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Summary
Background—Despite overwhelming data that cigarette smoking causes chronic obstructive
pulmonary disease (COPD), only a minority of chronic smokers are affected, strongly suggesting
that genetic factors modify susceptibility to this disease. We hypothesized that there are individual
variations in the response to cigarette smoking, with variability among smokers in expression
levels of protective / susceptibility genes.

Methodology—Affymetrix arrays and TaqMan PCR were used to assess the variability of gene
expression in the small airway epithelium obtained by fiberoptic bronchoscopy of 18 normal non-
smokers, 18 normal smokers and 18 smokers with COPD.

Results—We identified 201 probesets representing 152 smoking-responsive genes that were
significantly up- or down-regulated, and assessed the coefficient of variation in expression levels
among the study population. Variation was a reproducible property of each gene as assessed by
different microarray probesets and realtime PCR and was observed in both normal smokers and
smokers with COPD. There was greater individual variability in smokers with COPD than in
normal smokers. The majority of these highly variable smoking responsive genes were in the
functional categories of signal transduction, xenobiotic degradation, metabolism, transport,
oxidant-related and transcription. A similar pattern of the same highly variable genes was
observed in an independent data set.

Conclusions—We propose that there is likely genetic diversity within this subset of genes with
highly variable individual to individual responses of the small airway epithelium to smoking, and
this subset of genes represent putative candidates for assessment of susceptibility/protection from
disease in future gene-based epidemiological studies of smokers’ risk for COPD.

Introduction
Despite the overwhelming evidence of cigarette smoking as the major risk factor for the
development of chronic obstructive pulmonary disease (COPD), the majority of chronic
smokers remain healthy, strongly suggesting that genetic factors modify disease
susceptibility to this environmental stress1-5. Multiple studies support the concept that there
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are genes that give susceptibility to, or protect from, the stress that smoking places on the
airways, and that together, mediate whether the individual smoker does or does not develop
COPD6-9. However, while progress has been made, the identification of these genes has
proven to be a significant challenge, as there are likely many genes involved, complicated
by issues such as ancestral diversity, variability of smoking exposures, and the false
discovery rate when assessing all 25,000 genes in the human genome10-14.

The present study is directed toward a novel approach to identify possible candidate genes
for susceptibility to smoking-induced lung disease that should be complementary to the
strategies of family-based and genome wide association studies6-17. Our strategy, derived
from the observation of variability of gene expression in the human airway epithelium18-20,
is based on the following concepts: (1) the airway epithelium is the cell population that takes
the brunt of the stress of cigarette smoke; (2) disease of the small airway epithelium is an
early component of the development of COPD1-3,21-23; and (3) the increasing evidence that
genetic susceptibility to complex disorders is mediated by polymorphisms in multiple
protective/susceptibility genes resulting in over-and under-expression of gene products that
together, mediate protection from, or the development of, disease11-14,24-26. With the
background of our prior studies documenting variability in oxidant-related genes in the large
airway epithelium of cigarette smokers18, we hypothesized that among the genes that are
significantly over-or under-expressed in the small airway epithelium of cigarette smokers,
there is a subset of genes that exhibit more individual variability in the levels of gene
expression in response to smoking than other genes. Further, based on the knowledge that
smokers with COPD are (by definition) more susceptible to smoking-induced lung
abnormalities than comparable asymptomatic smokers, we hypothesized that, for individual
genes, the variability of gene expression in the small airway epithelium of smokers with
COPD will be different than that of asymptomatic smokers. Using Affymetrix Human
Genome U133 Plus 2.0 arrays to evaluate gene expression of the small airway epithelium of
18 non-smokers and 18 phenotypic normal smokers and 18 current smokers with COPD, the
data demonstrates that a subset of genes expressed by the small airway epithelium exhibit a
large individual to individual variability in response to smoking. Further, this variability is a
reproducible, intrinsic property of this subset of genes confirmed by two independent
experimental approaches and in an independent dataset. Interestingly, smokers with COPD
have a greater variability of expression of these genes than do asymptomatic smokers. We
propose that this subset of genes represent a novel list of candidate genes for future genetic
epidemiology studies regarding the risk for susceptibility to or protection from smoking-
induced development of COPD.

