml 

of this culture and incubated for 30 min at 37oC. Cells were sedimented by 

centrifugation at 2,500 x g for 10 min and the pellet was resuspended in 100 ml 2xTY 

containing 50 µg/ml carbenicillin and 25 µg/ml kanamycin and incubated overnight at 

30oC, followed by another centrifugation at 2,500 x g for 10 min. The supernatant was 

mixed with 1/5 volume of 20% polyethylenglycol (PEG) 6000 containing 2.5 M NaCl 

and incubated for 1 h at 4oC. Following centrifugation at 10,500 x g for 30 min, the 

phage pellet was resuspended in 15 ml H2O. The PEG precipitation was repeated and 

the pellet was resuspended in 1.5 ml H2O and filtrated through a 0.45 µm filter. 

Subsequently, a log phase TG1 culture (OD600 = 0.5) was infected with phages and 



TUs were determined on 1xTY agar plates supplemented with 50 µg/ml carbenicillin 

and 1% glucose 

 

Production of monoclonal scFv-phages  

Individual TG1 colonies were inoculated into 96 well plates (Nunc, Roskilde, 

Denmark) containing 100 µl/well of 2xTY with 50 µg/ml carbenicillin and 1% 

glucose. The cultures were grown overnight at 37oC while shaking (250 rpm). An 

inoculum of 2 µl was transferred from each well to a second 96 well plate containing 

200 µl/well of 2xTY with 100 µg/ml ampicillin and 1% glucose. Following 

incubation at 37oC for 2 h while shaking (250 rpm), 25 µl 2xTY containing 50 µg/ml 

carbenicillin, 25 µg/ml kanamycin and 109 helper phages were added to each well and 

the plates were incubated at 37oC for 1h. The plates were centrifuged for 10 min at 

1,800 x g and the pellets were resuspended in 200 µl of 2xTY containing 50 µg/ml 

carbenicillin and 25 µg/ml kanamycin. These cultures were incubated overnight at 

30oC while shaking. Cells were sedimented by centrifugation at 1,800 x g for 10 min, 

and the phages in the supernatant were then used for direct phage ELISA.  

 

Cell ELISA and recombinant GRP78 ELISA 

Cancer cell lines were seeded at a density of 5,000 cells per well in a 96 well plate 

(CM-LAB, Vordingborg, Denmark) and incubated overnight at 37oC in 5% CO2. 

Cells were fixed with 4% formaldehyde for 20 min followed by blocking with 300 µl 

2% (w/v) skim milk in PBS for 2 h at room temperature. Antibody-phages diluted 

PBS with 0.5% (w/v) skim milk were added to each well, and incubated 2 h at room 

temperature. After 3 washes with PBS containing 0.1% (v/v) Tween20, bound phages 

were detected with horseradish peroxidase (HRP)-conjugated mouse anti-M13 



antibody (GE Healthcare, Buckinghamshire, UK). Staining was performed using 

OPD substrate (Kem-En-Tec, Copenhagen, Denmark) according to the manufacturer's 

instructions. The color reaction was stopped with 100 µl 2M H2SO4 and the optical 

density at 492 nm was measured. The clones that were positive in the cell ELISA and 

did not react with BSA or culture medium alone were reexamined with known 

amounts of phages based on TUs. In other experiments, antibody-phages diluted PBS 

with 0.5% (w/v) skim milk were added to wells coated with recombinant GRP78 as 

described above and incubated 2 h at room temperature. Detection of bound phage 

and washing was performed as described above. 

 

Sequence analysis 

Nucleic acid sequencing was carried out on selected individual scFv clones by 

amplifying the inserted fragments in a colony PCR using the primers M13-back (5’-

GAA TTT TCT GTA TGA GG-3’) and M13-rev (5’-GAA ACA GCT ATG ACC 

ATG-3’) (DNA Technology, Aarhus, Denmark). The gene segments were aligned 

with reported immunoglobulin V and J gene germline sequences from the 

International Immunogenetics Database (http://imgt.cines.fr:8104), the GenBank 

sequence database (http://www.ncbi.nlm.nih.gov/ Genbank/index.html) and V-BASE 

(http://www.mrc-cpe.cam.ac.uk/DNAPLOT.php). Nucleic acid sequencing of the 

plasmid DNA of the positive clone from the yeast two-hybrid screen was carried out 

using the primers Myr 5’ (5’-ACT ACT AGC AGC TGT AAT AAT AC-3’) and Myr 

3’ (5’-CGT GAA TGT AAG CGT GAC AT-3’) (Stratagene). 

 

Immunohistochemistry. 



