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Supplementary methods 29 

Materials 30 

Commercially available reagents were obtained as follows: 31 

β-(4-hydroxyphenyl)ethyl iodoacetamide (HPE-IAM) was purchased from Molecular 32 

BioSciences (Boulder, CO, USA); mouse monoclonal anti-cystathionine beta-synthase 33 

(CBS) antibody and mouse monoclonal anti-cystathionine gamma-lyase (CSE) antibody 34 

were purchased from Abnova (Taipei City, Taiwan); mouse monoclonal anti-β-actin 35 

antibody was purchased from Santa Cruz Biotechnology (Dallas, TX, USA); sulfane 36 

sulfur probe-4 (SSP-4) was purchased from Dojindo Molecular Technologies 37 

(Kumamoto, Japan); 5-(and 6)-chloromethyl-2’,7’-dichlorohydrofluorescein diacetate 38 

(CM-H2DCFDA), Keratinocyte Serum Free Basal Medium and its supplement, 39 

including recombinant epithelial growth factor and bovine pituitary extract, Dulbecco’s 40 

Modified Eagle’s Medium (DMEM), foetal calf serum (FCS) and antibiotic-antimycotic 41 

were purchased from Invitrogen Life Technologies (Grand Island, NY, USA); BEGM 42 

bullet kit, including growth factor and its supplement, was purchased from Lonza (Basel, 43 

Switzerland). 44 

 45 

Cell culture 46 
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Primary bronchial epithelial cells were isolated from airways that were 47 

removed as part of a lobectomy for lung cancer and were then cultured in a growth 48 

factor-supplemented medium (BEGM bullet kit)[E1].  Cells were cultured at 37°C in a 49 

humidified atmosphere of 5% CO2 and passaged.  Cells were routinely grown to 80% 50 

confluence and growth arrested overnight before the experimental procedures by 51 

transfer to growth factor-free media.  The bronchial epithelial cells from the study 52 

subjects were used between the 2nd and 5th passages.  Primary human lung fibroblasts 53 

were isolated and cultured in accordance with a procedure described in a previous 54 

study[E2].  Briefly, portions of lung parenchymal tissue that were as distal from any 55 

tumour as possible, free of the pleural surface and did not contain any cartilaginous 56 

airways were dissected under sterile conditions, minced and placed in culture.  Cells 57 

from the outgrowth of these cells were passaged.  The phenotypes of chronic 58 

obstructive pulmonary disease (COPD) and non-COPD lung fibroblasts are also 59 

characterized according to reference samples[E2].  The primary lung fibroblasts were 60 

cultured in tissue culture dishes with DMEM supplemented with 10% FCS, 100 μg/ml 61 

penicillin, 250 μg/ml streptomycin and 2.5 μg/ml fungizone.  Cells were cultured at 62 

37°C in a humidified atmosphere of 5% CO2 and passaged.  The primary fibroblasts 63 

from the study subjects were used between the 3rd and 7th passages． 64 
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 65 

Sputum induction and processing 66 

Fifteen minutes after pretreatment with salbutamol sulfate (400 μg), the 67 

subjects inhaled 4% hypertonic saline from an ultrasonic nebulizer (Omron, Tokyo, 68 

Japan.).  Because the collected sputum samples contained saliva, we eliminated 69 

contaminated specimens by visual inspection and by inverted microscopy examination.  70 

Inhalation of hypertonic saline was continued for 15 to 30 min, until the volume of 71 

collected sputum was approximately 1 ml.  The sputum sample was immediately 72 

treated with Sputazyme, a mucolytic reagent that does not contain dithiothreitol (DTT) 73 

(Kyokuto Pharmaceutical Industrial Co. Ltd., Tokyo, Japan), at a volume three times 74 

that of the sample.  The mixture was gently inverted for a few minutes to ensure 75 

mixing.  After samples were centrifuged at 790 × g for 10 min, the cell pellet was 76 

resuspended in a volume of 10 mM PBS that was equal to that of the sputum and the 77 

total cell count of leukocytes was obtained using a haemocytometer.  Cell viability was 78 

determined using the trypan blue exclusion method.  The total and absolute numbers of 79 

cells per millilitre of processed sputum were calculated.  A 100 μl aliquot of the cell 80 

suspension, adjusted to contain a volume of 1 × 106/ml of the processed sputum, was 81 

placed into the cups of a ShandonIII Cytocentrifuge (Shandon Southern Instruments, 82 
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Sewickly, PA, USA), and four preparations were obtained from the sample.  To 83 

perform the cell differential count, the samples were stained with Diff Quick (Mertz 84 

