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Abstract
Asthma leads to chronic airway inflammation that shares pathological features of chronic rejection
after lung transplantation. Due to significant role of autoimmunity in chronic rejection, we
hypothesized that immunity to self-antigens may also be present in asthma. The goal was to define
immune responses to self-antigens in patients with asthma. Blood and clinical data were collected
from 99 asthmatics and 60 controls. Serum was analyzed for antibodies (Abs) to Collagen V
(ColV) by ELISA and correlated with disease severity. Asthmatics' sera were tested in human
protein array to determine immune responses to other self-antigens. Asthmatics had higher
concentration of Abs to ColV (predominantly IgG isotype) compared to control (p < 0.01). These
Abs correlated with severe asthma (p<0.01) and corticosteroid use (p=0.032). Additionally, Abs to
novel self-antigens epidermal group factor receptor (EGFr), activin A type 1 receptor, and alpha-
catenin (α-catenin) were detected in asthmatics. We conclude that Abs to self-antigens (ColV,
EGFr, Activin A type 1 receptor, and α-catenin) are present in asthmatics sera correlating with
clinical disease. Epithelial damage from airway inflammation during asthma may result in
exposure of cryptic self-antigens or their determinants resulting in immune response to self-
antigens and these may contribute to pathogenesis of asthma.
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1. INTRODUCTION
Asthma is defined as “a complex common chronic disorder of the airways that is
characterized by variable and recurring symptoms, airflow obstruction, bronchial hyper-
responsiveness, and underlying inflammation” [1]. The airway inflammation leads to
morphological changes that include epithelial shedding, basement membrane thickening,
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smooth muscle hypertrophy, mucosal hyperplasia and neovascularization. These encompass
the chronic airway remodeling that is central to the pathogenesis of asthma.

Asthma was classified into – “extrinsic asthma” mediated predominantly by allergens; and
“intrinsic asthma” without demonstrable exogenous allergens [2] which are now termed
“allergic” and “non-allergic” asthma [3]. However, studies now suggest asthma to be a
heterogenic condition with a variety of factors, both allergen and non-allergen, that
contribute to its pathogenesis [4]. More recently studies have implicated the role for
autoimmunity in the pathogenesis of asthma. Correlations of asthma with the prevalence of
various autoimmune diseases such as Type I diabetes [5], rheumatoid arthritis [6], etc have
been demonstrated. Additionally, there is evidence for a variety of auto-antibodies in
patients with asthma such as anti-nuclear [7–9], anti-β2 –adrenergic receptor [10, 11], anti-
bronchial epithelial cytokeratin 18 [12], anti-alpha enolase [13, 14], and antibodies (Abs) to
IgE and the high affinity IgE receptor – FcεRI [15]. However the role of these Abs in
asthma still remains unclear.

Studies from our laboratory, as well as others, have demonstrated the immunopathogenic
role of immunity to extracellular matrix proteins (Collagens (Col)) in the development of
chronic rejection following lung transplantation (LTx) [16–19]. Chronic lung rejection,
clinically diagnosed as bronchiolitis obliterans syndrome (BOS), is an obstructive airway
disease characterized by chronic airway inflammation similar to that seen in asthma. Mares
et al first provided evidence of the role of autoimmunity to ColV in the development of BOS
[20] and subsequent studies further established that induction of tolerance to ColV protected
from development of BOS [21]. ColV is found in the perivascular, peribronchial tissues, and
the alveolar interstitium [22]. Recent studies have elucidated the role of T helper cells
including Th17 responses to ColV in the development of Abs to ColV and its possible role
in the pathogenesis of BOS following LTx [17, 18, 23, 24]. In light of evidence that
immunity to self–antigens including immune responses to extracellular matrix protein,
ColV, is involved in the pathogenesis of obstructive airway disease following human LTx,
we postulated a role of immunity to ColV in the development of inflammation and
obstructive airway disease seen in asthma. Sera from asthma patients were analyzed for
presence of Abs to ColV using ELISA and the isotype of Abs was determined. These were
correlated with clinical disease severity and laboratory parameters such as blood counts,
lung function tests and use of inhaled corticosteroids. Our results demonstrate that the
prevalence and strength of immune responses to ColV correlates with severity of disease in
patients with asthma. Further, our preliminary analysis demonstrated that asthma patients
also have circulating Abs to other novel self-antigens including Epithelial Growth Factor
receptor (EGFr), Activin A type 1 receptor and alpha-catenin (α-catenin). These results
suggest a plausible role for immune responses to self-antigens in asthma.