Methods
Study Population

After signing informed consent, subjects were evaluated in the Weill Medical College of
Cornell University NIH General Clinical Research Center under an Institutional Review
Board approved clinical protocol. They were assessed by standard history, physical exam,
complete blood count, coagulation studies, liver function tests, urine studies, chest X-ray,
EKG, and pulmonary function tests. A total of 54 subjects in this study included 3 groups
(Table I): normal non-smokers (n=18) and normal smokers (n=18) and smokers with COPD
GOLD stages I or II (n=18). Normal non-smokers and normal smokers had no symptoms
referable to the lungs, normal lung function and normal chest X-ray. All tests were within
the normal ranges for normal non-smokers and normal smokers. Smokers with established
COPD included current smokers who met the Global Initiative for Chronic Obstructive
Lung Disease (GOLD) criteria for GOLD I or II only27. The demographic composition of
the three groups was similar with respect to sex (p>0.4) and self-described race (p>0.2). The

Ammous et al. Page 2

Chest. Author manuscript; available in PMC 2013 April 22.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



mean age for the non-smokers (41±7) was slightly lower than for the smokers (46±5,
p<0.05) and for the smokers with COPD (50±6, p<0.05).

Sampling Small Airway Epithelium RNA Extraction and Microarray Assessment
Pure populations of small airway epithelium were obtained by bronchial brushing as
previously described19. After mild sedation with demerol and versed, and routine anesthesia
of the vocal cords and bronchial airways with topical lidocaine, the fiberoptic bronchoscope
(Pentax, EB-1530T3) was positioned distal to the opening of the desired lobar bronchus. To
obtain small airway epithelial cells, a 1.2 mm diameter brush was advanced approximately 7
to 10 cm distally from the 3rd order bronchial branching. The distal end of the brush was
wedged at about the 10th to12th generation branching of the right lower lobe, and small
airway epithelial cells were obtained by gently gliding the brush back and forth on the
epithelium 5 to 10 times in 10 different locations in the same general area. Cells were
detached from the brush by flicking into 5 ml of ice-cold bronchial epithelial basal cell
medium (BEBM, Clonetics, Walkersville, MD). An aliquot of 0.5 ml was used for
differential cell count and the remainder (4.5 ml) was processed immediately for RNA
extraction. Pelleted airway epithelial cells were lysed with the TRIzol reagent (InVitrogen,
Carlsbad, CA), and after chloroform extraction the RNA was purified directly from the
aqueous phase by RNeasy MinElute RNA purification kit (Qiagen, Valencia, CA). The
samples were stored in RNA Secure (Ambion, Austin, TX) and concentration was
determined using a NanoDrop ND-1000 spectrophotometer (NanoDrop Technologies,
Wilmington, DE). An aliquot was evaluated using an Agilent Bioanalyzer (Agilent
Technologies, Palo Alto, CA) with three quality control criteria: (1) concentration greater
than 0.2 μg/μl; (2) A260/A280 ratio from 1.7 to 2.3; and (3) Agilent electropherogram
displaying 2 distinct peaks corresponding to the 28S and 18S ribosomal RNA bands at a
ratio of 28S/18S of >1.5. RNA processing, hybridizations to test chips and, if quality control
was acceptable, to the HG U133 Plus 2.0 microarray were performed according to
Affymetrix protocols, and using Affymetrix reagents processed by the Affymetrix GeneChip
Fluidics Station 450, and scanned with an Affymetrix GeneChip Scanner 3000 7G (http://
www.affymetrix.com/support/technical/manual/expression_manual.affx), as previously
described19. Overall microarray quality was verified by the following criteria: (1) RNA
Integrity Number (RIN) > 7.0; (2) 3′/5′ ratio for GAPDH < 3; (3) scaling factor range no
more than ± 2.5 standard deviations from the mean for all microarrays; and (4) expression
level for all 100 housekeeping genes (as defined by Affymetrix, www.affymetrix.com) with
coefficient of variation of <40%. For 4 highly variable genes (CYP1B1, UCHL1, HES6,
AKR1B10) and two smoking responsive but not highly variable genes (NQO1 and
TCF7L1), mRNA levels were also estimated by TaqMan realtime PCR.

