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Supplemental Methods

Inclusion and Exclusion Criteria

Healthy nonsmokers 
Inclusion criteria
· Males and females, at least 18 years old

· Provide informed consent

· Good health without history of chronic lung disease, including asthma, and without recurrent or recent (within 3 months) acute pulmonary disease

· Normal physical examination

· Normal routine laboratory evaluation, including general hematological studies, general

serological and other immunological studies, general biochemical analyses, and urine analysis

· HIV negative

· Normal PA and lateral chest X-ray

· Normal electrocardiogram (sinus bradycardia, premature atrial contractions are permissible)

· Not pregnant (females)

· No history of allergies to medications used in the bronchoscopy procedure

· Not taking any medications relevant to lung disease or having an effect on the airway

epithelium

· Willingness to participate in the study

· Self-reported nonsmokers, with smoking status validated by the absence of nicotine and

cotinine in urine

Exclusion criteria

· Unable to meet the inclusion criteria

· Current active infection or acute illness of any kind

· Alcohol or drug abuse within the past 6 months

· Evidence of malignancy within the past 5 years

Healthy smokers

Inclusion criteria
· Males and females, at least 18 years old

· Provide informed consent

· Good health without history of chronic lung disease, including asthma, and without recurrent or recent (within 3 months) acute pulmonary disease

· Normal physical examination

· Normal routine laboratory evaluation, including general hematological studies, general

serological and immunological studies, general biochemical analyses, and urine analysis

· HIV negative

· Normal PA and lateral chest X-ray

· Normal electrocardiogram (sinus bradycardia, premature atrial contractions are permissible)

· Not pregnant (females)

· No history of allergies to medications used in the bronchoscopy procedure

· Not taking any medications relevant to lung disease or having an effect on the airway epithelium

· Willingness to participate in the study

· Self-reported current daily smokers validated by urine nicotine >20 ng/ml and/or cotinine >30 ng/ml

Exclusion criteria
· Unable to meet the inclusion criteria

· Current active infection or acute illness of any kind

· Alcohol or drug abuse within the past 6 months

· Evidence of malignancy within the past 5 years

COPD smokers

Inclusion criteria
· Males and females, age 18 or older

· Provide informed consent

· Not pregnant (females)

· Selfreported current daily smokers validated by urine nicotine >20 ng/ml and/or cotinine >30 ng/ml

· Taking any or no pulmonary-related medication, including beta-agonists, anticholinergics, or inhaled corticosteroids

· Normal routine laboratory evaluation, including general hematological studies, general serological/immunological studies, general biochemical analyses, and urine analysis

· HIV negative

· Presence of COPD as defined by the GOLD criteria based on postbronchodilator FEV1/FVC <0.7 (observed); stage I to IV but without evidence of respiratory failure

· Normal electrocardiogram (sinus bradycardia, premature atrial contractions are permissible)

· Normal estimated pulmonary artery pressure assessed by diameter of the main pulmonary artery ≤ 30 mm in chest CT scans

· Normal chest X-ray (PA and lateral)

· No history of allergies to medications used in the bronchoscopy procedure

· Willingness to participate in the study 

Exclusion criteria
· Unable to meet the inclusion criteria

· Individuals in whom participation in the study would compromise the normal care and expected progression of their disease

· Current active infection or acute illness of any kind

· Current alcohol or drug abuse 

· Evidence of malignancy within the past 5 years 

· Any evidence of interstitial lung disease, pulmonary hypertension, diastolic dysfunction or other disorders associated with a low diffusing capacity of carbon monoxide (DLCO)
· Individuals with asthma and with recurrent or recent (within 3 months) acute pulmonary infection

Sampling of large and small airway epithelium


Large airway epithelium (LAE) was collected by brushing 3rd to 4th order bronchi1 and Small airway epithelium (SAE) was collected by brushing 10th to 12th order bronchi.2 The cells were removed from the brush by flicking it into 5 ml of ice-cold LHC8 medium (GIBCO, Grand Island, NY, USA). A 0.5 ml aliquot was used to determine the number of cells recovered and the cell differentials recovered and 4.5 ml were immediately processed for RNA extraction. Large airway basal cells were purified by culturing LAE epithelial cells on plastic flask.3 
Large airway epithelium and small airway epithelium RNA processing and quality control