2. Subjects and methods
2.1 Study participants

Asthmatic subjects attending the Pulmonary Clinic at Washington University/Barnes Jewish
Hospital St. Louis, MO, were consecutively enrolled for this cross sectional study. Ninety-
nine asthma patients were enrolled with criteria of: age between 18 to 60 years, confirmed
diagnosis of asthma by a physician including a positive methacholine challenge test or ≥
15% improvement in FEV1 (forced expiratory volume in 1 second) post brochodilation on
spirometry, and use of asthma therapy for at least 1 year. Subjects with a history of smoking
in the past 5 years or greater than 5-pack year smoking history and those with other
concurrent lung disease were excluded from the study. Diagnosis of asthma and disease
severity was determined by the American Thoracic Society (ATS) consensus workshop and
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NHLBI guidelines [25]. In addition to this, 60 non-asthmatic controls with no history of
lung diseases or smoking were enrolled by convenience sampling.

Blood and sputum were obtained at the time of enrollment. Cell counts were determined at
the clinical pathology laboratory at our center. Serum isolated from whole blood was stored
at −70°C until future use. Spirometry and a methacholine challenge test was performed for
all asthmatic subjects at the time of enrollment. Other demographic and clinical data were
determined at the time of enrollment and retrospective review of patient clinical database.
Subjects from whom blood was not obtained or those who did not undergo spirometry
testing were not included in the study. In control subjects only blood was collected and
sputum and pulmonary testing was not done.

This study was approved by the Institutional Review Board at Washington University in St.
Louis School of Medicine and all subjects were enrolled after written informed consent.

2.2 Enzyme Linked Immunosorbent Assay (ELISA)
A standardized ELISA test for detecting human Abs to ColV was done as described
previously [26]. In brief, ninety-six well ELISA plates were coated with 200ng/100 μl of
human ColV (Sigma, St Louis, MO). Diluted serum (1:200) was tested for binding to ColV
and Abs detected by secondary peroxidase conjugated mouse anti-human IgG (Jackson
Immunoresearch, West Grove, PA). Plates were developed using tetramethylbenzidine and
read at 450nm. Concentration of Abs was determined based on a standard curve using the
binding of known concentration of standard rabbit anti-ColV (Abcam, Cambridge, MA) that
was detected with mouse-anti-rabbit IgG secondary Ab (Santa Cruz Biotech). The assay was
normalized to a known value of the Ab concentration of control serum from healthy
individuals that is run in each assay plate. This assay is validated by our lab and has a linear
range from 21ng/mL up to 2000ng/mL. All results were expressed in ng/mL. Our assay has
a positive cut-off value of 125ng/mL as determined previously by normal human serum
[26].

To determine the isotype specificity of anti-ColV we performed an ELISA similar to the
above procedure on those sera using mouse anti-human IgG-HRP, IgA-HRP, IgM-HRP, or
IgE-HRP secondary Abs (Jackson Immunoresearch). Concentration of individual isotypes
was determined by a similar standard curve.

2.3 Identification of immunity to autoantigens in the sera of asthma patients by ProtoArray
Human protein microarray was performed on the pooled serum samples from asthmatics
with Abs to ColV using the Human Protein ProtoArray kit (Invitrogen, Carlsbad, CA) to
identify other Abs in sera of asthmatic subjects. These samples were used on the assumption
that individuals with pre-existing humoral immunity to ColV were more likely to have Abs
to other self-antigens as well. These were compared to pooled control serum.