Dade, Switzerland) and stored at -80°C until immunocytochemical analysis[E3].   85 

 86 

Bronchoscopic microsampling and sample processing of epithelial lining fluid 87 

(ELF)  88 

ELF was obtained using the microsampling method as previously 89 

described[E4].  In brief, all subjects underwent bronchial sampling from the main 90 

bronchus using microsampling probes (BC-402C, Olympus, Tokyo, Japan).  Three 91 

probes per subject were used to obtain ELF and all probes were suspended in an aliquot 92 

containing 1 ml of saline and were then gently inverted several times to extract the ELF 93 

from the probes.  The obtained samples were stored at -80°C until analysis. 94 

 95 

Semi-quantification of intracellular reactive persulfide and polysulfide species with 96 

SSP-4 97 

The imaging of intracellular reactive persulfides and polysulfides was 98 

performed using the recently developed SSP-4 according to the manufacturer’s 99 

instructions[E5, E6].  To evaluate the amounts of intracellular reactive persulfides and 100 
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polysulfides in the primary bronchial epithelial cells and lung fibroblasts under basal 101 

conditions, the primary cells were seeded in 96-well black, glass-bottom plates at a 102 

density of 1 × 105 cells/ml and cultured for 48 h.  After the medium was replaced with 103 

growth factor-free keratinocyte serum-free medium or serum-free DMEM for 24 h, the 104 

cells were washed twice with the medium, followed by incubation with 20 μM of SSP-4 105 

in growth factor-free keratinocyte serum-free medium containing 500 μM 106 

cetyltrimethylammonium bromide (CTAB) (Wako Pure Chemical Industries) at 37°C 107 

for 15 min.  The cells were then washed twice with PBS and photographed using a 108 

Nikon confocal microscope C2si (Nikon, Tokyo, Japan) at an excitation wavelength of 109 

485 nm.  The amounts of intracellular reactive persulfide and polysulfide species were 110 

determined by measuring the fluorescence intensities of SSP-4 using a fluorescence 111 

microplate reader (Spectramax M2e, Molecular Device Co. Ltd., Sunnyvale, CA, USA) 112 

at an excitation wavelength of 485 nm, an emission wavelength of 525 nm and a cut-off 113 

wavelength of 515 nm.  Cells treated without SSP-4 were used as negative controls. 114 

 115 

Synthesis of various per/polysulfide adducts of HPE-IAM 116 

Cysteine (CysSH)/cysteine persulfide (CysSSH) and glutathione 117 

(GSH)/glutathione persulfide (GSSH)/glutathione trisulfide (GSSSH) adducts with 118 
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HPE-IAM was synthesized according to the method described in a previous study[E5].  119 

A slight modification was made to use the reaction mixture of various polysulfides with 120 

HPE-IAM.  In brief, 0.5 mM CysSH and GSH were reacted with 0.5 mM NaHS in the 121 

presence of 0.5 mM 1-hydroxy-2-oxo-3-(N-methyl-3-aminopropyl)-3-methyl-1-triazene 122 

(Dojindo Laboratories) in 10 mM Tris-HCl buffer (pH 7.4) at room temperature for 30 123 

min, after which 5 mM HPE-IAM was added to the reaction mixture and was incubated 124 

at room temperature for 20 min, to form their respective CysSH/CysSSH and 125 

GSH/GSSH/GSSSH adducts. Similarly, HPE-IAM adducts of stable isotope-labelled 126 

CysS34SH or GS34SH and GS34S34SH were synthesized by reacting each per/polysulfide 127 

with NaH34S instead of NaH32S.  Various per/polysulfide synthesized adducts were 128 

purified using a HPLC system (Prominence, Shimadzu Corporation, Kyoto, Japan), 129 

because of increased hydrophobicity of polysulfide residues, on a reverse-phase column 130 

(YMC-Triart C18 column, 50 × 2.0 mm inner diameter; YMC, Kyoto, Japan) under the 131 

elution conditions with mobile phases A (0.1% formic acid) and a linear gradient from 132 