Data Analysis and Statistics
The Microarray Suite 5.0 (MAS5) software was used to analyze the data for all samples.
Probesets for which less than 50% of samples were scored “Present” were discarded.
MAS5-analyzed data was normalized using GeneSpring followed by per-chip and per-gene
normalization across all 54 samples. In the initial analysis, changes in gene expression
between non-smokers and smokers were considered significant (p<0.05) using unpaired t
test with Benjamini-Hochberg correction. An additional criterion of >2-fold change was
introduced to confine analysis to the most robust differences between non-smokers and
normal smokers. Coefficient of variation was assessed for the normal smokers. Highly
variable genes were defined as those smoking-dependent probe sets with coefficient of
variation >98th percentile of all probe sets. Functional annotation of genes was carried out
using the NetAffx Analysis Center (www.affymetrix.com) to retrieve the Gene Ontology
(GO) annotations from the National Center for Biotechnology NCBI databases. All
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microarray data has been deposited at the Gene Expression Omnibus (GEO) site (http://
www.ncbi.nlm.nih.gov/geo/; accession number GSE 8545).

Comparisons of parameters between groups were performed by ANOVA for continuous
variables and by Chi square test for discrete variables. Linear regression was used to assess
the correlation of expression level with phenotype, and the reproducibility of coefficient of
variation among different phenotypic groups. ANOVA was used to assess the impact of
smoking on different functional categories of genes.

An independent data set of gene expression profiles of airway epithelium in smokers from
the studies of Spira et al20 was used to validate our identification of genes with highly
variable expression levels in normal smokers (GEO accession number GSE994). In the
independent data set, the coefficient of variation was assessed for the normal smokers and
highly variable genes were defined as those probe sets with coefficient of variation >98th

percentile of all probe sets “present” in 50% of samples.

Results
Small Airway Epithelium

The cell number, purity and differential counts for the samples recovered from the small
airway epithelium of the normal non-smokers, normal smokers and smokers with COPD
were similar (Table I). A range of 2.5 to 10.1 × 106 cells were recovered from all groups
(p>0.08 comparing all samples by ANOVA). There were fewer inflammatory cells (p<0.03)
and secretory cells (p<0.01) and more basal cells (p<0.02) in non-smokers than in the other
two groups, though the proportion of ciliated and undifferentiated cells were similar (p>0.1
all comparisons).

Smoking-dependent Genes
For the initial analysis, a group of smoking-dependent genes was identified for which the
expression levels were significantly higher or lower in the 18 normal smokers than in the 18
demographically matched non-smokers. Of the 25,667 probesets expressed [Affymetrix call
of “P” (present)] in >50% of all small airway samples, 201 were identified for which the
change in expression level between smokers and non-smokers was >2-fold with a
significance level of <0.05 after application of the Benjamini-Hochberg correction for
multiple testing (Figure 1). These 201 probesets represented 152 unique named genes.
Expression levels for approximately equal numbers of probesets were upregulated (n=96)
and downregulated (n=105) by smoking.

Variability in Expression of Smoking-responsive Genes
The variability of expression level in normal smokers was assessed for the 201 probesets
identified in the analysis of gene expression in the normal smokers vs normal non-smokers.
The median coefficient of variation for the smoking responsive genes in normal smokers
was 49.2% (5th to 95th percentile 28.6 to 102.5%). By contrast, the median coefficient of
variation for all 25,667 probesets expressed was 31.2% (5th to 95th percentile 18.2 to
57.8%). A total of 31 of the 201 of the smoking-responsive probesets, representing 28
named genes, had a coefficient of variation greater than the 98th percentile for all probesets
(69.9%). These 31 probesets genes were designated as the “highly variable smoking
responsive gene list” (Table II).

To help verify that this list of highly variable smoking responsive genes was not an artifact
of assessing expression of a large number of genes, we evaluated an independent data set of
gene expression levels in the airway epithelium of smokers based on the work of Spira et
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al 20 (gene expression omnibus accession number GSE994). For this data set, which
comprise data collected using a previous generation of Affymetrix microarray, 7,625 probe
sets were identified as “present” in >50% of the 57 normal smokers and non-smokers. The
median coefficient for these probesets in the normal smokers (n=34) was 32.5% (5th to 95th

percentile 21.1 to 56.1%). Of the 31 probesets shown in Table II, 20 are also present on the
Affymetrix HG U133A microarray used in Spira et al20. Of these, 15 have coefficients of
variation within the top 2% among all probe sets in this data set (Table II).

