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Methods 

 

 

Subjects: All participants were free of chest infection within 6 weeks prior to and during the 

study. No antioxidant supplementation or anti-inflammatory medication was allowed within 2 

weeks prior to or during the study. Asthma severity was classified as intermittent according to 

GINA guidelines,[s1] with short-acting inhaled 2-agonists on demand as sole medication. 

Inhaled or nasal corticosteroids were terminated at least three months prior to the study.  

The sample size in the present study was calculated from previous studies, where a statistical 

significant difference in inflammatory cells in the bronchial mucosa could be determined.   

 

Lung function: Lung function was measured using a Vitalograph spirometer (Vitalograph 

Ltd. Buckingham, UK). At least three satisfactorily performed and well-co-operated 

measurements of each variable were carried out, according to recommendations of the 

American Thoracic Society. [s2] Methacholine challenge was carried out using the method 

described by Juniper et al. [s3] 
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Bronchoscopy: Premedication with 1.0 mg of atropine was given subcutaneously 30 minutes 

before the procedure. Subjects with asthma inhaled 0.2 mg of salbutamol. Lidocaine was used 

for topical anaesthesia. A flexible video bronchoscope (Olympus BF-1T160, Tokyo, Japan) 

was inserted through the mouth, with the subject in the supine position. In a randomised 

manner, bronchial biopsies were taken either from the anterior aspect of the main carina and 

the subcarinae of the second to fourth generation airways of the right side, or from the 

posterior aspect of the main carina and the corresponding subcarinae on the left side. 

Bronchial wash (BW, 2x20 ml) and bronchoalveolar lavage (BAL, 3x60 ml) were carried out 

on the contralateral side using sterile sodium chloride. The aspirates were collected into 

separate siliconised containers and immediately placed on ice. All lavage samples were 

filtered through nylon (pore diameter 100 m) and centrifuged at 400xg for 15 min to 

separate the cell pellet from the supernatant. Cell pellets were re-suspended in phosphate 

buffered saline (PBS) at a cell concentration of 10
6
 cells/ml. Differential cell counts were 

performed on cytocentrifuge preparations stained with May-Grünwald Giemsa and 400 cells 

per slide were counted. 

Immunohistochemistry: Endobronchial mucosal biopsies were processed and embedded into 

glycol methacrylate resin (Polyscience; Northampton, UK), according to the method 

developed by Britten et al. [s4] The immunostaining procedure has been described previously. 

[s5] Stained inflammatory cells were counted in the epithelium and in the submucosa 

excluding glands, blood vessels and muscle. Inflammatory cell counts were expressed as 

cells/mm in the epithelium and cells/mm
2
 in the submucosa and counted using a light 

microscope. Staining of vitamin C transporters was assessed in inflammatory cells, blood 

vessels, epithelium and goblet cells.  

 



3 

 

Flow cytometry analysis: Cells obtained from BAL-fluid were stained with antibodies 

against CD3 (lymphocytes), CD14 (monocytes / macrophages), CD16b (PMNs), as well as 

antibodies against SVCT1, SVCT2 and GLUTs 1-3. Immunoreactivity was analysed by BD 

FACS Calibur to evaluate the expression of transporters on different airway cell types. 

 

BAL cells were centrifuged and diluted to a final concentration of 2*10
6 

cells/ml. For each 

test, 10 μl of primary antibody (GLUT 1-3, SVTC 1-2) was added to 200 μl of cell suspension 

and allowed to bind for 30 minutes at 4
0
C in darkness. Red blood cells were lysed with 1 ml 

FACS
TM

 Lysing solution (Becton Dickinson Immunocytometry Systems, San Jose, CA, USA) 

for 10 minutes at room temperature. The remaining cells were then washed by adding PBS to 

the tubes and centrifuged at 4
0
C for 10 minutes, 300 g and repeated once. To each tube, 50 μl 

of BSA solution (3%) was added for 15 min, room temperature. Then, 5 μl of secondary 

antibodies was added (RAM PE to GLUT and SWAR FITC to SVTC), allowed to bind for 30 

minutes at 4
0
C in darkness. The cells were then washed as described earlier. The remaining 

cells were then stained with 10 μl of conjugated antibodysolution (CD3PerCP, CD16bFITC, 

