
Supplementary Materials and Methods 

 

DNA / RNA extraction 

Bronchial biopsies were taken from segmental divisions of the main bronchi and immediately 

frozen in Tissue-Tek (VWR, Radnor, PA) at -80°C. After thawing at room temperature, biopsies 

were cut from the blocks when they were semi-solid. Samples were lysed in 600 μl RLT-plus using 

a IKA Ultra Turrax T10 Homogenizer. Total genomic DNA was extracted using AllPrep 

DNA/RNA/miRNA Universal Kit, according to the manufacturer’s instructions (Qiagen, Venlo, the 

Netherlands). DNA samples were dissolved in 30 µl elution buffer. Concentrations of DNA were 

measured in 1 μl of fluid using a Nanodrop-1000 and in 2 μl of fluid run on a Labchip GX (Perkin 

Elmer, Waltham, MA).   

 

DNA methylation: Sample preparation and Hybridization protocol 

DNA samples were purified by a precipitation step, rinsed with ethanol (70%) and dissolved in 

elution buffer. Then, samples were treated with sodium bisulfite to convert unmethylated cytosine 

bases into uracil. This was followed by a PCR-free whole genome amplification, after which the 

treated DNA was hybridized to the Infinium HumanMethylation450 BeadChip array (450k array). 

After hybridization, allele-specific single-base extension incorporated a fluorescent label for 

detection of methylated and unmethylated sites. The conversion and hybridization protocol was 

performed according to the manufacturer’s instructions (Illumina, San Diego, CA). 

Every beadchip was run with a control sample of blood DNA from a single female, which was used 

to assess the efficiency of the normalization procedure by verifying that the among sample variance 

was minimized. We used a randomized block design, where samples were assigned to blocks based 

on subject group, smoking status and gender, and randomized within blocks. 

 

DNA methylation: Quality control, sample filtering, probe filtering and normalization 

Raw intensity values were read from IDAT-files, and converted to beta values using the minfi-

package [1]. We identified bad quality samples using the R-package MethylAid, based on five 

diagnostic filter variables with the following thresholds; MU = 10.5, OP = 11.75, BS = 12.5, HC = 

13.25, and DP = 0.95 [2]. Genotypes from 65 SNP probes on the 450k array were compared to 

previously acquired genotypes from blood samples and discordant samples were discarded as 

swapped or contaminated samples and excluded from the analysis.  

We excluded probes where >1% of samples had intensities indistinguishable from background 

levels at P = 0.05, probes which were crossreactive [following 3], probes which have SNPs with 

MAF > 10% at the interrogation or extension site, and type I probes which displayed high intensity 



signals [following 4]. In addition, we excluded all sex linked probes. The probe filtering procedure 

resulted in the removal of 48,059 unreliable probes (10 %). After probe-and sample-filtering, raw 

beta-values were background-corrected and normalized using the dasen method from the 

wateRmelon-package [5].  

 

DNA methylation: Correction for cell type composition 

We investigated how corrections for cell type composition affected the results for a subset of 

differentially methylated CpG sites. We estimated surrogate variables from our DNA methylation 

levels as implemented in the sva package and added those to our basic model as covariates [6]. This 

is a reasonable alternative to deconvolution using reference cell type profiles [7]. We reran the 

linear modelling analysis and monitored how this impacted the significance of the differential 

methylation in the contrasts.   

 

RNA sequencing: Sample preparation and sequencing 

RNA samples were further processed using the TruSeq Stranded Total RNA Sample Preparation Kit 

(Illumina, San Diego, CA), using an automated procedure in a Caliper Sciclone NGS Workstation 

(PerkinElmer, Waltham, MA). In this procedure, all cytoplasmic and mitochondria  rRNA was 

removed (RiboZero Gold kit). The obtained cDNA fragment libraries were loaded in pools of 

multiple samples unto an Illumina HiSeq2500 sequencer using default parameters for paired-end 

sequencing (2 × 100 bp). 

 

RNA sequencing: Gene expression quantification 

The trimmed fastQ files where aligned to build b37 of the human reference genome using HISAT 

(version 0.1.5) allowing for 2 mismatches [8]. Before gene quantification SAMtools (version 1.2) 

was used to sort the aligned reads [9]. The gene level quantification was performed by HTSeq 

(version 0.6.1p1) using Ensembl version 75 as gene annotation database [10].   

 

RNA sequencing: Quality Control 

Quality control (QC) metrics were calculated for the raw sequencing data, using the FastQC tool 

(version 0.11.3) [11]. Alignments of 220 subjects were obtained. QC metrics were calculated for the 

aligned reads using Picard-tools (version 1.130) (URL http://picard.sourceforge.net) 

CollectRnaSeqMetrics, MarkDuplicates, CollectInsertSize-Metrics and SAMtools flagstat. We 

discarded 36 samples due to poor alignment metrics. In addition, we checked for concordance 

between sexlinked (XIST and Y-chromosomal genes) gene expression and reported sex. All samples 

were concordant. This resulted in high quality RNAseq data from 184 subjects. 
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