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Abstract
Background—Chitinolytic enzymes play important roles in the pathophysiology of allergic airway
responses in mouse models of asthma. Acidic mammalian chitinase (AMCase) and chitotriosidase
(CHIT1) have chitinolytic activity, but relatively little is known about their expression in human
asthma.

Objective—To determine the expression and activity of AMCase and CHIT1 in health, asthma,
and chronic obstructive pulmonary disease (COPD) (disease control), taking account of the null 24bp
duplication in the CHIT1 gene.

Methods—We measured chitinase activity in bronchoalveolar lavage (BAL) at multiple pH’s using
a synthetic chitin substrate. We also determined AMCase and CHIT1 gene expression in epithelial
brushings and BAL macrophages by real time RT-PCR. Paired DNA samples were genotyped for
the CHIT1 duplication.

Results—In all subgroups, the pH profile of chitinase activity in BAL matched that of
chitotriosidase, not AMCase, and chitinase activity was absent in subjects genetically deficient in
active chitotriosidase. Although AMCase protein was detectable in lavage, AMCase transcripts in
macrophages were consistent with an isoform lacking enzymatic activity. Median chitinase activity
in BAL tended to be lower than normal in asthma, but was increased 7-fold in COPD, where CHIT1
gene expression in macrophages was increased.
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KEY MESSAGE: Chitotriosidase not AMCase is the primary active chitinase in the human lung and its activity is upregulated in habitual
smokers but not asthmatics.
CAPSULE SUMMARY: Macrophage and epithelial expressed chitotriosidase is responsible for chitinase activity in the lung, whereas
enzymatically inactive AMCase is expressed in the lung. Chitinase activity is upregulated in habitual smokers and possibly downregulated
among asthmatics.
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Conclusions—Chitinase activity in the lung is the result of CHIT1 activity. Although AMCase
protein is detectable in the lung, our data indicates that it is inactive. Chitinase activity is not increased
in asthma and in fact tends to be decreased. The high levels of chitinase activity in COPD result from
upregulation of CHIT1 gene expression, especially in macrophages.
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Introduction
Chitin, a linear polymer of β(1–4)-linked N-acetyl-D-glucosamine, is a component of the
exoskeletons of mites and other arthropods, the lining of the insect gut, and the microfilarial
sheath of parasitic nematodes 1–4. Chitin is also an important structural polymer in fungal cell
walls, where it is functionally analogous to peptidoglycan in bacteria.

Chitinases are the enzymes that digest the chitin polymer, and humans have two chitinases
encoded in their genome: chitotriosidase (CHIT1) and acidic mammalian chitinase (AMCase)
5. The substrate for these chitinases is presumably environmental chitin, because all mammals
lack a chitin synthase. CHIT1 is prominently expressed in macrophages, but the biological
consequences of its overexpression in diseases associated with macrophage activation
(lysosomal lipid storage disorders, thalassemia, sarcoidosis, and visceral Leishmaniasis) are
unknown 6, 7. A relatively common 24 base pair duplication in exon-10 of CHIT1 activates a
cryptic 3′ splice site and results in an enzymatically inactive protein deficient in 29 amino acids
8. The relatively high prevalence of chitotriosidase deficiency from this duplication prompted
a search for other chitinases that may compensate for the lack of functional CHIT1. This led
to the discovery of AMCase, named for its pronounced pH optimum at pH 2.3 9. Like CHIT1,
AMCase is capable of cleaving artificial chitin-like substrates as well as natural substrates. The
full-length cDNA for human AMCase is almost identical to TSA1902-L and TSA1902-S - two
isoforms previously described as splice variants of a gene encoding a chitinase-like protein in
man 10. These TSA transcripts are actually splice variants of the AMCase gene, but the proteins
they encode do not have chitinolytic activity 10. CHIT1 and AMCase belong to the Family 18
of glycosyl hydrolases, which also include other proteins structurally related to chitinases but
lacking in chitinolytic activity 5. These “chi-lectins” include chitinase-3-like-1 (CHI3L1), a
protein of uncertain function, which is elevated in serum in a variety of inflammatory diseases,
including severe asthma 11. Genetic variation in the CHI3LI gene has also been associated
with asthma 12.

