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      
       
        
          
         
      
      
       
       
        
      
      


         
       
         
          
          
          
         
           
     

        
        
        
         
       
         
        
         
        
        
 

   

    

     
       
        
  

      

        
       
      
      
    

             

        

         

       

         

          

        

           

  

             

  

          

          

  







         
          
          
         
         
         
            
          
          
           
          
         
          
            
           
          
        
         
        
     

           
       
         
           
          
          
       
          
        
         
       
   

     

      
        
          
            
            
            
          
         
         
           
       
         
         
 

   

        
           

      
       
      
        
      
        
       
        
         
        
   

   

        
        
         
        
        
          
           

       
          
       
      
       
         
       
         
         
         
          
    

   

           
           
         
       
       
       
      
         
       

  

       
         
          
         
        
          
          
          
      

   



















 











 

            

            

            

           

 

            

                     

        

   
   

           



 

          
         
          
       
          



         

    

        
          
        
        
        

         
         
       
        
        
        
         
              
           
          
        
       
            
       
        
        

              
  

       



 





 



 

 



 



  
 





 



  
 



           

           

           

           

           

           

           

           

           

           

                                    

                          

                             

 

   

   

    

    

     

    

  

     

     

   

   

      

    

     

     

    

   

    

     

   

      

    

    

     

    

   

     

    

    

         



          
        
        
          
         
          
         
         
      
    

         

   

         
         
        
       
         
          
        
         
         
        
         
             
         
          
      
           
        

        

         

          
        
          
        
          
        
         
         
        

        

           

         

            

            

       

            

         

         

         

       

        

        

         

         

       

        

        
         

        

         

         

       

           



    

  

        
         
        
       
          
           
          
       
         
      
         
        
       
            
        
         

           
     
           
         
        
        

        
       
       
         
        
        
        
        



       
          
          
         
          
       
        
        
        
         
       
        
      
         
            
         
     

      
          
           
      
       
      
         
       
        
        
        
       
     

         
         
       
        
         
    
    
          
       
         
         
         
          
       
         
          
          
          
       
         
       
         
       
        
          
        
      
        
         

         
           
       
       
          
      
         
        
        
        

         

          

          

        

       

         

        

         

        

           

        

           

     

         



       
      
       
         
        
       
          
        
       
          
        
         

       
       
        
       
         
        
         
        
         
        
        
         
        
      
        
      
         
        
       
       
         
        
        
         
       

      
        
       
       
        
         
 

       
         
       
        
         
        
         
     
       
         
      

           
             
           
             
             
          
              
             
            
            
           
          
             
           
         
       
        
             
            
              
             
   



          
           

   
          

     
           

        
          


          
         
        
    

            
       
        
        
      

            
          
       


            
        
       
        
  

            
       

          
     
        

        

         
        

           



             
         
          
         
          


          

          
       
          


          
      
       

          
       
        
          


           
     
       
    

           
       

          


          
      
      

           
        
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      
         
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Methods 
 
Segmental bronchoprovocation (SBP) and bronchoalveolar lavage (BAL) of atopic subjects with 

asthma.  To determine allergen dose for SBP, a graded inhaled allergen (AG) challenge was 

performed.  The AG dose leading to a 20% FEV1 fall (AG PD20) was calculated from the dose-

response curve.  Allergens used in SBP included ragweed (GS Ragweed mix, Greer Labs, 

Lenioir, NC), cat AG (Fel D1, Bayer Allergy Products, Spokane, WA), and house dust mite 

(Dermatophagoides farinae, Miles Allergy Products, Spokane, WA). Bronchoscopy and SBP 

were performed as previously described (1). Two different bronchopulmonary segments were 

identified. For each segment, a wedge position was achieved by the fiberoptic bronchoscope and 

a baseline BAL was performed with four aliquots of 40 ml of pre-warmed 0.9% NaCl (160 ml 

per segment). Ten percent of the AG PD20 (diluted in 10 ml of sterile saline) was instilled into 

the first segment. If this dose was well-tolerated by the subject (no change in vital signs, pulse 

oximetry or symptoms), a second segment was challenged with a dose of 20%. After 48 hours, 

bronchoscopy was repeated and BAL was performed on each of the two previously challenged 

segments. BAL fluid from the two segments was pooled for analysis.  

 

 Segmental bronchoprovocation (SBP) and bronchoalveolar lavage (BAL) of nonasthmatic 

subjects.  As a quality control measure to ensure that segmental allergen challenge does not 

cause a nonspecific increase in IGFBP-3 due to activation of airway epithelial cells by the 

allergen or the bronchoscopy procedure, a retrospective analysis was performed on BAL fluid 

obtained from normal (n=9) or allergic (n=3) subjects immediately prior to challenge and 48 

hours after challenge of two different segments with saline or ragweed allergen.  Normal subjects 

had normal spirometry, were skin-prick test negative, and had no history of allergy or asthma.  



Two different bronchopulmonary segments were identified.  One segment received saline and a 

second segment was challenged with ragweed allergen.  BAL was performed at 5 minutes and 48 

hours after challenge.  Normal subjects received 1000 protein nitrogen units (PNU) of ragweed 

and allergic subjects received 15% of the amount of allergen that induced a 20% fall in FEV1 

following an inhalation challenge (AG PD20) for doses of 6, 400, and 1000 PNU.  