An aliquot of the total RNA extracted from the LAE and SAE was used to determine RNA integrity (Agilent Bioanalyzer, Agilent Technologies, Palo Alto, CA, USA) and concentration (NanoDrop ND-1000 spectrophotometer, NanoDrop Technologies, Wilmington, DE). For processing on HG-U133 Plus 2.0 microarrays (Affymetrix), total RNA (1 to 2 µg) was used to synthesize double stranded cDNA, and Affymetrix kits (Santa Clara, CA, USA) were used to quantify the biotin-labeled cDNA yield.
 ADDIN REFMGR.CITE 
4,5
 RNA was hybridized on the arrays with probes for >54,000 genome-wide transcripts, using Affymetrix protocols, hardware and software4. Microarray quality was verified by signal intensity ratio of GAPDH 3' to 5' probe sets ≤3.0 and multichip normalization scaling factor ≤10.0
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. For RNA-Seq, a RNA aliquot was processed as previously described.
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  mRNA libraries, RNA fragments and cDNA were synthesized per protocol (Illumina, San Diego, CA). The cDNA was processed using Illumina flowcell for either single end, 43 nucleotide, sequencing reactions (SAE),6 or paired-end sequencing reaction by Illumina HiSeq 2000 (large airway basal cell).
 ADDIN REFMGR.CITE 
7

Large airway epithelium and small airway epithelium gene expression analysis 


For the microarray data, the MAS5 algorithm (GeneSpring version 7.3, Affymetrix Microarray Suite Version 5) was used to normalize the data per array to the median expression value of each sample. OSGIN1 gene expression levels were compared in healthy smokers and healthy nonsmokers. For RNA-Seq of SAE data, resultant reads were aligned to the reference genome build UCSC hg19 using Bowtie v 0.12. The data was then processed with Python scripts to assign aligned reads to the coordinates of exons and genes. Mean read density values for exons, introns, and intergenic regions were computed in units of reads per kilobase of exon/intron/intergenic per million mapped reads (RPKM). Genes with RPKM ≥0.125 were scored as expressed and considered for analysis.6 For RNA-Seq of large airway basal cell data, the analysis was done using Bowtie (v0.12.9.0), Tophat (v2.0.4) and Cufflinks (v2.0.2) by converting the raw paired-end reads into fragments per kilobase of exon per million fragments sequenced (FPKM), where reads generated were directly proportional to transcript relative abundance, and then mapping it to the reference genome build UCSC hg19. Genes with FPKM ≥0.0375 were scored as expressed and considered for analysis.
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Table S1. Common autophagy associated genes.1
	Probeset ID
	Gene symbol2
	Gene title2

	201471_s_at
	SQSTM1
	sequestosome 1

	209644_x_at
	CDKN2A
	cyclin dependent kinase inhibitor 2A

	224621_at
	MAPK1
	mitogen-activated protein kinase 1

	211458_s_at
	GABARAPL1 or  GABARAPL3
	GABA type A receptor associated protein like 1 or GABA type A receptor associated protein like 3 pseudogene

	202492_at
	ATG9A
	autophagy related 9A

	203685_at
	BCL2
	BCL2, apoptosis regulator

	228190_at
	ATG4C
	autophagy related 4C cysteine peptidase

	210817_s_at
	CALCOCO2
	calcium binding and coiled-coil domain 2

	223677_at
	ATG10
	autophagy related 10

	225363_at
	PTEN
	phosphatase and tensin homolog

	204062_s_at
	ULK2
	unc-51 like autophagy activating kinase 2

	202033_s_at
	RB1CC1
	RB1 inducible coiled-coil 1

	213115_at
	ATG4A
	autophagy related 4A cysteine peptidase

	203241_at
	UVRAG
	UV radiation resistance associated

	202763_at
	CASP3
	caspase 3

	226871_s_at
	ATG4D
	autophagy related 4D cysteine peptidase

	202511_s_at
	ATG5
	autophagy related 5

	210428_s_at
	HGS
	hepatocyte growth factor-regulated tyrosine kinase substrate

	221478_at
	BNIP3L
	BCL2 interacting protein 3 like

	225022_at
	GOPC
	golgi associated PDZ and coiled-coil motif containing

	224187_x_at
	HSPA8 or SNORD14C or SNORD14D
	heat shock protein family A (Hsp70) member 8 or small nucleolar RNA, C/D box 14C or small nucleolar RNA, C/D box 14D