Insights into the role of chitinases and chitin in allergy and asthma have been greatly advanced
by two recent studies. Zhu et al 13 showed that AMCase expression and activity is upregulated
in an ovalbumin mouse model of asthma and that it’s expression is dependent on IL-13.
Furthermore, they found that inhibition of AMCase enzymatic activity prevents much of the
airway hyperresponsiveness and inflammation present in these mice after challenge. In stark
contrast, Reese et al 14 showed that polymeric chitin administrated to the lungs of mice could
induce the recruitment of immune cells associated with allergy and asthma, such as eosinophils
and basophils. Moreover, AMCase mediated degradation of chitin acted as a negative regulator
of this process. Despite these important but contrasting roles for chitinase activity in the
development of allergic inflammation in the lungs of mice, only sparse clinical data is available
to guide opinion on which of these conflicting roles operates in human asthma. Although Zhu
et al 13 used in situ hybridization to show that AMCase gene expression is increased in airway
mucosal biopsies and in small airway tissues from asthmatics, these authors did not report on
CHIT1 expression or on levels of chitinase activity in lung secretions. Therefore, in this study,
we set out to determine the relative contributions of AMCase and CHIT1 to lung chitinase
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activity and to determine if chitinase activity differs from normal in asthma or in a disease
control (habitual smokers with mild COPD).

METHODS
Subjects and clinical samples

We studied biological samples stored in the Airway Tissue Bank at the University of California,
San Francisco (UCSF) that had been collected during research bronchoscopy from 40 non-
smoking subjects with asthma, 25 current smokers without asthma, and 26 healthy non-
smoking controls (Table 1). Asthmatic subjects had a prior physician diagnosis of asthma,
PC20 methacholine <8 mg/mL, and were using only inhaled beta-agonist medications for
therapy. Current smokers had been smoking at least 10 cigarettes per day and had at least a 10
pack-year total consumption. Healthy controls were non-smokers with no history of lung
disease and PC20 methacholine >16 mg/mL. The samples withdrawn from the tissue bank for
this study were aliquots of bronchoalveolar lavage (BAL) fluid supernatant, RNA from BAL
macrophages, RNA from epithelial brushings, and DNA (extracted from either venous blood
cells [n=40] or from frozen unfixed bronchial mucosal biopsies [n=18]). Epithelial brushings
and macrophages from some of the subjects in all subject subgroups have been used in
previously reported studies 15–19. Two of the smoker subjects contributed bronchoscopy
samples to the bank from two bronchoscopies done in a one year period. In one of these subjects,
we used RNA from epithelial brushings from the first bronchoscopy and BAL supernatant
from the second bronchoscopy. In the second subject, we used epithelial cell RNA from the
first bronchoscopy and BAL supernanant and BAL macrophage RNA from the second
bronchoscopy. For both of these subjects we provide clinical data in Table 1 from the first
bronchoscopy.

Clinical procedures
Spirometry, methacholine challenge, measurement of diffusing capacity and bronchoscopy
had been performed using methods described previously 15. At bronchoscopy,
bronchoalveolar lavage was performed in either the right middle lobe or lingula before
brushings were obtained from lower lobe bronchi in the ipsilateral lung; the bronchoscope was
then moved to the contralateral lung where bronchial biopsies were taken from 2nd through
4th order carinae of lower lobe, middle lobe, and upper segments.

Chitinase Activity Assays
Chitinase activity was determined using the synthetic chitin substrate 4-MU-(4-deoxy)
chitobiose 20. All chitinase assays were performed in a total volume of 100 microliters
containing 15 microliters of unconcentrated BAL and 75 micromolar 4-MU-(4-deoxy)
chitobiose in McIlvaine’s buffer at three different pH values (pH 2.2, 4.6, or 7.0). Reactions
were incubated in the dark for 2 hours at 37 degrees Celcius. All reactions were conducted in
duplicate in 96 well fluorescent spectroscopy plates (Sigma) with 4-Methylumbelliferone also
loaded as a standard. Reactions were stopped by the addition of 120 μl of 1M glycine/NaOH
pH 10.5 to reaction wells. Plates were then immediately read on the SpectraMax Gemini XS
fluorescence plate reader at an excitation wavelenght of 365nm and an emission wavelength
of 460nm. For determination of BAL samples velocities, the mean fluorescence units detected
from the duplicate assays were converted to nanomoles of product produced by extrapolation
using the 4-MU standard curves generated on each plate, and divided by reaction time and
volume of BAL loaded in the assay (15 μl).
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Gene Profiling
Gene expression for CHIT1 and AMCase in epithelial cells and macrophages was measured
using methods of real time RT-PCR described previously 15, 17, 18, 21. For CHIT1, we
designed one primer set against a region common to all known variants (Table E1). For
AMCase, we designed two primer sets (Table E1 and Figure 3A). The first primer set (primer
set 1) was designed to include a region across exon 6 that is known to result in an inactive
variant when it is spliced out 10. The second primer set (primer set 2) was designed against a
portion of the AMCase mRNA contained in all known transcripts.