Tumor and normal tissue samples were obtained from patients after surgical 

resections, cut into 5 µm sections, deparaffinized, treated with 1.5% H202 in Tris-

buffered saline (pH 7.5) for 10 min to block endogenous peroxidase activity, rinsed in 

distilled H2O, demasked for antigen retrieval and washed in TNT buffer (0.1M Tris, 

0.15M NaCl, 0.05% Tween-20, pH 7.5). A panel of antigen retrieval protocols was 

initially evaluated, including microwave boiling for 15 min in either T-EG buffer 

(10mM Tris containing 0.5mM EGTA, pH 9.0), 10 mM citate buffer, pH 6.0, or Dako 

Target retrieval solution (Dako, Glostrup, Denmark), or proteolytic treatment using 

either 0.05% protease type XIV (pronase E, Sigma-Aldrich) in TBS, pH 7.0 for 15 

min at 37°C, or 0.4% pepsin (Sigma-Aldrich) in 0.01M HCl for 20 min at 37°C. 

Microwave boiling in T-EG buffer for 15 min was found to be the optimal antigen 

retrieval method and was used in the successive experiments. 

  

Sections were subsequently incubated with Ab39, Ab83 and AbK2 diluted in antibody 

diluent (Dako) for 1h at room temperature. Sections were washed with TNT and 

incubated with a mouse anti-M13 mAb (GE Healthcare, Broendby, Denmark, dilution 

1/1000) for 1h at room temperature. Sections were again washed with TNT and 

incubated with HRP-conjugated “Ready-to-use” EnVision™+ polymer K4001 (Dako) 

for 30 min, followed by another wash with TNT. In other experiments, sections were 

subsequently incubated with affinity-purified goat anti-GRP78 antibody (C-20, Santa 

Cruz Biotechnology, Santa Cruz, CA) or affinity-purified rabbit anti-GRP78 antibody 

(H-129, Santa Cruz Biotechnology) diluted in antibody diluent (Dako) for 1h at room 

temperature. Sections were washed with TNT and incubated with HRP-conjugated 

“Ready-to-use” EnVision™+ polymer K4003 (Dako) for 30 min to detect rabbit 

antibodies or, for detection of goat antibodies, first incubated with a rabbit anti-goat 



antibody (E466, Dako) and then incubated with HRP-conjugated “Ready-to-use” 

EnVision™+ polymer K4003 (Dako) for 30 min, followed by another wash with 

TNT.  The final reaction product was visualized by incubating with 3,3’-

diaminobenzidine (DAB)+ substrate-chromogen for 10 min, followed by washing 

with H2O and counterstaining of sections with Mayers hematoxylin before mounting 

in AquaTex (Merck Inc., Whitehouse Station, NJ, USA). Negative controls for each 

experiment were samples with phage antibody AbK2, a random selected clone from 

the starting library conformed to express scFv on the phage surface, or no primary 

phage-scFv antibody. In a few instances, nonspecific staining was observed with all of 

the phage antibodies, including the control AbK2, prohibiting evaluation of antibody 

reactivity in these tissues. These specimens were not included in Tables 3A and 3B.   

 

Flow cytometry 

Ab39, Ab83 and AbK2 (approximately 1012 pre-blocked phage particles bearing 

antibody) were added to 5 x 106 breast cancer cells in 100 µl PBS supplemented with 

2% FCS and incubated for 1.5 h at 4oC. Cells were washed twice (5 min, 300 x g, 

4oC) in PBS supplemented with 2% FCS and bound phage was detected by mouse 

anti-M13 mAb (GE Healthcare, dilution 1/1000) for 30 min at 4oC followed by RPE-

conjugated goat-anti-mouse mAb (Sigma-Aldrich, Broendby, Denmark, dilution 

1/100) for 30 min at 4oC. After another set of washes with PBS supplemented with 

2% FCS and 0.1% sodium azide, cells were fixed by 1% formaldehyde for 30 min and 

analyzed on a Beckton Dickinson FACSCalibur flow cytometer. The acquired data 

was analyzed using CellQuest and FlowJo software. 

 

Cell growth inhibition assay 



Growth inhibition of different cell lines after addition of selected phage antibodies 

was determined using the Cell Growth Determination Kit, MTT based (Sigma-

Aldrich). Briefly, breast cancer cell lines were seeded in 96 well plates with 2000 

cells per well in 100 µl medium in the presence of phage antibodies in different 

concentrations. After incubation for 72h, growth medium was removed and replaced 

with phenol red-free medium containing 10% of a 5 mg/ml solution of MTT. After 

further 4h hours of incubation at 37oC and 5% CO2, 100µl MTT-solvent was added to 

each well with pipetting up and down to dissolve MTT formazan crystals. Absorbance 

at a wavelength of 570 nm was then measured and background absorbance at 690 nm 

was subtracted. Statistical analysis using one-way ANOVA was performed with the 

GraphPad InStat software. 

 