5% to 90% of mobile phase B (0.1% formic acid in methanol) in 15 min at a flow rate 133 

of 0.2 ml/min at 40°C. 134 

 135 

Measurement of reactive oxygen species (ROS) and proinflammatory cytokines 136 
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and chemokines production from primary cells under basal condition 137 

To evaluate the production of ROS and proinflammatory cytokines and 138 

chemokines from primary cells under basal conditions, primary bronchial epithelial 139 

cells and primary lung fibroblasts of COPD patients and non-COPD subjects were 140 

seeded in a 96-well black, bottom-grass plate at a density of 1 × 105 cells/ml and 141 

cultured for 48 h.  Then, the cells were stained with CM-H2DCFDA at a final working 142 

concentration of 10 μM for 1 h at 37°C to measure total cellular ROS according to the 143 

manufacturer’s instructions[E7].  After incubation with CM-H2DCFDA, fluorescence 144 

intensities were measured using a fluorescence microplate reader at an excitation 145 

wavelength of 485 nm, an emission wavelength of 525 nm and a cut-off wavelength of 146 

515 nm.  Cells treated without CM-H2DCFDA were used as negative controls.  147 

Fluorescence microscopy images were obtained using a Nikon confocal microscope 148 

C2si at an excitation wavelength of 485 nm.  The amounts of cytokines and 149 

chemokines in the culture media of primary bronchial epithelial cells under basal 150 

conditions were measured using a cytometric bead array kit (BD Biosciences, San Jose, 151 

CA, USA) according to the manufacturer’s instructions.  152 

 153 

Immunostaining against CBS and CSE 154 
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The lung tissues obtained during surgical resection were fixed and sliced at 155 

4-μm thickness.  Slides of cytospin samples were made from sputum cells as described 156 

above.  Briefly, tissue sections were deparaffinized through graded alcohols and 157 

washed in PBS.  After fixation with 4% paraformaldehyde in PBS for 30 min at room 158 

temperature, the tissues and cytospins were permeabilized with 0.1% Triton X-100 159 

(Sigma Aldrich) in 10 mM PBS and a heat-induced antigen retrieval method using Tris 160 

EDTA buffer, an ethylenediaminetetraacetic acid (EDTA) solution buffered at pH 9 (10 161 

mM Tris Base, 1 mM EDTA solution, 0.05% Tween 20, and NaOH to titrate to pH 9), at 162 

120°C for 15 min in an autoclave.  Then, endogenous peroxidases were blocked using 163 

a 3% hydrogen peroxide solution (Wako Pure Chemical Industries) at room temperature 164 

for 30 min.  The tissues and cytospins were blocked using 1% skim milk in 10 mM 165 

PBS for 1 h at room temperature and then rinsed.  The tissues and cytospins were 166 

incubated at 4°C overnight with mouse monoclonal anti-CBS antibody (1:150 dilution), 167 

mouse monoclonal anti-CSE antibody (1:150 dilution), or mouse immunoglobulin G 168 

(IgG) as a negative control.  After washing, the tissues and cytospins were incubated 169 

with goat anti-mouse IgG conjugated with peroxidase-labelled dextran (Dako Japan, 170 

Ltd., Kyoto, Japan) for 1 h at room temperature.  The diaminobenzidine (DAB) 171 

reaction was used to visualize the immunopositive cells, followed by counterstaining 172 
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with haematoxylin.  The slides were viewed by microscopy (Olympus, Tokyo, Japan) 173 

and photographed using a digital camera.  The immunopositive cells in the lung tissues 174 

were semi-quantified using HistoQuest software (TissueGnostics, Vienna, Austria) 175 

according to previous reports[E8].  Briefly, at least five small airways per specimen 176 

were randomly selected and each bronchial epithelium was separated by selecting the 177 

regions of interest (ROI).  Haematoxylin staining was used for cell identification.  178 