Array was performed as per manufacturer's instructions. Briefly, microarrays were blocked
with 1% bovine serum albumin for 1 hour at 4°C on an orbital shaker set at 50 rpm.
Following incubation, array was washed and incubated with serum samples for 90 minutes
at 4°C. Pooled sera from each group were tested on individual microarray plates. Secondary
Alexa Fluor 647 goat anti-human Abs were used for detection and plates scanned using a
microarray scanner. Images obtained were analyzed by GenePix Pro microarray data
acquisition and ProtoArray Prospector software. From the list of proteins showing
significant interactions with samples, those found in both asthma and control groups were
excluded. Among the remaining targets, only those present in the lung were identified and
reported.
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2.4 Statistical analysis
Power calculation was done on the basis assumption of alpha = 0.05 and power of 0.8.
Keeping the minimum detectable difference of our assay at 10ng/mL, led to calculation of a
minimum number of 54 patients per group to maintain significance. Analysis was performed
using GraphPad Prism (La Jolla, CA) and SPSS 19 (IBM Inc, Chicago) and data represented
as mean ± standard deviation (SD). Shapiro Wilk's test was used to check for normality and
non-normal data was log transformed. Concentration of Abs to ColV, and other clinical and
demographic variables were compared using the ChiSquare test, Mann Whitney U test and
Kruskal Wallis Test as appropriate. Pearson correlational analysis was performed to
determine relationship to clinical variables. A two-sided level of significance was set at
p<0.05.

3. RESULTS
3.1 Study Subjects

In total 159 individuals were included, that encompassed 99 asthmatics and 60 controls.
Amongst those with asthma, 34 (34.3%) had mild intermittent or mild persistent asthma, 49
(49.4%) had moderate persistent asthma, and 16 (13.3%) had severe asthma. Clinical and
demographic features are listed in Table 1. Although those with severe disease were
significantly older compared to other groups (35.7±11.4 vs. 421.1±11.3 vs. 49.4±12.2 years,
p=0.01) the mean age at the time of diagnosis of asthma was similar in all three groups
(p=0.499, Table 1). Those with severe asthma disease had significantly lower FEV1
(81.5±13.0% vs. 76.4±12.6% vs. 67.4±13.3%, p=0.05). Similarly the inhaled corticosteroid
dose was significantly higher in the severe asthmatics (in mg/day: 642.7±479 vs. 987.2±566
vs. 2567±2744, p=0.002).

The non-asthmatic control population had a male to female ratio of 6:3 with a mean age of
42 years (range 18–62 years). The control population had normal lung function with no
history of lung disease or smoking.

3.2 Development of Abs to ColV in asthma patients and its correlation with severe asthma
The serum concentration of Abs to ColV was determined by ELISA. Abs to ColV was
significantly detected in all asthma cohorts (mild, moderate and severe disease) compared to
the control (Figure 1). In addition, concentration of anti-ColV positively correlated with
disease severity, with patients with severe asthma demonstrating the highest concentration
of Abs in comparison to those with mild (p=0.009) or moderate disease (p=0.046) (in ng/mL
– 445±45 vs. 536±64 vs. vs. 768±84) (Figure 1). The concentration of Abs in the control
population was significantly lower than those with asthma (79±25.5 ng/mL, p=0.002).
Among the mild asthmatics – 29 out of 34 patients were positive (>125ng/mL) based on our
assay's cut-offs with an anti-ColV concentration ranging from 95ng/ml to 520ng/mL. All the
patients in the moderate (anti-ColV range 226ng/mL to 630ng/mL) or severe asthma (anti-
ColV range 514ng/mL to 874ng/mL) cohort were positive for anti-ColV. None of the
control patients were positive for anti-ColV.