Genotyping
The CHIT1 24bp duplication (rs3831317) was genotyped using the AcycloPrime-FP-TDI
(PerkinElmer) method 22. The PCR cocktail included: 3.0–5.0 ng genomic DNA, 0.1–0.2 μM
primers, 2.5 mM MgCl2, 50 μM dNTPs, 6 μl volume with Platinum Taq PCR buffer and 0.1–
0.2 units Platinum Taq (Invitrogen) plus 1 μl extra water to counteract evaporation. PCR
cycling conditions were as follows: 95°C for 2 minutes, 40 cycles of 92°C for 10 seconds, 57°
C for 20 seconds, 68°C for 30 seconds, and final extension at 68°C for 10 minutes. We used
AcycloPrime-FP kits for enzymatic cleanup and single base extension genotyping reactions.
Plates were read on an EnVision fluorescence polarization plate reader (PerkinElmer). PCR
primers and allele-specific FP primers and Fluorescent tagged terminator nucleotides are listed
in Table E2.

SDS polyacrylamide gel electrophoresis for AMCase in BAL
To detect AMCase in BAL, we used a polyclonal anti-mouse YM1 antibody (Stem Cell
Technologies), because this antbody was generated against a petide sequence that is also
present in human AMCase and there is no other orthologue to YM1 in humans 23. Using
purified human recombinant AMCase as a control, we confirmed that the YM1 antibody detects
human AMCase (Figure 4).

Statistical Analysis
All two-way subject group comparisons of gene expression data and chitinase activity were
performed by using the Mann-Whitney rank-sum test to account for the non-normally
distributed nature of the tested variables. Correlations between chitinase activity at pH 4.6 and
7.0, and between chitinase activity and gene expression data was performed by Spearman’s
rank correlation test. Multiple linear regression analysis was used to test the association of
CHIT1 duplication genotype on chitinase activity at pH 4.6. Chitinase activity was log
transformed for use in the regression model. All statistical analysis was performed using
STATA 8.0 S/E statistical software (College Station, TX).

Results
Lung chitinase activity is modulated by pH and disease

We measured total chitinase activity in the bronchoalveolar lavage (BAL) of 77 subjects
including 31 asthmatics, 24 healthy subjects, and 22 smokers using a synthetic chitin substrate,
4-MU-(4-deoxy)chitobiose 20. This substrate is digested by both AMCase and CHIT1, but the
pH profile for the activity of these two chitinolytic enzymes is distinct and can be used to infer
whether CHIT1 or AMCase is the responsible enzyme for chitinase activity in a biological
sample. For example, previous studies have shown that optimal enzymatic activity of AMCase
and CHIT1 occurs at a pH of 4.6, but that AMCase enzyme retains 30% of it’s activity at pH
of 2.2, whereas CHIT is inactive at this pH 9, 24. In contrast, CHIT1 retains 75% of its
enzymatic activity at pH of 7.0, whereas AMCase is only 30% active 9, 24. We found that
chitinase activity in BAL was undetectable at pH 2.2 in the large majority of samples; lavage
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from only one subject (a smoker) had activity above the lower assay limits (Figure 1A). In
contrast, chitinase activity was easily detectable in BAL from all subject groups at pH’s of 4.6
and 7.0, although values at pH 7.0 were ~20% lower than at pH 4.6 (Figure 1A). In addition,
chitinase activity at pH 4.6 and pH 7.0 were strongly correlated (rho=0.99, p <.0.0001). This
pH profile for chitinase activity in lavage is consistent with the activity of CHIT1 in lung
secretions and inconsistent with significant AMCase activity 9, 24.

Comparison of chitinase activity at pH 4.6 between subject groups revealed that activity was
lower than normal in the asthma subgroup and markedly higher than normal in COPD (Figure
1B). Specifically, median chitinase activity was 60% lower than normal in the asthma subgroup
(0.38 nmoles/ml/hr [interquartile range 0.2–1.77] vs 0.95 nmoles/ml/hr [0.57 – 1.47], p=0.077)
(Figure 1B). In contrast, median chitinase activity was 7-fold higher than normal in the COPD
subgroup (6.64 [1.90 – 17.48], p<0.0001)(Figure 1B).

