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METHODS 

Culture of airway epithelial cells 

NCI-H292 cells, a human pulmonary mucoepidermoid carcinoma cell line, were obtained 

from the European Collection of Cell Cultures (ECACC). Cells were plated at 2x105 cells/ml in 

12- or 24-well plates (BD Falcon) and were grown to confluence in RPMI 1640 medium 

containing 10% fetal calf serum, penicillin (100 units/ml), streptomycin (100 µg/ml), L-

glutamine (2 mM), Glucose (4.5 g/L) and HEPES (25 mM), at 37°C in a humidified, 5% 

CO2/95% air, water-jacketed incubator. The non-tumorigenic human bronchial epithelial cell line 

BEAS-2B obtained from the American Type Cell Collection (Manassas, VA) was maintained in 

serial passage in F-12K culture medium supplemented with 10% fetal calf serum, 1% penicillin 

and streptomycin, 1% glutamine, and 10mM HEPES in 75-cm2 culture flasks and seeded at 5.104 

on 24-well plates (1). Primary cultures of airway epithelial cells, a kind gift of Pr A. Coste 

(Créteil, France), were obtained from three patients undergoing surgery for nasal polyposis and 

were cultured as previously described (2). 
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Preparation of bacterial supernatants 

For preparation of S. pneumoniae, H. influenzae and S. aureus supernatants, bacteria were 

grown in trypticone soy broth dialysate (TSBD) medium with aeration at 37°C to late log phase. 

The broth cultures were then centrifuged at 10,000 rpm for 50 min, and supernatants were 

harvested and kept at –80°C until used. Streptococcus pneumonia supernatants were obtained 

from 1 ATCC strain (#6301) and 4 clinical strains (labeled 1 to 4) cultured from respiratory 

secretions. H. influenzae supernatants were obtained from 5 clinical strains (labeled 1 to 5) 

cultured from respiratory secretions. S. aureus supernatants were obtained from the laboratory 

strain N315 and from 8 clinical strains [4 methicillin-resistant Staphylococcus aureus (MRSA, 

labeled 1 to 4) and 4 methicillin-sensitive S. aureus (MSSA, labeled 5 to 8)] cultured from 

respiratory secretions in patients with bronchiectasis. 

Confluent epithelial cells were incubated in the presence of supernatants (1:8 in cell 

culture medium) for 24h. After these 24h-incubations, cell culture media were harvested and 

concentrations of immunoreactive VEGF were measured by ELISA (R&D Systems, 

Minneapolis, MN, USA) according to the manufacturer’s protocol. Each sample was measured in 

duplicate.  

 

Western blot for VEGF protein 

For western blot analysis, lungs were retrieved, weighed and placed for 30 seconds in 

lysis buffer (CelLytic MT, 0.5 ml/100 mg of weight, Sigma) containing protease inhibitors 

(Complete Mini; Roche, Basel, Switzerland). Homogenates were kept at 4°C for 15 minutes 

before centrifugation at 3,000g during 15 minutes at 4°C. Supernatants were harvested and total 

protein concentrations in lung homogenates were determined by using the bicinchoninic acid-
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based protein assay kit (Pierce, Fischer Scientific, France). Samples containing 20 µg of total 

proteins were subjected to electrophoresis through a 12.5% sodium dodecyl sulfate (SDS)-

polyacrylamide gel, and were transferred to polyvinylidene difluoride membrane (Bio-Rad, 

France). After blocking with 5% non-fat powdered milk in Tris-buffered saline/Tween 20, blots 

were incubated overnight with rabbit polyclonal antibody to VEGF-A (A-20, 1:1500; Santa Cruz 

Biotechnology). Blots were then washed with Tris-buffered saline/Tween 20, incubated for 45 

minutes with secondary biotinylated anti-rabbit antibody conjugated to horseradish peroxidase 

(1:15000; Vector Laboratories), and were developed using the enhanced chemiluminescence 

method (Kit ECL Plus, Amersham Biosciences Corp., Piscataway, NJ, USA). The molecular 

weights of VEGF-A (34-45kD) and β-actin (42 kD) being close, stripping was performed before 

re-probing membranes with a rabbit polyclonal anti-β-actin antibody (1:5000; Abcam, 

Cambridge, UK). Bands were scanned for densitometry analysis and normalized for protein 

loading by calculating the VEGF/β-actin ratio. 

 

RESULTS 

Effect of PA bacterial products on VEGF synthesis in airway epithelial cells 

 We hypothesized a role for PA-LPS in VEGF synthesis. First we examined the effect of 

PA-LPS (Sigma) on VEGF synthesis in NCI-H292 cells. PA-LPS induced dose-dependent 

increase in VEGF synthesis at 24 h (see supplementary Figure 1; *, P<0.05 and P<0.01; n=5 

independent experiments in duplicate).  

Next we examined the effects of PAO1 supernatant (dilution, 1:8) and PA-LPS (10 

microgr/ml) in a non-tumorigenic airway epithelial (BEAS 2B) cell line. In these experiments, 
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confluent BEAS-2B cells were incubated for 24 h with PAO1 sup or with PA-LPS and VEGF 

concentrations were then measured by ELISA in culture medium. BEAS-2B cells expressed low 

levels of VEGF at baseline. Incubation of the cells with PAO1 supernatant induced 

approximately a 2-fold increase in VEGF concentrations (*, P=0.01; n=6 independent 

experiments in duplicate), an effect that was prevented by pretreatment with the EGFR tyrosine 

kinase inhibitor AG1478 (10 microM). Incubation of the cells with PA-LPS was without effect 

on VEGF synthesis (see supplementary Figure 2) 

We then obtained primary culture of airway epithelial cells using nasal polyps removed at 

surgery (n=3 independent subjects). Nasal epithelial cells were grown to confluence at the air-

liquid interface and treated for 24 h with PA products (both at the apical and basolateral 

membranes). Unstimulated primary culture of nasal epithelial cells secreted variable levels of 

VEGF at Baseline. PAO1 supernatant induced significant increase in VEGF concentrations (+ 28 

± 8% compared to Baseline; n=3, P=0.03), whereas trypticase soy broth dialysate (TSBD) and 

PA-LPS had no significant effect (+3% and + 12%, respectively; n=3; P>0.10). 

 

Effects of S. pneumoniae, H. influenzae and S. aureus supernatants on VEGF synthesis in 

NCI-H292 cells 

We examined the effects of supernatants (dilution, 1:8) of the most common bacteria found in the 

airways of bronchiectasis subjects on VEGF synthesis in NCI-H292 cells. In these experiments, 

NCI-H292 cells were treated for 24 h with supernatants and VEGF concentrations were measured 

by ELISA in culture medium. Supernatant from all strains of S. pneumoniae and H. influenzae 

induced VEGF synthesis (see supplementary Figure 3; *, P<0.05 and **, P<0.01; n=3 
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independent experiments), whereas supernatants from S. aureus had no significant effect on 

VEGF synthesis (see supplementary Figure 4; P>0.1; n=3 independent experiments). 
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