	212740_at
	PIK3R4
	phosphoinositide-3-kinase regulatory subunit 4

	224891_at
	FOXO3
	forkhead box O3

	204568_at
	ATG14
	autophagy related 14

	209112_at
	CDKN1B
	cyclin dependent kinase inhibitor 1B 

	232612_s_at
	ATG16L1
	autophagy related 16-like 1 

	212606_at
	WDFY3
	WD repeat and FYVE domain containing 3

	203970_s_at
	PEX3
	peroxisomal biogenesis factor 3

	229252_at
	ATG9B
	autophagy related 9B

	209076_s_at
	WDR45B
	WD repeat domain 45B

	221492_s_at
	ATG3
	autophagy related 3

	201453_x_at
	RHEB
	Ras homolog enriched in brain

	226660_at
	RPS6KB1
	ribosomal protein S6 kinase B1

	213013_at
	MAPK8IP1
	mitogen-activated protein kinase 8 interacting protein 1 

	212046_x_at
	MAPK3
	mitogen-activated protein kinase 3

	226684_at
	ATG2B
	autophagy related 2B

	212733_at
	RUBCN
	RUN and cysteine rich domain containing beclin 1 interacting protein

	231017_at
	STK11
	serine/threonine kinase 11

	213836_s_at
	WIPI1
	WD repeat domain, phosphoinositide interacting 1

	201384_s_at
	NBR1
	NBR1, autophagy cargo receptor

	208786_s_at
	MAP1LC3B
	microtubule associated protein 1 light chain 3 beta

	208946_s_at
	BECN1
	beclin 1

	219141_s_at
	AMBRA1
	autophagy and beclin1 regulator 1

	225067_at
	ULK3
	unc-51 like kinase 3

	204297_at
	PIK3C3
	phosphatidylinositol 3-kinase catalytic subunit type 3

	209089_at
	RAB5A
	RAB5A, member RAS oncogene family

	213026_at
	ATG12
	autophagy related 12

	211961_s_at
	RAB7A
	RAB7A, member RAS oncogene family

	208478_s_at
	BAX
	BCL2 associated X, apoptosis regulator 

	225715_at
	RPTOR
	regulatory associated protein of MTOR, complex 1

	218696_at
	EIF2AK3
	eukaryotic translation initiation factor 2-alpha kinase 3

	209333_at
	ULK1
	unc-51 like autophagy activating kinase 1

	203728_at
	BAK1
	BCL2-antagonist/killer 1

	215506_s_at
	DIRAS3
	DIRAS family GTPase 3

	201244_s_at
	RAF1
	Raf-1 proto-oncogene, serine/threonine kinase

	209216_at
	WDR45
	WD repeat domain 45

	208724_s_at
	RAB1A
	RAB1A, member RAS oncogene family

	209091_s_at
	SH3GLB1
	SH3-domain containing GRB2 like endophilin B1

	200863_s_at
	RAB11A
	RAB11A, member RAS oncogene family

	204903_x_at
	ATG4B
	autophagy related 4B cysteine peptidase

	209046_s_at
	GABARAPL2
	GABA type A receptor associated protein like 2

	204336_s_at
	RGS19
	regulator of G-protein signaling 19

	226048_at
	MAPK8
	mitogen-activated protein kinase 8

	220587_s_at
	MLST8
	MTOR associated protein LST8 homolog

	213300_at
	ATG2A
	autophagy related 2A

	203041_s_at
	LAMP2
	lysosomal associated membrane protein 2

	202288_at
	MTOR
	mechanistic target of rapamycin 

	226330_s_at
	SUPT20H
	SPT20 homolog, SAGA complex component

	221697_at
	MAP1LC3C
	microtubule associated protein 1 light chain 3 gamma

	220990_s_at
	VMP1 or MIR21
	vacuole membrane protein 1 or microRNA 21

	200779_at
	ATF4
	activating transcription factor 4

	201983_s_at
	EGFR
	epidermal growth factor receptor

	212312_at
	BCL2L1
	BCL2 like 1

	200645_at
	GABARAP
	GABA type A receptor-associated protein

	218214_at
	ATG101
	autophagy related 101

	209390_at
	TSC1
	tuberous sclerosis 1

	1563335_at
	IRGM
	immunity related GTPase family M

	1555668_a_at
	PARK2
	parkin RBR E3 ubiquitin protein ligase

	201336_at
	VAMP3
	vesicle associated membrane protein 3

	218673_s_at
	ATG7
	autophagy related 7

	224378_x_at
	MAP1LC3A
	microtubule associated protein 1 light chain 3 alpha

	209019_s_at
	PINK1
	PTEN induced putative kinase 1

	206846_s_at
	HDAC6
	histone deacetylase 6

	209150_s_at
	IPO4 or TM9SF1
	importin 4 or transmembrane 9 superfamily member 1

	201849_at
	BNIP3
	BCL2 interacting protein 3

	215735_s_at
	TSC2
	tuberous sclerosis 2