To assess possible functional significance of the genes for which there were highly variable
probesets in our data set, the 201 variable smoking responsive probesets were categorized,
including: xenobiotic metabolism, n=12; transport, n=14; transcription factors and
chromatin structure, n=14; signal transduction, n=40; protease, n=10; oxidant-related, n=27;
metabolism, n=20; immune and inflammatory response, n=3; cell cycle/cytoskeleton, n=8;
and other/ unknown, n=53 (Figure 2). Among the 201 variable smoking-responsive
probesets, the extent of variability as assessed by coefficient of variation, was dependent on
the category, with the xenobiotic degradation probesets, primarily representing cytochrome
p450 genes, having a higher coefficient of variation (mean 75.5%) compared to all other
catagories (p<0.005) and the oxidant related genes having a lower coefficient of variation
(40.3%) compared to all other categories (p<0.005).

To ensure that the measured variability was a genuine reflection of the mRNA levels, we
compared the available replicate probesets for each of the variable genes. There was a strong
correlation in the coefficient of variation between replicate measurements with different
probesets (Figure 3A; r2= 0.64, p<0.0001). To further exclude technical factors that may
account for the result, the data was also assessed by Robust Multichip Average method, an
independent method of determining expression levels from microarray scans. There was a
strong correlation of the coefficient of variation by this method and the MAS5.0 method
(r2= 0.65, p<0.005). The data was further confirmed for selected genes by showing a strong
correlation between the coefficient of variation determined by TaqMan realtime PCR with
that obtained by microarrays (Figure 3B, r2= 0.58, p<0.01 by linear regression). To examine
potential causes of the variable expression level, we assessed if known difference among
subjects could account for the changes. However, none of the probesets showed a strong
correlation of expression level with any demographic or pulmonary function parameter
(r2<0.3 for all 201 probesets in independent linear regressions with age, sex, genetic
ancestry, smoking history, FEV1, FEV1/FVC, and DLCO).

Similarities and Differences in the Variable Expression Levels Among Normal Smokers
and Smokers with COPD

To assess the similarities and differences in the observed variability among normal smokers
and smokers with COPD, the coefficient of variation was compared for the 2 groups. There
was an overall correlation between the coefficient of variation in the two groups, but a
majority (78%, 157/201) of the probesets had a higher coefficient of variation in the smokers
with COPD than in the normal smokers (Figure 4A). Analysis of the frequency distribution
of the coefficient of variation in the groups of smokers showed that the coefficient of
variation for the smoking-responsive genes was greater in the smokers with COPD
compared to the normal smokers (p<0.0001, chi square test, Figure 4B) and the coefficients
of variation were higher (median of 61.0 vs 49.3% for the smokers with COPD, p<0.0001
comparing distribution by paired t test, Figure 4C). Individual examples of highly variable
smoking up-regulated genes included those in the category of oxidant-related genes (Figure
5A-C), while there was highly variable suppression of gene expression in the category of
signal transduction (Figure 5D-F). In all cases, the expression patterns among individual
smokers with COPD most closely resembled the expression patterns in normal smokers and
not that of non-smokers.
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Discussion
In this study we have assessed individual to individual variability in cigarette smoking-
induced changes in mRNA expression levels in the small airway epithelium, the cell
population that takes the brunt of the stress of smoking and the initial site of pathological
changes of COPD1,21-24,28. The data demonstrate that, among the 201 probesets
representing 152 genes in the small airway epithelium that smoking induces to be
significantly up- or down-regulated in normal smokers compared to normal non-smokers, 31
probesets (15%) representing 28 (14%) genes showed a coefficient of variation of
expression level greater than the 98th percentile of coefficient of variation for all probesets
and genes. Variability in gene expression levels was a reproducible property of each of these
genes, not only in normal smokers but also in current smokers with COPD GOLD stages I or
II. Interestingly, there was a higher degree of variation in gene expression in the smokers
with COPD compared to the normal smokers. In the context that there is significant
variability in whether or not cigarette smokers with comparable smoking history develop
lung disease1-5, we propose that this subset of smoking-induced variable response genes
represent a novel set of candidate genes for future genetic epidemiology studies for risk /
protection from smoking-induced disorders of the airways.