The range of intensities of haematoxylin and DAB was set by autodetection of the 179 

software.  Relative intensities were defined as the mean DAB intensities of appropriate 180 

epithelial cells in ROIs.  Cell differentials and immunopositive cells in sputum 181 

cytospins were evaluated by counting at least 500 sputum cells in total by two 182 

investigators without any prior knowledge of the background of the subjects. 183 

 184 

Production of CBS and CSE assessed by western blotting 185 

To examine the production of CBS and CSE in primary bronchial epithelial 186 

cells and lung fibroblasts under basal conditions, the primary cells were seeded and 187 

cultured for 48 h.  After the medium was replaced with growth factor-free keratinocyte 188 

serum-free medium or serum-free DMEM for the next 24 h, the cells were harvested 189 

using cell lysis buffer.  Cell lysates were homogenized for a few seconds using an 190 
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ultrasound sonicator (Toshodenki Co. Ltd, Kanagawa, Japan).  The amounts of 191 

proteins in the cell lysates were quantified using the bicinchoninic acid (BCA) method 192 

according to the manufacturer’s instructions (Thermo Fisher Scientific, Waltham, MA, 193 

USA).  Equal amounts of protein were loaded and separated by electrophoresis on 194 

10% SDS polyacrylamide gels.  After electrophoresis, the separated proteins were 195 

transferred onto a PVDF membrane (Millipore, Tokyo, Japan).  The membranes were 196 

blocked using a blocking reagent (TOYOBO, Osaka, Japan), after which the membranes 197 

were incubated with primary antibodies at 4°C overnight.  The following antibodies 198 

were used for the detection of target proteins: mouse monoclonal anti-CBS antibody 199 

(1:500 dilution), mouse monoclonal anti-CSE antibody (1:500 dilution), mouse 200 

monoclonal anti-β-actin antibody (1:10,000 dilution).  The membranes were washed 201 

three times in TBS (20 mM Tris-HCl, 150 mM NaCl, 0.1% Tween 20, pH 7.6) and were 202 

then incubated with horseradish peroxidase (HRP)-conjugated secondary antibodies for 203 

1 h at room temperature.  After washing three times in TBS, ECL plus a western 204 

blotting reagent (Amersham Biosciences, Buckinghamshire, U.K.) was used to detect 205 

immunoreactive bands using a luminescent image analyser (LAS-4000, Fujifilm, Tokyo, 206 

Japan).  Band intensity was quantified by densitometry (Quantity One software, 207 

Bio-Rad, Hercules, CA, USA)[E5].  208 
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Supplementary table 233 

Table S1. Characteristics of the subjects in the epithelial lining fluid study 234 

  non-COPD COPD p-value 

Subjects (n) 10 13  

Age (y) 69.0 (66.0-73.3) 76.0 (70.5-78.5) 0.068 

M/F  7 / 3   12 / 1  0.281 

Ex-smokers/never-smokers  5 / 5   13 / 0  0.008 

Smoking history (pack-year) 14.1 (0.0-34.3) 44.0 (40.0-71.5) < 0.001 

FVC (L) 3.16 (2.35-3.69) 3.50 (2.91-3.74) 0.038 

FVC %predicted (%) 100.5 (79.3-107.0) 102.4 (91.2-113.8) 0.550 

FEV1 (L) 2.47 (1.96-2.98) 2.17 (1.53-2.50) 0.126 

FEV1 %predicted (%) 94.7 (84.9-102.5) 83.6 (57.8-90.8) 0.018 

FEV1/FVC (%) 79.2 (76.1-83.8) 64.7 (54.8-67.6) < 0.001 

DLCO’ %predicted (%) 101.5 (96.6-148.9) 91.4 (76.3-100.6) 0.018 

DLCO/VA %predicted (%) 108.4 (95.9-118.2) 73.5 (63.5-92.1) < 0.001 

GOLD stage (Ⅰ/Ⅱ/Ⅲ/Ⅳ) - 8 / 4 / 1 / 0  

Treatment  

(LAMA alone / LABA alone) (n) 

 

- 

 

4 / 3 

 

Data are presented as the median (with interquartile ranges).  Data were analysed using 235 

Wilcoxon rank sum test or Fisher’s exact test.  FEV1 = forced expiratory volume in 1 236 

second; FVC = forced vital capacity; DLCO = diffusing capacity of the lung for carbon 237 

monoxide; VA = alveolar volume; LAMA = long-acting muscarinic antagonist; LABA = 238 
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long-acting beta 2 agonist; GOLD = Global Initiative for Chronic Obstructive 239 

Pulmonary Disease.   240 



 

Table S2. Characteristics of the subjects in the immunohistochemical study 241 

  
non-COPD 

never-smoker  

non-COPD 

ex-smoker 

COPD 

ex-smoker 

non-COPD  

never-smoker 

vs. 

non-COPD  

ex-smoker 

p-value   

non-COPD  

never-smoker 

vs. 