	202829_s_at
	VAMP7
	vesicle associated membrane protein 7

	223387_at
	ZFYVE1
	zinc finger FYVE-type containing 1

	221014_s_at
	RAB33B
	RAB33B, member RAS oncogene family

	223195_s_at
	SESN2
	sestrin 2

	203364_s_at
	ATG13
	autophagy related 13

	222143_s_at
	MTMR14
	myotubularin related protein 14

	229389_at
	ATG16L2
	autophagy related 16 like 2

	218627_at
	DRAM1
	DNA damage regulated autophagy modulator 1

	218520_at
	TBK1
	TANK binding kinase 1

	224836_at
	TP53INP2
	tumor protein p53 inducible nuclear protein 2

	227755_at
	ERN1
	endoplasmic reticulum to nucleus signaling 1

	1555159_at
	TMEM74
	transmembrane protein 74

	204710_s_at
	WIPI2
	WD repeat domain, phosphoinositide interacting 2


1 Common autophagy genes are autophagy genes shared by 2 online autophagy gene databases (http://www.tanpaku.org/autophagy/; http://autophagy.lu/); data frozen in June-2016; for genes with multiple affymetrix probesets, the probeset with highest mean expression level among all 170 subjects in the small airway microarray cohort I was used.

2 “Or” indicates the probeset can detect more than one gene. 

Table S2. Smoking status.1
	
	Initial cohort-small airway
	
	Initial cohort-large airway
	
	Validation cohort-small airway

	 
	Healthy nonsmokers
	Healthy smokers
	COPD smokers
	
	Healthy nonsmokers
	Healthy smokers
	
	Healthy nonsmokers
	Healthy smokers

	Smoking history (pack/yr)
	N/A
	27 ± 6
	38 ± 24
	
	N/A
	27 ± 17
	
	N/A
	20 ± 9

	Urine nicotine (ng/ml)
	0
	1358 ± 1625
	1680 ± 1543
	
	0
	821 ± 889
	
	0
	1357 ± 1140

	Urine cotinine (ng/ml)
	0
	1311 ± 1036
	1493 ± 608
	
	0
	971 ± 687
	
	0
	1865 ± 1102


1 Details of subjects’ information can be found in previous publications.
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Table S3. TaqMan probes.1
	Gene name
	TaqMan assay number

	CYP1A1
	Hs01054797_g1

	GABARAPL1
	Hs00740588_mH

	HMOX1
	Hs01110250_m1

	MAP1LC3B
	Hs00797944_s1

	NQO1
	Hs02512143_s1

	OSGIN1
	Hs00203539_m1

	GPX2
	Hs01591589_m1

	MAFG
	Hs00536278_s1

	SQSTM1
	Hs01061917_g1

	DNM1L
	Hs01552605_m1

	MFN1
	Hs00966851_m1

	MFN2
	Hs00208382_m1

	OPA1
	Hs01047018_m1

	RNA18S/18S
	Hs99999901_s1


1 From Applied Biosystems (Foster City, CA, USA)

Supplemental Figure Legends
Figure S1. Schematic illustration of the lentivrial vectors. The constructs of lenti-OSGIN1 (pLenti-OSGIN1-IRES-GFP) and lenti-control (pLenti-IRES-GFP) are shown. Both constructs have CMV promoters. An internal ribosome entry site (IRES) was used to achieve coexpression of gene of interest and GFP. GFP was used to indicate the efficiency of gene transduction.
Figure S2. Validation of the upregulation of OSGIN1 by an independent microarray cohort. Shown is gene expression data of small airway epithelium from 14 healthy nonsmokers and 20 healthy smokers. This dataset is independent of the initial microarray cohort in Figure 1. Each data point represents one subject.
Figure S3. OSGIN1 staining in the airway epithelium. Large airway biopsy from 4 healthy nonsmokers and 4 smokers with or without COPD were stained with OSGIN1 antibody, detected by AEC substrate-chromogen (red) and counterstained with hematoxylin (blue). (A-D) Healthy nonsmokers; (F-H) healthy smokers; (I) COPD smokers; (E) IgG control; (J) liver tissue as positive control. Bar: 50 µm.

Figure S4. Pathway enrichment in the genes negatively correlated to OSGIN1. The same dataset as in Figure 2 was used. The pathway enrichment analysis was based on the genes with high negative correlations to OSGIN1 (rho<-0.7, P<0.05). The top pathway was “cell cycle,” consistent with the known growth inhibition function of OSGIN1.