Reproducibility of Measured Parameters
There are a number of lines of evidence to suggest the observed variability in gene
expression was not an experimental aberration. First, replicate probesets provided similar
coefficient of variation for the same genes. Second, previous studies have shown that
replicate determinations of the levels of gene expression in the airway epithelium of the
same subject gave highly reproducible levels of expression when assessed in the same
individual over time18. Third, there is extensive data from our group and others of TaqMan
confirmation of expression levels of genes in the airway epithelium determined by
microarray methods and selected genes were confirmed in this study18-20,29-34. Fourth,
assessment of an independent data set of nonsmokers and smokers verified a similar pattern
of increase variability in this subset of the same genes. However, while microarray methods
allow a comprehensive survey of gene expression at the mRNA level, follow up would
require proteomic methods to confirm.

In this study we have borrowed a concept from genome wide association studies and applied
it to analysis of variability in gene expression levels12,14,24. Statistical methods such as the
Benjamini-Hochberg correction applied in the present study help considerably in reducing
the possibility of false positives. But, as in genome wide association studies, the replication
of the initial observation in a second dataset is considered a prerequisite to confidence in the
observed association. By finding high variability in expression level in two different
populations both in our data set and in an independent data set, we reduce the probability
that variability in expression level is a statistical anomaly. Interestingly, however, although
there was an overall correlation of coefficient of variation in the normal smokers and
smokers with COPD, the extent of variability was higher in the smokers with COPD. The
reason for this is unclear, but may reflect pathogenic processes including inflammation and
tissue remodeling in the airway epithelium of subjects as disease progresses and/or the
inherent genetic diversity of smokers who have abnormalities compared to those that remain
phenotypically normal.

Implication of Airway Gene Expression Variability for Genesis of Smoking-related
Pulmonary Disease

Many of the genes discovered in this study could rationally play a role in the protection /
susceptibility of the airway to smoking related lung diseases. For example, cytochromes
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P450 are critical to metabolism of the xenobiotics in tobacco smoke and CYP1B1 in
particular has been implicated in the oxidation of benzopyrene35,36. Polymorphisms of
CYP1B1 have previously been implicated in susceptibility to various types of cancer
including lung cancer37,38. Expression of MUC5AC has also been investigated in airway
epithelial cells and shown to be induced by inflammatory stimuli39. Mucus hypersecretion is
a characteristic of patients with COPD and contributes to their morbidity by causing airway
obstruction.

There is extensive evidence that susceptibility / resistance to smoking-induced airway
disorders is genetically determined6-14,40. Family studies confirm there is a heritable
component of COPD41. Using a candidate gene approach with assumptions about the
pathogenic mechanisms, polymorphisms in multiple genes with putative relevance to COPD
have been identified in small studies, including microsomal epoxide hydroxylase
(EPHX1)6,7,40,42, angiotensin converting enzyme43,44, β-defensin 145,46, glutathione S-
transferase42,47, matrix metalloproteinases48,49 and tumor necrosis factor50,51. However,
follow up studies in wider population have sometimes failed to confirm these association,
possibly due to there likely being multiple genes associated with susceptibility/resistance to
COPD, which may not be equally influential in all populations11-14. Genome wide
association studies that are now ongoing should significantly contribute to this gene list. The
present study proposes a new strategy to complement these approaches, based on the
increasing evidence that variability on gene expression level is genetically determined and is
a critical factor in the development of COPD.
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Figure 1.
Impact of smoking on the gene expression profile of the small airway epithelium. The
normalized gene expression level for all 54 subjects was determined for all probesets scored
as present in >50% of the samples. The natural log (ln) of the ratio of expression levels in
normal smokers vs normal non-smokers was plotted against the -log of the p value (paired t
test, all normal smokers vs normal nonsmokers; Benjamini-Hochberg corrected). The areas
of the plot representing genes that are significantly smoking upregulated and smoking down-
regulated genes are indicated.

