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Supplementary materials and methods 

Study population 

We studied 20 patients with COPD, diagnosed and graded severity according to the guidelines 

of the Global Initiative for Obstructive Lung Disease (1). Patients were in a stable condition 

without acute exacerbations within 3 months, defined as no requirement for antibiotic or oral 

corticosteroid therapy and no change in respiratory symptoms. Patients were excluded if they 

had known asthma, bronchiectasis, tuberculosis, pneumoconiosis, heart disease, malignancy, or 

other infectious, inflammatory or metabolic conditions. We also recruited 10 nonsmoker 

control subjects and 10 smoker control subjects whose FEV1 values were greater than 80% of 

predicted and FEV1/FVC ratios were greater than 75%.  

This study was approved by the institutional review board of the Chang Gung Memorial 

Hospital (Taipei, Taiwan). All patients and control subjects signed an informed consent 

document before study inclusion.  

Peripheral blood mononuclear cells 

Peripheral blood mononuclear cells (PBMCs) were separated from whole blood by 

Ficoll-Hypaque density gradient centrifugation as described previously (2, 3). Mononuclear 

cells at the interface were harvested, washed twice. Cells were pelleted and directly stored at 

-70°C or resuspended in Iscove's modified Dulbecco's medium (IMDM). The latter cells were 

incubated in 24-well culture plate at 1x106/ml for 18 hours. The cultured supernatants were 
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collected for determination of IL-8/CXCL8. In some experiments, H2O2 (0-300 M) was used 

to stimulate the cells.  

Western blotting 

Total cellular proteins were extracted from cell pellet in lysis buffer (50 mM Tris-HCl, pH 7.4, 

150 mM NaCl, 1% NP-40, 0.25% sodium deoxycholate, protease inhibitor cocktail; Boehringer 

Mannheim, Lewes, UK); 40 g of soluble proteins from the cell lysate was resuspended in 4X 

Laemmli sample buffer. Proteins were subjected to 10% SDS-polyacrylamide gel 

electrophoresis and blotted onto nitrocellulose filters. NRF was detected with the specific 

anti-NRF antibody (4) and an alkaline phosphatase-conjugated anti-rabbit secondary antibody 

(1:10000 dilution, Calbiochem, La Jolla, CA). Blots were incubated with enhanced 

chemiluminescence solution (LumiGLO, Bioscience). Images were acquired and analyzed 

using G:BOX (Syngene Frederick, MD). The specificity of NRF was shown in Figure S3. 

Immunostaining and Confocal Laser Microscopic Analysis 

PBMCs were plated onto 24mm diameter round coverslips in 6-well plates and were fixed in 

methanol at -20oC for 5 min. The cells were then blocked with 1% BSA/PBS at room 

temperature for 30 min and incubated with the rabbit anti-human NRF antibody, rabbit anti-p65 

antibody,  or a pre-immune rabbit IgG at room temperature for 1 h (4). After washing, the cells 

were incubated with a Cy3-conjugated anti-rabbit antibody (Chemicon International Inc., 

Temecula, CA) at room temperature for 1 h. After washing, the cells were incubated with 



4 
 

Hoechst dye (Sigma Chemical Co., St. Louis, MO) at room temperature for 2 min. After 

washing and air-drying, the cells were mounted on slides with anti-fade mounting medium 

(DAKO, Japan Co., Ltd.). Images were acquired with a confocal laser-scanning microscope 

(Leica, Exton, PA) and analyzed by Metamorph Image Analysis (Universal Imaging, West 

Chester, PA). 

Enzyme-Linked Immunosorbent Assay (ELISA) 

IL-8/CXCL8 protein concentrations in the supernatants, diluted by 50-fold, were measured by a 

commercial ELISA kit (R&D Systems, Minneapolis; MN) according to the manufacturer’s 

instructions.  

NF-κB DNA binding ELISA 

DNA binding activity of NF-κB p65 was measured using TransAM NF-κB p65 kits (Active 

Motif, Carlsbad, CA) according to the manufacturer’s instructions. Briefly, 20 μg of nuclear 

protein samples were incubated for 1 h in a 96-well plate coated with an oligonucleotide that 

contains a NF-κB consensus binding site (5´-GGGACTTTCC-3´), to which NF-κB contained 

in nuclear extracts specifically binds. After washing, an antibody specific for p65 (1:1000 

dilution) was added to these wells and incubated for 1 h. Following incubation for 1 h with a 

secondary HRP-conjugated antibody (1:1000 dilution), specific binding was detected by 

colorimetric estimation at 450 nm with a reference wavelength of 655 nm. 