 

Endobronchial Biopsy Immunofluorescence.  Six µm sections of paraffin-embedded lung tissues 

were de-paraffinized and endogenous biotin was blocked using the Biotin blocking kit 

(Dakocytomation, Carpinteria, CA). The sections were blocked with 5% serum and incubated 

with polyclonal rabbit anti-human IGFBP-3 (GroPep, Adelaide, Australia). Sections were 

washed and incubated with fluorochrome-tagged secondary antibody. Signal was detected using 

the Fluorescense avidin kit (Vector laboratories, Burligame, CA), and images were taken on a 

Fluoview 1000 confocal microscope (Olympus America Inc., Melville, NY). Fluorescent 

intensity was analyzed using MetaMorph (Molecular Devices, Sunnyvale, CA) in the Center for 

Biological Imaging at the University of Pittsburgh School of Medicine. Mean 

immunofluorescense intensity of healthy donors was defined as one, and the ratio of the sample-

to-mean immunofluorescense intensity of healthy donors was calculated as an arbitrary unit.   

 

Epithelial Injury and Immunofluorescence.  Mechanical scrape injury was induced by creating a 

line with a pipette tip across the surface of a confluent HBE cell layer as previously described 

(2).  Following injury, the apical surface was washed with DMEM to remove denuded epithelial 

cells, and the area of injury was examined to assure uniformity.  Eighteen hours following 

epithelial injury, the transwell inserts were fixed in 4% paraformaldehyde, permeabilized with 



Triton X-100, and blocked with 5% goat serum.  The HBE cultures were then incubated with 

0.01 mg/ml rabbit polyclonal antibody against IGFBP-3 (GroPep, Thebarton SA, Australia) or 

control rabbit IgG (Lab Vision, Fremont, CA) for 1 hour.  Species-appropriate secondary 

antibody conjugated to Alexa-488 (Jackson Research, West Grove, PA) was used to visualize 

IGFBP-3.  Additionally, DRAQ5 (Alexis Corporation, Lausen, Switzerland) and fluorescently 

labeled phalloidin (Molecular Probes, Carlsbad, CA) were used as nuclear and cytoskeletal 

markers, respectively.  Images were taken using an Olympus Fluoview 500 confocal microscope 

at 200X magnification and analyzed using ImageJ (3).  Auto-leveling was applied to the red 

(cytoskeleton) and blue (nuclear) images and the brightness was increased by 20% in order to 

improve clarity.  Images shown are representative of three independent experiments performed 

using tissues cultured from three donors.     

 

Figure Legends 

Figure E1.  Segmental allergen challenge does not cause an increase in IGFBP-3 in normal, 

nonallergic subjects.  ELISA quantification of IGFBP-3 levels in undiluted BAL fluid samples 

obtained from nine normal control subjects at baseline (0 hours) or 48 hours after segmental 

instillation of either saline or ragweed allergen (1000 protein nitrogen units (PNU)).  As a 

control, IGFBP-3 was also measured in three allergic subjects challenged with 15% AgPD20 (for 

doses of 6, 400, and 1000 PNU).  IGFBP-3 does not significantly increase following allergen 

challenge of normal subjects or following saline challenge in allergic subjects.  Data are 

presented as medians with interquartile ranges.   

 



Figure E2.  Allergen does not increase secretion of IGFBP-3 by primary airway epithelial cells 

in vitro. Exposure to purified cat allergen (Fel d 1) does not increase secretion of IGFBP-3 or its 

degradation products into either the apical or basolateral compartment.   

Molecular mass markers indicate known glycosylation variants of IGFBP-3 (4).  Samples were 

harvested after 48 hours and equivalent volumes of apical or basolateral culture media 

(corresponding to 5% of the 0.33 cm2 surface area of the differentiated epithelial cell monolayer) 

were loaded per lane.  Concentrations used are as follows:  Purified nFel d 1 (10 mcg/mL in the 

apical media), IGF-I (250 ng/mL in both the apical and basolateral media).  Data presented are 

replicates from single donor primary cells and are representative of results obtained from four 

separate donors. 

 

Figure E3.  Steroids do not increase secretion of IGFBP-3 by primary airway epithelial cells in 

vitro.  In the absence of IGF-I, dexamethasone (Dex) does not alter levels of secreted IGFBP-3 

or its degradation products in either the apical or basolateral compartment.  In the presence of 

IGF-I, there is a trend towards diminished secretion of IGFBP-3 in response to dexamethasone.  

Molecular mass markers indicate known glycosylation variants of IGFBP-3 (4).  Samples were 

harvested after 48 hours and equivalent volumes of apical or basolateral culture media 

(corresponding to 5% of the 0.33 cm2 surface area of the differentiated epithelial cell monolayer) 

were loaded per lane.  Concentrations used are as follows: Dexamethasone (50 nM in the apical 

media), IGF-I (250 ng/mL in both the apical and basolateral media).  Data presented are 

replicates from single donor primary cells and are representative of results obtained from four 

separate donors. 
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