3.3 Abs to ColV in serum of asthma patients are predominantly of IgG isotype
To determine the isotype specificity of ColV Abs in the sera of asthmatics, serum from
patients positive for anti-ColV IgG (mild group n=29, moderate group n=49, severe group
n=16) were tested additionally for IgA, IgM and IgE Abs to ColV. Patients with asthma
develop IgG, IgA and IgM subtype of Abs to ColV that are significantly higher than among
the control subjects (IgA: severe vs. moderate vs. mild vs. control: 92±16 vs. 53±12 vs.
24±10 vs. 2±1, p=0.03; IgM 430±49 vs. 259±38 vs. 104±59 vs. 65±41, p=0.02) (Figure 2).
In addition, it was found that in all the three asthma groups, the percentage of IgG Abs to
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ColV was significantly higher in comparison to IgA and IgM subtypes (IgG:IgM:IgA: Mild–
76.1:17.8:6.1%, Moderate 63.1:30.5:6.4%, Severe 59.5:33.3:7.2%, Figure 3). IgM, and IgA
isotype concentrations in the controls were within normal limits of our assay. Interestingly,
IgE subtype of Abs was not detected either in controls or in the asthma subjects studied
(data not shown).

Hence, these results demonstrate that asthma patients develop Abs to ColV that correlate
with disease severity. Abs formed are of IgG, IgA or IgM isotype amongst which, the IgG
type of Abs to ColV are predominant in circulation.

3.4 Abs to ColV correlate with markers of asthma including lung function and dose of
inhaled steroids

The relation between the concentration of Abs to ColV and demographic and spirometric
variables was tested by Pearson correlational analysis (Table 2). Increasing concentration of
Abs to ColV were strongly related to a less than 12% change in FVC following
bronchodilation (r=22.78, p=0.006).

In addition, the Abs to ColV positively correlated with increasing daily corticosteroids
dosage (r=0.3, p=0.032). It is important to note that severe asthmatics higher daily inhaled
steroid usage (Table 1). Cinico-demographic variables including age, gender, BMI as well as
parameters related to atopy such as eosinophil and neutrophil counts did not correlate with
Abs to ColV (Table 2).

3.5 Abs to EGFr, Activin A receptor Type 1 and α-catenin alpha 1 in the sera from asthma
patients

As a preliminary study to detect the presence of Abs to other self-antigens in asthma serum,
we pooled 6 serum samples from each of the three asthma groups with the highest
concentration of anti-ColV IgG and compared the results to pooled serum from control
individuals. This was based on the assumption that if IgG Abs to ColV were detected, then it
is likely that there maybe immune responses to other self-antigens. These asthmatic and
control sera were tested on two separate human protein ProtoArray capable of detecting Abs
to over 9000 proteins. Our analysis demonstrated that in the sera from asthmatics there were
Abs which bound to 57 possible self-antigens compared to the control. We then analyzed for
those antigens that are preferentially expressed in the lung (Figure 4). This led to
identification of 3 antigens out of the 57 detected by the sera from asthmatics: 1) EGFr –
modulates epidermal growth factor signaling; 2) Activin A receptor Type 1 – receptor for
activin that modulates tissue development, inflammatory and repair responses; and 3) α-
catenin – maintains cytoskeletal integrity as a component of adherence junctions.

4. DISCUSSION
Asthma is mediated by a central chronic inflammatory process that results in characteristic
airway remodeling. Various pathogenic mechanisms have been postulated in asthma. In this
study we evaluated for the presence of immunity to self-antigens (ColV) in asthma subjects.
Abs to ColV was detected in sera of asthmatics that significantly correlated with disease
severity. These Abs, which were predominantly of the IgG isotype, were also positively
associated with markers of asthma including lung function and steroid inhalation. In
addition, preliminary protoarray based analysis of pooled serum from asthma patients
demonstrated Abs to other self-antigens – EGFr, Activin A receptor and α-catenin that are
expressed in the lung and are involved in growth factor signaling, tissue inflammation and
repair and maintaining cytoskeletal integrity.
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Although humoral immunity to self-antigens has been described in asthmatics [7–15], the
role of these Abs in the pathogenesis and progression of asthma remains unclear. However,
reports from our laboratory, as well as others, have shown an immunopathogenic role of Abs
to ColV in chronic rejection (BOS) following LTx [16, 17, 26]. BOS is a chronic
inflammatory airway obstructive disease that shares several histopathological features with
airways in asthma, thus identification of Abs to ColV in asthmatics supports the hypothesis
that these may be involved in the pathogenesis of asthma.