CD14FITC, CD14PE), allowed to bind for 30 minutes at 4
0
C in darkness. The cells were then 

washed by adding PBS to the tubes and centrifuged at 4
0
C for 10 minutes, 300 g, once. Cells 

were thereafter fixed with 400 μl CellFIX
TM

 (Becton Dickinson Immunocytometry Systems, 

San Jose, CA, USA) before analysis using a FACSCalibur
TM

 (Becton Dickinson) flow 

cytometer.  The percentage of each specific vitamin C transporter was determined out of gated 

CD3
+
, CD14

+
and CD16

+
 cells.  

 

Antioxidant analysis: Total vitamin C, ascorbic acid, dehydroascorbate, total glutathione 

(GSx), glutathione (GSH), and glutathione disulphide (GSSG) concentrations were 
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determined in BW and BAL. Ascorbate concentrations were determined in the BHT and DES 

treated BW and BAL fluid samples following protein and lipid extraction: 400l of lavage 

was treated with 50l 50% metaphosphoric acid (MPA), 50l water and 100l heptane, the 

sample vortexed for 60s and centrifuged at 13,000 rpm, for 5min (4°C). The protocol for 

establishing vitamin C was similar but included a reduction step employing Tris(2-

carboxylethyl) phosphine (TCEP) (Molecular Probes, Eugene, Oregon USA), with 400 l of 

the sample being treated with 50l 50% MPA plus 50l TCEP prior to mixing and incubation 

for 1h at room temperature. After this incubation the sample underwent lipid extraction with 

100l heptane with a 60s vortex and centrifugation at 13,000 rpm as outlined previously. The 

lower layer was then carefully decanted into brown glass HLPC vials for analysis.[s7]   

 

A Gilson 234 auto-sampler was used to inject 20µl aliquots of each sample for analysis on a 

5µm C18 column (4.6 x 150mm) from Phenomenex, eluted with a 0.2mM K2HPO4-H3PO4 

mobile phase containing 0.25mM octanesulphonic acid (pH 2.1) at a flow-rate of 1.5 ml/min. 

An E&EG amperometric electrochemical detector was used for detection with the voltage set 

at 500mV and a current sensitivity of 100nA. Ascorbate, vitamin C (following TCEP 

reduction) concentrations in the samples were measured by comparison with known 

standards.  The DHA concentration was determined by subtracting the ascorbate from the 

vitamin C concentration. For the determination of glutathione, untreated samples were used. 

Glutathione and glutathione disulfide concentrations in lavage fluid were determined using 

the glutathione disulfide reductase–dithiobisnitrobenzoic acid recycling assay, as previously 

described. [s7]  
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Table S1: Inflammatory cell counts in bronchial wash (BW), bronchoalveolar lavage (BAL) 

fluid, submucosa (SM) and epithelium (EP) obtained from mild asthmatic and healthy 

individuals. 
a
 

 

Cell type and location 

 

 

Healthy controls 

n = 16 

 

Asthmatics 

n = 16 

 

 

p value 

 

  

 

    

BW     

(×10
4
 cells·mL

−1
)    

Macrophages 7.2 (5.2–12.3) 5.3 (4.6–9.2) 0.07 

Neutrophils 0.7 (0.3–1.0) 0.2 (0.1–0.6) 0.06 

Lymphocytes 0.3 (0.2–0.7) 0.6 (0.3–0.9) 0.35 

Eosinophils 0.0 (0.0–0.1) 0.1 (0.0–0.3) 0.01 

Mast cells 0.01 (0.00–0.02) 0.03 (0.01–0.04) 0.01 

    

BAL-fluid     

(×10
4
 cells·mL

−1
)    

Macrophages 13.9 (8.9–17.6) 12.0 (10.6–16.1) 0.60 

Neutrophils 0.1 (0.0–0.2) 0.1 (0.0–0.2)  0.66 

Lymphocytes 0.7 (0.5–1.0) 1.1 (0.6–1.4) 0.20 

Eosinophils 0.0 (0.0–0.1) 0.1 (0.0–0.2) 0.18 

Mast cells 0.01 (0.00–0.03) 0.02 (0.01–0.04) 0.13 

    