Figure S5. Assessment of the cytotoxic effect of cigarette smoke extract (CSE) on primary basal cells. The cytotoxic effects of 24-h treatment of 0%, 4% and 6% CSE were tested by LDH assay. 0.2% Triton X-100-treated basal cells were used as a positive control.

Figure S6. Effect of OSGIN1 on mitochondria. Primary basal cells were infected with lenti-GFP or lenti-OSGIN1. The effects of OSGIN1 on mitochondrial patterns and mitophagy-related genes were assessed. (A) Effect of OSGIN1 on mitochondrial pattern. Top panels, mitochondrial structure was labeled by MitoTracker Red. Middle panels, GFP fluorescence from both lenti-GFP and lenti-OSGIN1 vector. Bottom panels, color combine. (B) Effect of OSGIN1 on mitophagy genes. Expression of 4 essential mitophagy genes (DNM1L, MFN1, MFN2 and OPA1) were assessed by TaqMan PCR. The data are normalized to uninfected control. Values are mean ± standard deviation. Bar: 50 µm. 
Figure S7. OSGIN1 induced oxidative stress response. Human primary airway basal cells were infected with lenti-control or lenti-OSGIN1. Uninfected cells were used as an additional control. Expression of oxidative stress response genes were assessed by TaqMan PCR or immunofluorescence staining. (A) Expression changes of oxidative response genes GPX2, NQO1, MAFG and HMOX1 at the mRNA level. Shown are fold changes related to uninfected controls (n = 3/group, experiments were repeated twice with similar results). Values are mean + standard deviation; **, P<0.01; lenti-OSGIN1 vs lenti-control. (B) Expression changes of oxidative response genes NQO1 and HMOX1 at the protein level. Stainings in lenti-control and lenti-OSGIN1 groups are shown. Top panels, NQO1 staining. Bottom panels, HMOX1 staining. Blue, nuclei; red, positive staining. Bar: 50 µm. Experiments were repeated twice with similar results.
Supplemental References

1. 
Wang G, Wang R, Ferris B, Salit J, Strulovici-Barel Y, Hackett NR, Crystal RG. Smoking-mediated up-regulation of GAD67 expression in the human airway epithelium. Respir Res 2010; 11:150.


2. 
Harvey BG, Heguy A, Leopold PL, Carolan BJ, Ferris B, Crystal RG. Modification of gene expression of the small airway epithelium in response to cigarette smoking. J Mol Med (Berl) 2007; 85:39-53.


3. 
Hackett NR, Shaykhiev R, Walters MS, Wang R, Zwick RK, Ferris B, Witover B, Salit J, Crystal RG. The human airway epithelial basal cell transcriptome. PLoS One 2011; 6:e18378.


4. 
Expression profiling--best practices for data generation and interpretation in clinical trials. Nat Rev Genet 2004; 5:229-237.


5. 
Raman T, O'Connor TP, Hackett NR, Wang W, Harvey BG, Attiyeh MA, Dang DT, Teater M, Crystal RG. Quality control in microarray assessment of gene expression in human airway epithelium. BMC Genomics 2009; 10:493.


6. 
Hackett NR, Butler MW, Shaykhiev R, Salit J, Omberg L, Rodriguez-Flores JL, Mezey JG, Strulovici-Barel Y, Wang G, Didon L, et al. RNA-Seq quantification of the human small airway epithelium transcriptome. BMC Genomics 2012; 13:82.


7. 
Ryan DM, Vincent TL, Salit J, Walters MS, gosto-Perez F, Shaykhiev R, Strulovici-Barel Y, Downey RJ, Buro-Auriemma LJ, Staudt MR, et al. Smoking dysregulates the human airway basal cell transcriptome at COPD risk locus 19q13.2. PLoS One 2014; 9:e88051.


8. 
Buro-Auriemma LJ, Salit J, Hackett NR, Walters MS, Strulovici-Barel Y, Staudt MR, Fuller J, Mahmoud M, Stevenson CS, Hilton H, et al. Cigarette smoking induces small airway epithelial epigenetic changes with corresponding modulation of gene expression. Hum Mol Genet 2013; 22:4726-4738.


9. 
Tilley AE, O'Connor TP, Hackett NR, Strulovici-Barel Y, Salit J, Amoroso N, Zhou XK, Raman T, Omberg L, Clark A, et al. Biologic phenotyping of the human small airway epithelial response to cigarette smoking. PLoS One 2011; 6:e22798.