The concentration of Abs to ColV in patients with severe asthma was significantly higher as
compared to the controls (p=0.002), as well as those with mild (p=0.009) and moderate
asthma (p=0.046) (Figure 1). This demonstrates that Abs to ColV are seen in asthma and
those patients affected the worst due to asthma display the highest amount of Abs to ColV.
We hypothesize that airway inflammation in asthmatics leads to both inflammatory damage
and remodeling of the airway epithelium which should correlate with the severity of the
disease. This may result in increased exposure of cryptic self-antigens or its determinants
that leads to a loss of peripheral tolerance and development of an immune response against
these self-antigens. Although the pathological factors that may contribute to the
development of such an immune response in asthma patients is currently not well
understood, some likely etiological factors may include bacterial and viral respiratory
infections, both of which have been postulated to bring about airway inflammation and
exacerbate asthma [27–29]. Thus, the finding that such immune responses to ColV is found
in the entire spectrum of asthma patients (Figure 1, 2, 3) highlights their association with the
disease process. Also such an immune response self-antigens may not be limited to ColV
alone but to other self-antigens in the lung, as suggested by our preliminary protoarray
analysis using pooled sera from asthma patients.

The detection of IgA type of Abs to ColV as well as the absence of IgE type of Abs to ColV
is interesting in the context of understanding the pathogenesis of asthma. IgA can interact
with Fc-receptors on eosinophils and result in NADPH oxidase activation and eosinophil
degranulation [30]. Thus IgA Abs to ColV may bind to damaged airway epithelial surfaces
and exacerbate the inflammation by activation of eosinophils. In addition, IgE Abs to ColV
were not seen and Abs to ColV did not correlate with makers of atopy including eosinophil
counts (Table 2). This suggests that immunity to self-antigens (ColV) is present and may
contribute to the pathogenesis of both allergen and non-allergen mediated asthma.

EGFr is expressed on bronchial epithelium, smooth muscle and basement membrane [31]. It
is a tyrosine kinase receptor that is activated by many ligands including epidermal growth
factor (EGF), transforming growth factor-β (TGF-β) and tumor necrosis factor α. This leads
to downstream activation of MAPK, Akt and JNK that results in various cellular responses
such as epithelial proliferation and differentiation. EGFr expression has been shown to be 2
to 3 fold higher in asthma patients compared to normal subjects [32] and also correlates with
basement membrane thickening, goblet cell hyperplasia and airway mucous production [33,
34]. Additionally, EGFr activation increases IL-8 production that leads to neutrophil
infiltration and lung inflammation [35]. Thus Abs to EGFr may act as its ligand resulting in
sustained activation leading to both chronic airway inflammation and airway remodeling in
asthma.

The activin A receptor modulates activin A, a protein involved in tissue development,
inflammation and repair. Activin A levels have been shown to be increased in asthma both
in the serum [36] as well as in the lung [37]. In addition it may induce allergen specific T
cell response as well as airway remodeling mediated by TGF-β [36, 37]. Thus Abs to the
activin A receptor may enhance immunity to allergens as well as the consequent
inflammation, and remodeling in asthma.
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α-Catenin, similar to E-cadherin and β-catenin, is a structural component of cell junctions
and thus maintains inter-epithelial cell adherence. Reduced levels of α-catenin may
contribute to a defective airway epithelial barrier allowing for eosinophil infiltration [38].
Thus, Abs to α-catenin may directly contribute and facilitate this process.