Bronchial biopsies    

(cells/mm
2
 SM, cells/mm EP) 

Neutrophils SM 104.4 (55.9 – 167.3) 38.8 (23.1-93.9) 0.029 

CD3+ lymphocytes SM 20.4 (4.2 – 135) 20.9 (4.6 – 51.2) 0.777 

Eosinophils SM 0.0 (0.0–0.0) 1.1 (0.0–9.3) 0.083 

Mast cells SM 31.1 (16.1-52.0) 29.0 (18.0 – 36.2) 0.474 

Neutrophils EP 0.0 (0.0 – 2.3) 0.5 (0.0 – 1.7) 0.441 

CD3+ lymphocytes EP 1.3 (0.0 – 6.6) 3.7 (0.0 – 6.0) 0.538 

Eosinophils EP 0.0 (0.0-0.0) 0.0 (0.0 – 1.3) 0.006 

Mast cells EP 0.0 (0.0 – 0.0) 0.0 (0.0 – 1.3) 0.006 

    
a
 = Data given as medians (interquartile range). Data previously published (s8) 
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Table S2: Vitamin C transporters in airway leukocytes analysed by FACS. 
a 

 

Vitamin C transporters 

in airway-leukocytes (%) 

 

Healthy controls 

n = 16 

 

Asthmatics 

n = 16 

 

 

p value 

 

  

 

    

Leukocyte subsets     

(%)    

CD4+ /CD3+ 63.2 (46.4-71.5) 46.4 (37.8-68.3) 0.34 

CD8+ /CD3+ 31.3 (23.6-50.5) 48.7 (26.5-59.4) 0.41 

CD4+ /CD8+ 2.0 (0.9-3.0) 0.96 (0.65-2.53) 0.36 

CD14+ /CD3+ 95.9 (94.6-97.2) 92.3 (89.1-96.4) 0.05 

CD8+ /CD3+ 31.3 (23.6-50.5) 48.7 (26.5-59.4) 0.41 

    

Vitamin C transporters  

on CD3+ lymphocytes  

   

(%)    

GLUT1+ CD3+ 88.9 (81.3-92.0) 88.0 (78.0-91.2) 0.59 

GLUT2+ CD3+ 86.4 (76.7-91.7) 66.9 (56.5-88.1) 0.15 

GLUT3+ CD3+ 71.0 (63.1-79.9) 51.9 (43.1-77.4) 0.03 

SVCT1+ CD3+ 31.4 (25.7-44.1) 37.6 (26.9-43.5) 0.68 

SVCT2+ CD3+ 30.9 (25.0-43.1) 39.6 (26.6-44.8) 0.45 

    

Vitamin C transporters  

on CD14+ macrophages 

   

GLUT1+ CD14+ 40.9 (20.2-60.3) 46.4 (24.3-81.5) 0.46 

GLUT2+ CD14+ 34.0 (19.3-70.2) 40.3 (30.5-62.0) 0.51 

GLUT3+ CD14+ 8.7 (5.3-18.3) 9.9 (4.7-33.1) 0.71 

SVCT1+ CD14+ 88.1 (85.2-90.3) 85.3 (80.9-92.6) 0.82 

SVCT2+ CD14+ 38.7 (28.9-55.3) 40.9 (32.6-61.5) 0.59 

 

Vitamin C transporters  

on CD16+neutrophils 

   

GLUT1+ CD16+ 49.0 (42.8-67.9) 50.7 (40.0-62.2) 0.87 

GLUT2+ CD16+ 64.1 (54.7-74.4) 64.6 (53.1-76.4) 0.97 

GLUT3+ CD16+ 79.7 (59.4-86.8) 44.9 (32.2-85.3) 0.17 

 

CD3+ = lymphocytes, CD4+ = T-helper cells, CD8+ = T cytotoxic cells, CD14+ = macrophages, CD16+ = 

neutrophils, GLUT = glucose transporters, SVCT = sodium-ascorbate co-transporters.  

SVCT data from CD16+ cells is lacking due to limited amount of material.  

a
 = Data given as medians (interquartile range). 
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