COPD  

ex-smoker 

p-value   

non-COPD  

ex-smoker 

vs. 

COPD  

ex-smoker 

p-value   

Subjects (n) 18 14 18       

Age (y) 64 (57.8-74.5) 65 (59.0-70.3) 71.5 (64.8-74.5) > 0.999 0.284 0.169 

M/F 4 / 14 9 / 5 17 / 1 0.0557 < 0.001 0.0953 

Smoking history (pack-year) 0 (0.0-0.0) 32.4 (13.4-42.3) 40.5 (26.0-70.3) < 0.001 < 0.001 > 0.999 

FVC (L) 2.78 (2.38-3.34) 3.49 (2.75-3.91) 3.08 (2.78-3.50) 0.243 > 0.999 0.943 

FVC %predicted (%) 113 (99.0-124.3) 106.9 (98.6-115.9) 94.2 (87.4-107.3) > 0.999 0.014 0.173 

FEV1 (L) 2.2 (1.99-2.72) 2.66 (2.10-2.87) 1.9 (1.50-2.10) 0.843 0.008 < 0.001 

FEV1 %predicted (%) 111.9 (99.9-128.3) 102 (88.2-109.1)  68.7 (65.9-79.3) 0.245 < 0.001 0.004 

FEV1/FVC (%) 81.3 (78.5-87.2) 76.4 (74.1-79.9)  60.8 (52.8-65.6) 0.190 < 0.001 < 0.001 

DLCO’ %predicted (%) 104.8 (73.5-125.1) 90.3 (84.2-99.3) 83.4 (50.5-121.0) > 0.999 0.661 0.955 

DLCO/VA %predicted (%) 98 (94.5-107.0) 88.8 (81.5-99.0) 87.3 (57.1-101.7) 0.179 0.058 > 0.999 

GOLD stage (Ⅰ/Ⅱ/Ⅲ/Ⅳ) - - 4 / 13 / 1 / 0 
   

Treatment  

- - 5 / 3 
   

(LAMA alone / LABA alone) (n)       

Data are presented as the median (with interquartile ranges).  Data were analysed using a Kruskal-Wallis test followed by Dunn’s test 242 
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or χ2 test.  FEV1 = forced expiratory volume in 1 second; FVC = forced vital capacity; DLCO = diffusing capacity of the lung for carbon 243 

monoxide; VA = alveolar volume; LAMA = long-acting muscarinic antagonist; LABA = long-acting beta 2 agonist; GOLD = Global 244 

Initiative for Chronic Obstructive Pulmonary Disease. 245 

 246 



 

Table S3. Characteristics of the subjects in the sputum study 247 

 non-COPD COPD p-value 

Subjects (n) 11 26  

Age (y) 65.0 (62.0-75.0) 71.0 (68.8-75.0) 0.141 

M/F 10 / 1 26 / 0 0.297 

Ex-smokers/never-smokers 6 / 5 26 / 0 < 0.001 

Smoking history (pack-year) 10.0 (0.0-26.3) 58.0 (50.0-80.0) < 0.001 

FVC (L) 3.49 (3.18-3.71) 3.46 (2.66-3.93) 0.640 

FVC %predicted (%) 101.4 (98.6-109.6) 95.7 (77.9-105.7) 0.108 

FEV1 (L) 2.81 (2.69-3.02) 1.83 (1.15-2.20) < 0.001 

FEV1 %predicted (%) 101.3 (97.8-120.5) 63.9 (40.6-76.7) < 0.001 

FEV1/FVC (%) 80.8 (79.9-85.4) 52.5 (41.2-59.2) < 0.001 

DLCO’ %predicted (%) - 87.9 (60.8-107.9)  

DLCO/VA %predicted (%) - 80.7 (54.0-94.8)  

GOLD stage (Ⅰ/Ⅱ/Ⅲ/Ⅳ) - 3 / 12 / 10 / 1  

LAMA (n) - 18  

LABA (n) - 11  

ICS/LABA (n) - 10  

Theophylline (n) - 6  

Data are presented as the median (with interquartile ranges).  Data were analysed using 248 