Due to the cross-sectional nature and retrospective acquisition of clinico-demographic data,
this study is subject to limitations due to availability of data and selection bias. In addition, it
is important to note that asthma itself is characterized by variable fluctuations in airway
inflammation and the cross-sectional nature may account for patients that span the spectrum
of symptomatic and asymptomatic patients. Due to the intrinsic design of the Protoarray
along with the criteria employed for the selecting the Abs, it is unlikely that the results
obtained are due to non-specific binding of serum proteins to the array plate. However, due
to utilization of pooled asthma serum for our current analysis, future studies with individual
patients sera and by the use of other methods such as immunoprecipitation and western blot
analysis with purified proteins are necessary to confirm the novel Abs found and their
potential role in the pathogenesis of asthma.

We acknowledge that this study determined only for the presence of Abs to self-antigens in
asthma patients. We speculate that these immune responses may be pathogenic in the
development of asthma based on the role of such immune responses in the pathogenesis of
other chronic inflammatory diseases. Whether these Abs are indeed pathogenic in asthma or
is it an epi-phenomenon of the ongoing airway inflammation will need to be determined in
future studies on longitudinal cohorts of asthma patients.

In conclusion, this study provides evidence for the development of immunity to various lung
associated self-antigens (ColV, EGFr, Activin A receptor and α-catenin) in patients with
asthma. The development of humoral immune responses particularly to extra cellular matrix
protein ColV directly correlated with the severity of asthma suggesting a possible
pathogenic role for immune responses to self-antigens in the perpetuation of this disease. In
addition, the predominance of an IgG type response with IgA and lack of IgE response to
ColV as well as the presence of Abs to other self-antigens, also suggests that these immune
responses to self-antigens may play a role in both allergen and non-allergen mediated
asthma.
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Figure 1.
Concentration of Abs to ColV (IgG) in asthma patients with mild, moderate and severe
disease. Serum was analyzed by ELISA to detect Abs to ColV. Patients with severe asthma
had significantly higher Abs to ColV compared to other groups. Data represented as mean ±
SD in ng/mL and compared by Mann-Whitney U test
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Figure 2.
Isotype of Abs to ColV in patients with asthma compared to control Abs to ColV of isotypes
IgA (Fig 2 A) and IgM (Fig 2 B) were detected using ELISA using specific secondary Abs.
IgE isotype of Abs were not detected in both groups. Data represented as mean ± SD in ng/
mL and compared by Kruskal Wallis test.
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Figure 3.
Isotype distribution of anti-ColV in the sera of mild, moderate and severe asthma disease. In
both mild/moderate asthmatic and severe asthmatics, Abs to ColV were predominantly of
IgG isotype in the mild (76% of total anti-ColV), moderate (63%) and severe (59%) asthma
patients. Data represented as mean in ng/mL
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Figure 4.
Flowchart of ProtoArray analysis of pooled asthma or control serum.
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Table 1

Clinical and demographic characteristics of asthma subjects by severity of disease