Chitotriosidase is the primary active lung chitinase
The absence of BAL chitinase activity at pH 2.2 in nearly all subjects coupled with high activity
at pH 7.0 suggested that CHIT1 was the primary source of chitinase activity in the lungs. To
examine this hypothesis further, we exploited knowledge of a common null genetic variant in
the CHIT1 gene. Namely, there is a well-characterized 24bp duplication polymorphism in exon
10 of the CHIT1 gene, resulting in abnormally spliced mRNA and completely inactive CHIT1
protein 8. Subjects homozygous for this duplication should not display significant chitinase
activity at either pH 4.6 or 7.0 if CHIT1 is the only source of chitinase activity in the BAL
fluid. DNA was available on 58 of the original 77 subjects used to measure chitinase activity,
including 25 asthmatics, 19 healthy subjects, and 14 smokers. Genotyping the 24bp duplication
revealed 2 of the healthy subjects (10.5%), 4 of the asthmatic subjects (16%), and none of the
smokers were homozygous for the duplication. Strikingly, all six subjects homozygous for the
CHIT1 duplication displayed no chitinase activity at either pH 4.6 or pH 7.0 (Figure 2), a result
which strongly implicates CHIT1 as the primary source of chitinase activity in human lung
secretions. Indeed, no subjects genotyped lacked chitinase activity at either pH 4.6 or pH 7.0,
other than those homozygous for the CHIT1 duplication polymorphism. Furthermore, we found
median chitinase activity levels to be higher in subjects not carrying the duplication versus
subjects heterozygous for the duplication, implying a gene dosage effect (Figure 2). This
additive genotypic effect of the CHIT1 duplication on chitinase activity was tested by linear
regression and persisted after correcting for age, gender, and race (P < 0.0001).

Absence of AMCase enzymatic activity is due to inactive splice variant
The pH profile of chitinase activity in BAL samples and the effect of the CHIT1 duplication
on BAL chitinase activity argue against AMCase activity in human lung secretions. However,
previous reports have found AMCase mRNA expression in both lung epithelial and
macrophage cells 13. Moreover, another study found expression of multiple splice variants of
the AMCase mRNA in human lungs 10. Interestingly, one of these splice variants (TSA1902S)
results in the removal of the sixth exon which contains the conserved active site residues
required for enzymatic activity of the AMCase protein (Figure 3A) 10. Based on this report,
we hypothesized that the TSA1902S transcript was the primary splice variant of AMCase
mRNA expressed in the lung. To test this hypothesis, we designed two sets of quantitative RT-
PCR primers. The first primer set was designed against a portion of the AMCase mRNA
contained in all known transcripts (Figure 3A). The second primer set was designed against a
region within the spliced out Exon 6 of the inactive TSA1902S variant (Figure 3A). We used
these two primer sets to measure AMCase transcripts in the two main cell types with the
potential to secrete chitinase proteins into the airway; epithelial cells from 76 bronchial
brushing samples and airway macrophages purifed from a subset (n=45) of the subjects. As a
positive control, we also measured AMCase transcripts in human stomach poly A RNA (pooled
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from 7 subjects, Clontech, Mountain View, CA). Epithelial gene expression of AMCase
examined with either primer was low or absent (data not shown); this was not a result of assay
failure, because abundant AMCase transcripts were detected in stomach tissue using both
primer types. Using the first primer set, we detected “total” AMCase expression in
macrophages, but we found no difference in expression between subject groups (Figure 3B).
Using the second primer set, we found absent or very low expression of AMCase in
macrophages from all subject groups (Figure 3B). These data indicate that the AMCase mRNA
expressed in lung macrophages is primarily a splice variant lacking exon 6 and thus
enzymatically inactive.

To examine AMCase at the protein level, we probed BAL from a subset of subjects for AMCase
using sodium dodecyl sulfate-polyacrylamide gel electrophoresis (Figure 4). Semi-quantitative
densitometry analysis of the protein blots showed that AMCase protein levels were lower than
normal in asthmatic subjects (P = 0.023) (Figure 4). BAL AMCase protein data was available
for three of the six subjects homozygous for the null CHIT1 duplication. AMCase protein was
easily detectable in BAL from these three subjects, even though, as described above, all three
had no chitinase activity in their BAL. Taken together, these results suggest that the AMCase
protein detectable in lung secretions is an isoform lacking enzymatic activity.