Ammous et al. Page 10

Chest. Author manuscript; available in PMC 2013 April 22.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Categories of smoking responsive genes in small airway epithelium. The set of 201 smoking
responsive probesets (p<0.05, fold-change >2) in normal smokers compared to normal
nonsmokers was divided into functional groups based on the Gene Ontology Biological
Process Description supplemented with specific searches of the GenBank Gene descriptor.
For the normal smokers, the coefficient of variation is plotted for each gene within a
functional group in an arbitrary order based on Affymetrix probeset numbers.
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Figure 3.
Reproducibility of coefficient of variation. A. Replicate probesets for a single gene. The set
of 201 smoking responsive probesets (p<0.05, fold change >2) was assessed for the normal
smokers for all genes with duplicate probesets and the coefficient of variation for the first
probeset (arbitrarily designated on the basis of Affymetrix probeset identifier) was plotted
against the coefficient of variation for replicate probesets. B. Expression levels for six genes
CYP1B1, UCHL1, HES6, AKR1B10, NQO1 and TCF7L1 were assessed by TaqMan
realtime PCR for n=14 smokers by the ΔΔCt method and the coefficient of variation plotted
against to coefficient of variation for all probesets corresponding to those genes on
microarrays.
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Figure 4.
Impact of COPD on coefficient of variation for the 201 smoking-dependent highly variable
probesets A. Coefficient of variation for smokers with COPD vs normal smokers. The
shaded area represents those probesets with a higher coefficient of variation in the smokers
with COPD. B. Frequency distribution of the coefficient of variation in normal smokers (□),
and smokers with COPD (■). C. Distribution of coefficient of variation plotted against gene
in rank order for the top 50 most variable genes for the normal smokers and the smokers
with COPD.
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Figure 5.
Examples of genes up- and down-regulated by smoking with high coefficient of variation in
normal smokers and smokers with COPD. The normalized expression levels for the non-
smokers, normal smokers and smokers with COPD were compared. A. G6PD - Glucose-6-
phosphate dehydrogenase; B. AKR1B10 - aldo-keto reductase family 1, member B10; C.
GPX2 - glutathione peroxidase 2; D. HES6 - hairy and enhancer of split 6; E. DUSP5 - dual
specificity phosphatase 5; and F. WNK4 - WNK lysine deficient protein kinase 4. The
coefficient of variation for the genes in each of the study groups in shown in parentheses
below the scatter plot; p values are based on unpaired t tests.
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Table I
Demographic Characteristics of the Study Population and Small Airway Epithelial Cells
Recovered

Parameter

Normal

non-smokers
1

Normal

smokers
1

Smokers with
COPD

(GOLD I /

II)
1

Number 18 18 18

Sex (male / female) 14/4 12/6 15/3

Self-described race (African /
European / other)

10/6/2 10/8/0 6/8/4

Age 41 ± 7 46 ± 5 50 ± 6

Smoking history (pack-yr) 0 31 ± 16 34 ± 17

 Urine nicotine (ng/ml) 0 1099± 1217 894 ± 930

 Urine cotinine (ng/ml) 0 1419± 1008 1381±732

 Carboxyhemoglobin (%) 0.7 ± 1 3.4 ± 2.5 3.2 ± 1.6

Pulmonary function tests
2

 FVC 105 ± 9 109 ± 15 103 ± 19

 FEV1 106 ± 9 109 ± 15 82 ± 18

 FEV1/FVC 82 ± 5 82 ± 4 64 ± 6

 TLC 98 ± 9 102 ± 14 105 ± 23

 DLCO 97 ± 10 93 ± 8 77 ± 16

Number of airway epithelial cells
recovered (× 106) 5.3 × 106 6.7 × 106 5.3 × 106

% Total cells
 epithelial 99.8 ± 0.4 99 ± 0.8 96 ± 1

Inflammatory 0.2 ± 0.4 0.5 ± 0.8 4 ± 1

% Epithelial cells
3

 Ciliated 71.5 ± 6.0 72.6 ± 6.1 66 ± 8

 Secretory 7.1 ± 3.4 10.2 ± 3.1 18 ± 6

 Basal 15.2 ± 3.7 10.9 ± 3.2 7 ± 3

 Undifferentiated 5.9 ± 1.8 5.8 ± 4.0 9 ± 1

1
For the criteria for the study groups, see Methods.

2
FVC - forced vital capacity; FEV1- forced expiratory volume in 1 sec; DLCO - diffusing capacity for carbon monoxide; TLC - total lung volume;

all values are presented as % predicted except for FEV1/FVC presented as % observed.