Variable Mild (N=34) Moderate (N=49) Severe (N=16) P*

Age, mean ± SD, years

At time of study 35.7 ± 11.4 42.1 ± 11.3 49.4 ± 12.2 0.017

At diagnosis 14.4 ± 15.4 18.3 ± 15.8 19.4 ± 14.0 0.499

At symptom onset 12.3 ± 13.3 14.9 ± 14.3 19.4 ± 14.0 0.404

Gender, % male 22.22 22.45 33.33 0.827

Ethnicity, %

Caucasian 54.55 45.83 50.00 1.000

Non-caucasian 45.45 54.17 50.00

BMI, mean ± SD 30.8 ± 7.1 33.8 ± 10.3 30.5 ± 5.3 0.471

Asthma history, %

Maternal 36.36 46.15 0 0.373

1st degree family member 63.64 69.23 25.00 0.379

Skin atopy, %

FEV1 mean ± SD, %

Predicted, pre-BD 81.5 ± 13.0 76.4 ± 12.6 67.4 ± 13.3 0.050

Predicted, post-BD 96.3 ± 13.5 86.8 ± 12.6 68.8 ± 11.1 0.020

Change, post-BD 9.9 ± 7.5 12.9 ± 11.3 10.3 ± 5.9 0.933

Change ≥ 12, post-BD† 36.36 37.50 50.00 1.000

FVC, mean ± SD, %

Predicted, pre-BD 91.9 ± 13.0 86.8 ± 12.4 80.3 ± 13.2 0.097

Predicted, post-BD 102.7 ± 11.8 92.8 ± 8.9 83.4 ± 8.6 0.013

Change, post-BD 1.6 ± 6.1 5.3 ± 9.8 7.3 ± 5.1 0.203

Change ≥ 12, post-BD† 9.09 17.39 0.00 1.000

FeNO, mean ± SD, ppm 26.5 ± 14.6 34.8 ± 47.9 15.5 ± 2.8 0.712

PC20, mean ± SD, mg 2.5 ± 3.1 2.1 ± 1.7 NA 0.891

Inhaled corticosteroid dose, mean ± SD, mg 642.7 ± 479 987.2 ± 566 2567 ± 2744 0.002

Inflammatory cells, %

Eosinophils – circulating 2.7 3.2 3.6 0.074

Eosinophils – sputum 2.7 2.9 NA NA

Neutrophils - sputum 19.8 57.6 39.0 NA

†
percent of individuals. BD – bronchodilation. FEV1 – forced expiratory volume in one second. FVC – forced vital capacity. PC20 – provocative

concentration of a substance (methacholine) capable of inducing a 20% decrease in FEV1. NA – no data available for analysis. Data represented as

mean ± SD (where applicable) and compared by Kruskal Wallis Test.
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Table 2

Correlational analyses of serum Abs to Colv and clinical characteristics of asthma patients

Variable All participants with asthma

Statistic P

Age

At time of study −0.040 0.7205

At diagnosis 0.003 0.9794

At symptom onset 0.063 0.5821

Gender

Male 22.08 (19.173, 24.99) 0.530

Female 20.94 (19.159, 22.727)

Ethnicity

Caucasian 19.82 (17.591, 22.05) 0.055

African American 22.85 (20.672, 25.034)

Other

BMI −0.220 0.1131

Asthma history, percent

Maternal

No 22.27 (18.532, 26.014) 0.609

Yes 20.87 (17.063, 24.689)

1st degree family member

No 22.69 (17.169, 28.213) 0.573

Yes 21.18 (18.196, 24.166)

Skin atopy

No 21.09 (15.567, 26.611) 0.834

Yes 20.47 (18.312, 22.634)

FEV1

Predicted, pre-BD −0.024 0.8351

Predicted, post-BD 0.010 0.9557

Change, post-BD −0.201 0.2323

Change ≥ 12, post-BD

No 21.74 (19.032, 24.456) 0.705

Yes 20.87 (16.549, 25.191)

FVC

Predicted, pre-BD 0.028 0.8170

Predicted, post-BD −0.159 0.3622

Change, post-BD −0.277 0.1021

Change ≥ 12, post-BD
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Variable All participants with asthma

Statistic P

No 22.78 (20.545, 25.011) 0.006

Yes 14.31 (7.1749, 21.451)

FeNO 0.072 0.6933

PC20 −0.426 0.0879

Inhaled corticosteroid dose 0.300 0.0322

Inflammatory cells

Eosinophils – circulating 0.347 0.0969

Eosinophils – sputum 0.239 0.2610

Neutrophils - sputum 0.265 0.1126

Pearson correlation coefficients are provided for associations between autoAb concentrations and continuous variables. Mean as well as upper and
lower confidence limit intervals are provided for associations between autoAb concentrations and categorical variables. BD – bronchodilation.
FEV1 – forced expiratory volume in one second. FVC – forced vital capacity. PC20 – provocative concentration of a substance (methacholine)

capable of inducing a 20% decrease in FEV1. NA – analysis could not be performed
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