CHIT1 gene expression is strongly correlated with lung chitinase activity
CHIT1 gene expression was most abundant in macrophages but was also observed in epithelial
cells (Figure 5A & 5B). Expression was markedly increased in both epithelial cells and in
macrophages from the smoker subgroup (Figure 5A & 5B). Moreover, CHIT1 gene expression
in macrophages was positively correlated with lung chitinase activity ( rho = 0.68, P < 0.0001)
(Figure 5C). We also found a positive correlation between CHIT1 gene expression in epithelial
cells and lavage chitinase activity, although the association was not as strong as in macrophages
(rho = 0.52, P < 0.0001) (data not shown).

DISCUSSION
We characterized the relative contribution of both active human chitinases, CHIT1 and
AMCase, to chitinase activity in the lung from healthy subjects, asthmatics, and habitual
smokers with mild COPD. We determined chitotriosidase to be the primary active chitinase in
the lung, and we found that it’s expression is strongly dependent on genetics and on smoking
habit.

We used a multi-faceted approach to establish that CHIT1, not AMCase, is the principal active
chitinase in the human lung, including determination of enzymatic activity, gene expression,
and protein expression. We found that the pH profile for lung chitinase activity was consistent
with the activity of CHIT1, not AMCase, showing high activity at near neutral pHs values and
a complete absence of activity at low pH values 9, 24. In addition, we found a lack of chitinase
activity in BAL from all six subjects genetically deficient in CHIT1 activity. Indeed, there
appeared to be an additive effect of the CHIT1 duplication on lung chitinase activity, with
carriers of the duplication variant having reduced chitinase activity compared to non-carriers.
In addition, CHIT1 gene expression in both macrophages and epithelial cells was strongly
correlated with chitinase activity in lung secretions, further solidifying the primacy of CHIT1
in contribution to lung chitinase activity.

AMCase transcript numbers have been reported to be increased in asthmatic airways 13, but
our data do not confirm this. Rather, we find that inactive AMCase variants are expressed in
the lung and that these variants are not differentially expressed in asthmatics or in smokers.
Specifically, our data show that the numbers of “total” AMCase trancripts are higher than the
numbers of active AMCase transcripts in epithelial cells and macrophages in all subject groups.
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This finding agrees with a previous report showing expression of splice variants of AMCase
in the lung, variants which lack regions of exon-six containing the conserved active site residues
required for enzymatic activity 10. Consistent with this is our finding that BAL samples which
had no chitinase activity still had detectable AMCase protein, indicating that the protein lacks
chitinase activity.

Our results have important implications for the role of chitinases in asthma. Paradoxically,
mouse studies have implicated lung chitinase activity in both the promotion of allergen-induced
airway inflammation and in reduction of chitin-induced airway eosinophilia 13, 14. Our results
indicate that the upregulation in lung chitinase activity in mouse models of asthma does not
extend to human asthmatics. In fact, our results do not support a pro-inflammatory role for
lung chitinase activity in asthma pathology; rather, we find that chitinase activity tends to be
lower than normal in asthmatics. Furthermore, we find that AMCase protein levels in BAL are
lower than normal in asthma. These results are more supportive of the proposed protective role
of chitinase activity and chitin-binding proteins in asthma and allergy, as evidenced by the
inhibition of polymeric chitin’s Th2 inflammatory effects after digestion with AMCase 14. It
is important to note several limitations with regard to interperation of this data. First, our
observations were restricted to stable mild-moderate adult asthmatics. It will be important to
determine whether our observations extend to subjects with more severe disease or in response
to acute allergen challenge. Second, although the lung expressed AMCase is inactive, it does
retain an intact chitin-binding domain, and as such it could bind chitin-containing
environmental allergens and affect airway inflammation. The function of chi-lectins is
unknown but these molecules have been implicated in mechanisms of tissue remodeling and
inflammation 25–28..

Chitinase activity was markedly higher than normal in bronchoalveolar lavage from the
subgroup of habitual smokers with mild COPD. To our knowledge, this is the first report of
increased chitinase activity in airway secretions from smokers. CHIT1 gene expression was
much higher in macrophages than in epithelial brushings, and we found a positive correlation
between lavage chitinase activity and CHIT1 gene expression in macrophages, findings which
point to macrophages as the main cellular source of the chitinase activity in these subjects. The
mechanism by which cigarette smoke induces CHIT1 expression remains to be determined.
Plant chitinases have well defined roles in pathogen response 29 and the role of human
chitinases has generally been assumed to be in defense against chitin containing pathogens
30, 31. One possibility is that there are chitin particles in inhaled tobacco smoke, which occur
as a consequence of fungal infection of tobacco leaf. It is estimated that as many as 270 fungal
spores may be present in a single cigarette, and fungal spores from A. alternata have been
detected in cigarette ash 32–34. Polymeric chitin is known to be pro-inflammatory 14, and if
present in cigarette smoke, may activate macrophages and airway epithelial cells to increase
chitinase expression and/or secretion. Other fungal-derived compounds such as beta glucans
can also induce chitinase production from plants and are potent macrophage stimulators 35.