Reverse Transcriptase-Polymerase Chain Reaction (RT-PCR) 
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RT-PCR were performed essentially as previously described (4).Total RNA was isolated from 

cells using Trizol Reagent (Life Technologies, Rochville, MD) according to the manufacture’s 

instruction. cDNA was reverse-transcribed from isolated RNA by incubating 200 ng 

DNase-treated RNA with the first strand synthesis kit from Advanced Biotechnologies Ltd 

(Surrey, UK) following the manufacturer’s instructions. PCR reaction was run in amplification 

buffer containing 1.5 mM MgCl2, 10 pmol each of forward and reverse primers, 2.5 units of 

KlenTaq polymerase (Clontech, Palo Alto, CA, U.S.A.), 1 mM dNTP, and 10 l of the RT 

reaction products in a 25 l volume. The samples were denatured at 94 °C for 5 min followed 

by 35 cycles of annealing and extension at 94°C for 30 s, 60°C for 30 s, and 72°C for 30 s, and 

extra-extension at 72°C for 10 min. For GAPDH, which was stable among all groups (Figure S4) 

and was used as internal control, the melting temperature was 58°C and 25 cycles were used. 

The PCR primers for NRF mRNA (forward, 5’-CCA AAT TCC ATG CGA GAC CTC G-3’ and 

reverse, 5’-TAT TTT TGG GGA TGT CGG CAG G-3’) and GAPDH mRNA (forward, 5’-CCA 

TGG AGA AGG CTG GGG-3’ and reverse, 5’-CCA AGT TGT CAT GGA TGA CC-3’) were 

synthesized by GIBCO-BRL (Gaithersburg, MD). The amplified products were run on a 2% 

agarose gel. The gel was stained with ethidium bromide and photographed.  

Quantitative Real Time Polymerase Chain Reaction (qPCR) 

qPCR were performed essentially as previously described (4). qPCR was performed in a 

LightCycler® 2.0 System (Roche Applied Science, Indianapolis, IN) using LightCycler® DNA 
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Master SYBR Green I (Roche Applied Science, Indianapolis, IN). PCR mixtures contained 0.5 

µM each of forward and reverse primers. The samples were denatured at 95 °C for 10 min 

followed by 45 cycles of annealing and extension at 95 °C for 15 s, 60°C for 5 s, and 72 °C for 

10 s. Melting curves were obtained at the end of amplification by cooling the samples to 65 °C 

for 15 s followed by further cooling to 40°C for 30 s. Data were analyzed by standard curve 

method of relative quantification using the LightCyclerTM analysis software. In ChIP assays, 

values were normalized to input DNA and were expressed as relative values to the input control. 

qPCR products were further confirmed by gel electrophoresis and melting curve analysis. The 

primers used in ChIP assays were: the IL-8/CXCL8 promoter: forward, 5’-GGG CCA TCA 

GTT GCA AAT C -3’; reverse, 5’-TTC CTT CCG GTG GTT TCT TC -3’; the IL-8/CXCL8 

3’UTR: forward, 5’-AGG TTC AAG CAG TTT TCC-3’; reverse, 5’-CTG TAA TCT CAG 

CAC TTT GG-3’. 

Determination of Oxidative Stress 

Oxidative stress in PBMCs was determined by using DCFH as a probe. Isolated PBMCs were 

washed with PBS and incubated in 2 ml of fresh culture medium without FBS. DCFH-DA were 

added at a final concentration of 10 M and incubated for 20 minutes at room temperature. The 

cells were then washed twice with PBS and maintained in 1 ml culture medium.  Fluorescence 

from DCF, a green fluorescent oxidation product of DCFH, was analyzed with a FACScan flow 

cytometer equipped with an argon ion laser (excitation 488 nm, emission 610 nm). Off-line 



7 
 

analysis was performed using QUEST software. 

Chromatin-immunoprecipitation assay (ChIP Assay)   

ChIP assays were preformed as described previously (4, 5). Formaldehyde-fixed and 

sonication-sheared protein-DNA complexes were was immunoprecipitated at 4°C overnight on 

a rotator by using antibodies specific for NRF (5g) (4) and RNA Pol 2 (5 g, Abcam, 

Cambridge, MA) followed by 1 h incubation for 30 min at 4°C with 60 l salmon sperm 

DNA/protein A agarose-50% slurry. Protein-bound immunoprecipitated-DNA (IP-DNA) was 

sequentially washed once with low salt immune complex wash buffer (0.1% SDS, 1% Triton 

X-100, 2 mM EDTA, 20 mM Tris-HCl, pH 8.1, 150 mM NaCl), high salt immune complex 

wash buffer (0.1% SDS, 1% Triton X-100, 2 mM EDTA, 20 mM Tris-HCl, pH 8.1, 500 mM 

NaCl), LiCl immune complex wash buffer [0.25M LiCl, 1% IGEPAL-CA630, 1% deoxycholic 

acid (sodium salt), 1 mM EDTA, 10 mM Tris, pH 8.1] and twice with TE buffer (10 mM Tris, 1 

mM EDTA, pH 8.0). Immune complexes were eluted twice by adding 250 l elution buffer (1% 

SDS/0.1 M NaHCO3) at room temperature for 15 min. DNA-protein crosslinks were reversed 

by incubation for 4 h at 65°C in 200 mM NaCl/1% SDS and proteins were digested by 

incubation for 1 h at 45°C with 70 μg/ml proteinase K (Sigma Chemical Co., St. Louis, MO). 