Wilcoxon rank sum test or Fisher’s exact test.  FEV1 = forced expiratory volume in 1 249 

second; FVC = forced vital capacity; DLCO = diffusing capacity of the lung for carbon 250 
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monoxide; VA = alveolar volume; LAMA = long-acting muscarinic antagonist; LABA = 251 

long-acting beta 2 agonist; ICS = inhaled corticosteroid; GOLD = Global Initiative for 252 

Chronic Obstructive Pulmonary Disease. 253 
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Table S4. Total cell counts and cell differentials in the sputum  254 

    non-COPD COPD p-value 

Total cell counts (× 105/ml) 3.5 (0.6-6.0) 14.6 (5.4-29.5) 0.002 

Macrophages  (%) 50.0 (40.0-57.4) 20.5 (9.4-45.6) 0.005 

Neutrophils  (%) 50.0 (41.2-58.9) 73.3 (49.0-89.9) 0.008 

Eosinophils  (%) 0.9 (0.0-2.4) 1.7 (0.2-2.8) 0.469 

Lymphocytes  (%) 0.0 (0.0-0.8) 0.0 (0.0-0.9) 0.670 

Data are presented as the median (with interquartile ranges).  Data were analysed using 255 

Wilcoxon rank sum test. 256 

  257 
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Table S5. Multiple reaction monitoring (MRM) parameters of various 258 

β-(4-hydroxyphenyl) ethyl iodoacetamide (HPE-IAM) adducts used for liquid 259 

chromatography-tandem mass spectrometry (LC-MS/MS) analysis  260 

HPE-IAM adducts Polarity Precursor ion (m/z) Product ion (m/z) Collision energy (V) 

CysSH + 298.9 121.0 -29 

[13C1]CysSH + 299.9 121.0 -29 

CysSSH + 330.8 121.0 -29 

CysS34SH + 332.8 121.0 -29 

GSH + 484.9 356.3 -18 

[15N2 13C1]GSH + 488.1 359.3 -18 

GSSH + 516.9 388.3 -18 

GS34SH + 518.9 390.1 -18 

GSSSH + 549.1 420.1 -29 

GS34S34SH + 553.1 423.9 -29 

MRM parameters for each HPE-IAM adduct of different per/polysulfides, including 261 

their stable isotope-labelled derivatives are shown.  262 



 

 

23 
 

Table S6. Multiple regression analyses of independent variables including sex, 263 

smoking history and COPD disease status for each measurement. 264 

Figure 1: SSP-4 relative intensities 

measurements 

COPD 

disease 

status 

Wilcoxon 

p-value 

Multiple regression analyses 

COPD disease status Sex Smoking history 

regression 

coefficient 
p-value 

regression 

coefficient 
p-value 

regression 

coefficient 
p-value 

A: epithelial 

cell SSP-4 
<0.001  -123.598  0.001  7.999  0.810  -0.092  0.823  

B: fibroblast 

SSP-4 
0.030  -26.646  0.118  -24.770  0.168  0.075  0.715  

Figure 2: Intracellular reactive persulfide species in primary bronchial epithelial cells 

A: GSSH 0.008  -23.334  0.081  8.663  0.511  -0.291  0.176  

B: CysSSH 0.007  -11.095  0.040  -2.537  0.684  0.041  0.752  

C: GSH 0.208  13.038  0.341  19.685  0.107  -0.604  0.008  

D: CysSH 0.070  -1.905  0.258  -1.478  0.373  0.028  0.431  

Figure 3: Production of ROS, proinflammatory cytokines and chemokines 

B: epithelial 

cell H2DCFDA 
0.029  18.035  0.010  -2.792  0.538  -0.034  0.455  

D: fibroblast 

H2DCFDA 
0.015  11.379  0.033  -3.049  0.512  -0.033  0.628  

E: IL-8 0.030  363.913  0.016  -23.876  0.847  -2.174  0.204  

F: IL-1b 0.016  17.679  0.014  -4.727  0.366  -0.040  0.680  

G: IL-6 0.016  65.424  0.125  -0.967  0.969  -0.366  0.624  

H: MCP-1 0.032   41.583  0.210  -13.357  0.738  0.498  0.438  

Figure 4: Extracellular reactive persulfide and polysulfide species in ELF 

A: GSSH 0.004  -28.946  0.336  -57.490  0.077  -0.311  0.513  

B: CysSSH 0.749  -0.038  0.990  -1.758  0.596  -0.045  0.373  

C: GSSSH 0.004  -2.507  0.236  -2.393  0.280  -0.017  0.610  

D: GSH 0.002  -10.900  0.242  -28.668  0.007  -0.092  0.528  

E: CysSH 0.442  0.023  0.943  -0.547  0.116  -0.003  0.543  

Figure 6: CBS and CSE in sputum cells 

C: CBS <0.001 13.140  0.167  -2.353  0.902  0.024  0.867  
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D: CSE 0.002  1.000  0.388  0.036  0.988  0.025  0.161  