In conclusion, we have used multiple lines of evidence including biochemical, genetic, and
gene and protein expression data in determining that chitotriosidase, not acidic mammalian
chitinase, is the primary chitinase responsible for chitinase activity in the lung. We found that
chitinase activity tended to be lower than normal in asthma, a finding which supports a
protective role for chitinolytic activity in allergic inflammation. In contrast, chitinase activity
and CHIT1 gene expression are increased in habitual smokers, probably because cigarette
smoke induces activation of pulmonary macrophages. Taken together, our findings show that
chitotriosidase activity in lung disease is modulated in ways which reflect underlying disease
susceptibilities and specific environmental exposures.
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Figure 1. Effect of pH and disease status on chitinase activity in 77 bronchoalveolar lavage (BAL)
samples
Panel A – Points represent chitinase activity measured for each BAL sample using the synthetic
chitin substrate 4-MU-(4-deoxy)chitobiose in McIlvaine’s buffer at pH 2.2, pH 4.6, and pH
7.0. Line represents the median value.
Panel B – Points represent chitinase activity measured for each BAL sample stratified by
disease status. *Indicates significantly greater than healthy, p<0.05.
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Figure 2. Chitinase activity in BAL stratified by CHIT1 24bp duplication genotype status
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Figure 3. AMCase gene expression in lavage macrophages from healthy subjects, asthmatics, and
habitual smokers
Panel A - AMCase protein domain structure, with region spliced out in TSA1902S transcript
denoted by arrows and dotted lines. Red arrows denote region amplified by RT-PCR primer
set 1, and blue arrows denote region amplified by RT-PCR primer set 2.
Panel B - AMCase gene expression stratified by red primer set 1 (active site-containing
transcripts) and blue primer set 2 (all AMCase transcripts)
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Figure 4. AMCase protein in BAL from healthy subjects (n = 13), asthmatics (n = 16), and habitual
smokers (n = 19)
Y-axis values generated from densitometry analysis of protein bands relative to intensity of
control AMCase protein. *Indicates significantly less than healthy, p<0.05.
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Figure 5. CHIT1 gene expression and correlation with BAL chitinase activity
Panel A – CHIT1 gene expression in bronchial brushings stratified by disease status. *Indicates
significantly greater than healthy, p<0.05.
Panel B – CHIT1 gene expression in lavage macrophages stratified by disease status. *Indicates
significantly greater than healthy, p<0.05.
Panel C– Scatterplot of CHIT1 gene expression by BAL chitinase activity at pH 4.6.
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Table 1
Clinical characteristics of subject groups.

Characteristic Controls Asthmatics Smokers

N 26 40 25

Gender 13F/13M 22F/28M 6F/19M*

Age (years) 40 ± 9 36 ± 12 51 ± 10*

FEV1 (% predicted) 103 ± 12 85 ± 11* 83±16*

FEV1/FVC 0.80 ± 0.05 0.85 ± 0.11* 0.66 ± 0.12*

PC20 (mg/dl methacholine) 64.0 (20.4, 64.0) 0.3 (0.1, 1.0)* 26.8 (6.9, 64.0)*

Pack Years Smoking 0 (0, 0) 0 (0, 0) 38 (27, 44)

GOLD Classification

Class 0 - - 11

Class 1 - - 5

Class 2 - - 9

DLCO (% predicted)† - - 86 ± 19%

No. with DLCO < 80% predtcted - - 8

FOOTNOTE: Data are presented as mean +/− SD or median (interquartile range).

Abbreviations: FEV1, volume of air exhaled in the first second of a forced exhalation;

FVC, forced vital capacity (volume of air exhaled in an entire forced exhalation);

PC20, the concentration of methacholine that caused a 20% decline in FEV1;

DLCO, diffusing capacity to carbon monoxide (†data for n = 24).

GOLD classification denotes presence and severity of COPD 36.

No subjects with asthma were using corticosteroids or long-acting β-agonists prior to enrollment.

*
, P < 0.05 compared with nonsmoking healthy control subjects based on Mann-Whitney two-sample ranksum test for quantitative traits and χ2 analysis

for gender.
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