DNA was isolated with phenol/chloroform, precipitated with ethanol/0.3 M NaHCOOH/20g 

glycogen, and was resuspended in 50 l of nuclease free water. qPCR was performed with 7 l 

of DNA sample for quantification. Pre-immune rabbit IgG (IgG control, Santa Cruz 
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Biotechnology Inc., Santa Cruz, CA) was used to demonstrate the specificity of the antibodies. 

Primer pairs amplifying an unrelated site in the 3’ untranslated region of the IL-8/CXCL8 gene 

(3’ UTR) were also used to confirm the site specificity of the assay. 

NRF over-expression and RNA interference 

The full length NRF expression vector pNRF was obtained from OriGene Technologies, Inc. 

(Rockville, MD) which was constructed by inserting human NRF cDNA (accession number 

NM_017544.1) into pCMV6-XL4 vector (pCMV). siRNA (siNRF, siCONTROL) and plasmin 

DNA (pCMV, pNRF) were introduced into PBMCs by nucleofection using monocyte 

Nucleofector kits (Amaxa Inc., Gaithersburg, MD) following the manufacturer’s optimized 

protocols as previously described (4). After nucleofection, the cells were incubated in complete 

medium for 48 h (for siNRA) or 24 h (for plasmid DNA).   

Statistics 

Data were analyzed with the GraphPad Prism 5.01 software package (GraphPad Software, San 

Diego, CA). Results were expressed as the mean ± SEM. Analysis of variance was performed 

using the nonparametric Kruskal-Wallis test. When the result was significant, the Dunn's 

multiple comparison test was performed to compare all pairs of variances and post test for 

linear was also performed. Spearman’s correlation coefficients were performed to evaluate the 

relationships of NRF expression and IL-8/CXCL8 production, of NRF and RNA Pol2 

occupancy at the IL-8/CXCL8 promoter, of oxidative stress and NRF expression and of 
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oxidative stress and IL-8/CXCL8 production. For the in vitro experiments, the one way 

ANOVA with Dunnett's multiple comparison test was performed to compare all groups vs. the 

control and the paired t-test was used to compare the same group before and after treatments. 

Differences were considered significant when the P value was < 0.05.  
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Online figure legends 

 

Figure S1. Ratio of monocytes to lymphocytes in PBMCs. Numbers of monocytes and 

lymphocytes in PBMCs of NSC subjects (NSC, n = 9), SC subjects (SC, n = 7) and patients 

with GOLD stage 1-2 (GOLD 1-2, n = 10) and GOLD stage 3-4 (GOLD 3-4, n = 10) COPD 

were determined by FACS scan. Data was represented as mean ± SEM of ratio of monocytes to 

lymphocytes. The ration was not different among study groups. 

 

Figure S2. Effect of NRF knockdown and over-expression on NF-B activation and NRF 

promoter binding. (A, B) p65 TransAM analysis of NF-B DNA binding activity in nuclear 

extracts of PBMCs from GOLD stage 3-4 COPD patients transfected with siCONTROL 

Non-Targeting siRNA (scramble) or siRNA targeting NRF (siNRF) (A) or from normal 

subjects transfected with the empty vector (pCMV) or the NRF expression plasmid (pNRF). 

Data are mean ± SEM from 3 independent experiments using cells from different subjects, 

arbitrary units. (C) ChIP assay analysis of primary PBMCs from normal subjects transfected 

with pCMV and pNRF using antibodies specific for NRF. QPCR was used to quantify the 

IP-DNA with the primer pairs amplifying a region including the NRE of the IL-8/CXCL8 

promoter. Data were normalized by the input control and were expressed as the ratio to the input 

control. A representative data from 2 normal subjects in independent experiments with similar 
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results was shown. 

 

Figure S3. Specificity of the antibody for NRF. One example of a full size scan of 

immunoblot analysis of NRF expression in PBMC lysates of subjects with and without COPD. 

A single band around the predicted molecular mass of 77 kDa (6) was seen in the scan. 

 

Figure S4. Validation of stability of GAPDH as an internal control gene in PBMCs of 

subjects with and without COPD. Quantification of GAPDH mRNA in PBMCs from NSC 

subjects (NSC, n = 9), SC subjects (SC, n = 7) and patients with GOLD stage 1-2 (GOLD 1-2, n 

= 11) and GOLD stage 3-4 (GOLD 3-4, n=9) COPD by densitometry analysis of RT-PCR. Data 

were presented as mean ± SEM, arbitrary units. Kruskal-Wallis test, P = 0.077.  

 

Figure S5. A model depicting the implication of reduced NRF in the augmented 

inflammation of COPD. (A) In normal PBMC, low NF-κB activity was controlled by NRF, 

leading to low constitutive production of IL-8/CXCL8. (B) NRF also inhibits the promoter in 

response to lower concentration H2O2-induced NF-κB. (C) In COPD PBMC, being similar to 

normal PBMC stimulated with higher concentration of H2O2, oxidative stress not only 

stimulates NF-κB but also releases the promoter from repression by NRF, and thus augments 

the production of IL-8/CXCL8. 
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Figure S1 
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 Figure S3 

 

 



16 
 

Figure S4 
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Figure S5 

 

 

 

 

 

 

 