3
Compared to differential of 43% ciliated, 10% secretory, 27% basal and 20% undifferentiated in the large airway epithelium of non-smokers31.
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Table II
Smoking Responsive Genes with High Coefficient of Variation in Expression Levels in

Small Airway Epithelium of Normal Smokers Compared to Nonsmokers
1

Gene symbol Probe set ID Gene title
Coefficient of
variation (%)

Coefficient of variation in

independent study
2

CYP1A1 205749_at Cytochrome P450, family 1, subfamily
A, polypeptide 1

207.7% 139.6%

--- 238835_at Transcribed locus 157.9% NA

SLC26A4 206529_x_at Solute carrier family 26, member 4 143.3% 257.7%

MUC5AC 217182_at Mucin 5AC 131.6% 76.2%

--- 242680_at Transcribed locus 122.3% NA

SPP1 209875_s_at Osteopontin 121.5% 126.9%

CYP1B1 202437_s_at Cytochrome P450, family 1, subfamily
B, polypeptide 1

120.8% 107.5%

NR0B1 206645_s_at Nuclear receptor subfamily 0, group B,
member 1

105.4% 211.1%

H19 224646_x_at H19, imprinted maternally expressed
untranslated mRNA

104.8% NA

CXCL2 209774_x_at Chemokine (C-X-C motif) ligand 2 104.8% 106.3%

DUSP5 209457_at Dual specificity phosphatase 5 102.6% 121.4%

CYP1B1 202436_s_at Cytochrome P450, family 1, subfamily
B, polypeptide 1

101.0% 108.1%

--- 242054_s_at Transcribed locus 93.9% NA

CYP1B1 202435_s_at Cytochrome P450, family 1, subfamily
B, polypeptide 1

93.9% 110.5%

UCHL1 201387_s_at Ubiquitin carboxyl-terminal esterase L1 93.3% 144.1%

SAA1 208607_s_at Serum amyloid A1 93.0% 115.3%

MALAT1 224559_at Metastasis associated lung
adenocarcinoma transcript 1

85.2% NA

SERPING1 200986_at Serpin peptidase inhibitor, clade G,
member 1

83.5% 63.2%

MSRB3 225782_at Methionine sulfoxide reductase B3 83.0% NA

LTF 202018_s_at Lactotransferrin 82.3% 136.1%

UGT8 228956_at UDP glycosyltransferase 8 82.2% NA

SLC34A2 204124_at Solute carrier family 34 member 2 80.2% 40.5%

VEGFB 203683_s_at Vascular endothelial growth factor B 79.7% 40.1%

HES6 226446_at Hairy and enhancer of split 6 79.6% NA

GAD1 205278_at Glutamate decarboxylase 1 79.3% 79.6%

SFTPB 213936_x_at Surfactant, pulmonary-associated
protein B

76.9% 34.6%

CYP4F11 206153_at Cytochrome P450, family 4, subfamily
F, polypeptide 11

75.2% 56.4%

LOC653879 217767_at Similar to complement C3 precursor 74.9% 81.1%

WNK4 229158_at WNK lysine deficient protein kinase 4 71.7% NA

TFPI2 209278_s_at Tissue factor pathway inhibitor 2 70.6% NA

CDC20B 240161 s at Cell division cycle 20 homolog B 70.3% NA
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1
The table lists all highly variable probesets (coefficient of variation greater than the 98th percentile of all probesets) with a statistically significant

(p<0.05 after Benjamini-Hochberg correction) change in expression level of >2-fold between normal smokers and normal non-smokers. If more
than 1 probeset was available, the coefficient of variation for all probesets are presented.

2
For the probesets that are also represented on the Affymetrix HG U133A microarray used in Spira et al 20. Coefficient of variation is shown for

the n=34 smokers. NA = not present on HG U133A microarray. Note that of the 20 probesets from this data set, 15 show a coefficient of variation
greater than the 98th percentile (72.8%) of samples in this data set.
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