Figure 5: Localization of CBS and CSE in lungs 

measurements 

COPD 

disease 

status 

Kruskal-Wallis 

p-value 

Multiple regression analyses 

non-COPD 

 ex-smokers 

non-COPD 

never-smokers 
Sex Smoking history 

regression 

coefficient 

p-value 

regression 

coefficient 

p-value 

regression 

coefficient 

p-value 

regression 

coefficient 

p-value 

C: CBS <0.001 -25.866  0.000  -37.464  0.000  -3.839  0.519  -0.210  0.104  

D: CSE <0.001 -29.476  0.000  -31.615  0.001  -3.378  0.618  -0.024  0.866  
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Supplementary figure legends 266 

Supplementary figure S1. Schematic representation of liquid 267 

chromatography-electrospray ionization tandem mass spectrometry (LC-ESI-MS/MS) 268 

analysis using β-(4-hydroxyphenyl) ethyl iodoacetamide (HPE-IAM).  Cysteine 269 

(CysSH) and cysteine persulfide (CysSSH), and glutathione (GSH) and glutathione 270 

persulfide (GSSH) were derivatized with HPE-IAM, followed by LC-ESI-MS/MS 271 

analysis: their multiple reaction monitoring (MRM) parameters are provided in table S5. 272 

 273 

Supplementary figure S2. Representative LC-ESI-MS/MS chromatograms of various 274 

metabolites in primary bronchial epithelial cells, including GSS-HPE-IAM adducts (A), 275 

CysSS-HPE-IAM (B) with their MS/MS profiles.  Glutathione hydropersulfide 276 

(GSSH) and cysteine hydropersulfide (CysSSH) were derivatized with HPE-IAM.  277 

Upper panels: MS/MS chromatograms of GSS-HPE-IAM (m/z 516.9 → 388.3) and 278 

CysSS-HPE-IAM (m/z 330.8 → 121.0) adducts; lower panels: their corresponding 279 

stable isotope-labelled internal standards. 280 

 281 

Supplementary figure S3. Representative LC-ESI-MS/MS chromatograms of various 282 

metabolites in epithelial lining fluid (ELF) samples, including GS-HPE-IAM adducts 283 
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(A), GSS-HPE-IAM adducts (B), GSSS-HPE-IAM (C) with their MS/MS profiles.  284 

Glutathione, glutathione hydropersulfide (GSSH) and glutathione hydrotrisulfide 285 

(GSSSH) were derivatized with HPE-IAM.  Upper panels: MS/MS chromatograms of 286 

GS-HPE-IAM (m/z 484.9 → 356.3), GSS-HPE-IAM (m/z 516.9 → 388.3), and 287 

GSSS-HPE-IAM (m/z 549.1 → 420.1) adducts; lower panels: their corresponding 288 

stable isotope-labelled internal standards. 289 

 290 

Supplementary figure S4. Increased production of cystathionine beta-synthase 291 

(CBS) and cystathionine gamma-lyase (CSE) in primary bronchial epithelial cells 292 

and primary lung fibroblasts from COPD patients.  Primary bronchial epithelial 293 

cells from COPD patients (n = 5) and non-COPD subjects (n = 6) were cultured and 294 

whole cell lysates were harvested.  The amounts of CBS (A) and CSE (B) under the 295 

unstimulated condition were evaluated by western blotting.  Primary lung fibroblasts 296 

from COPD patients (n = 5) and non-COPD subjects (n = 5) were cultured.  The 297 

amounts of CBS (C) and CSE (D) were also evaluated by western blotting.  Data are 298 

presented as the median (with interquartile ranges).  Data were analysed using a 299 

Wilcoxon rank sum test.   300 

  301 
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Supplementary figure 302 

Supplementary figure S1 303 

  304 
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Supplementary figure S2 305 

 306 

  307 
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Supplementary figure S3 308 

  309 
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Supplementary figure S4 310 

 311 


