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Abstract: 25 

Background:  The persistence of eosinophils in sputum despite high doses of corticosteroids 26 

indicates disease severity in asthma. Chronic inflamed airways over time may lose tolerance to 27 

immunogenic entities released upon frequent eosinophil degranulation, which further contributes 28 

to disease severity and necessitates increase in maintenance corticosteroids.  29 

Objectives: To investigate the possibility of a polyclonal autoimmune event in asthmatic 30 

airways, and identify associated clinical and molecular characteristics.   31 

Methods:  Presence of autoantibodies against eosinophil peroxidase (EPX) and anti-nuclear 32 

antibodies (ANAs) was investigated in eosinophilic asthmatics maintained on high dose 33 

corticosteroids and/or prednisone. The ability of sputum immunoglobulins to induce eosinophil 34 

degranulation in vitro was assessed. In addition, the associated inflammatory micro-environment 35 

in patients with detectable autoantibodies was examined.  36 

Results: We report a “polyclonal” autoimmune event occurring in the airways of prednisone-37 

dependent asthmatics with increased eosinophil activity and/or recurrent pulmonary infections, 38 

evident by the concomitant presence of sputum anti-EPX and ANAs of the IgG subtype. 39 

Extensive cytokine profiling of the sputum revealed a Th2-dominated micro-environment 40 

(eotaxin-2, IL-5, IL-18, IL-13), and increased signalling molecules that support the formation of 41 

ectopic lymphoid structures (B-cell activating factor, B-cell attracting chemokine-1). 42 

Immunoprecipitated sputum immunoglobulins from patients with increased autoantibodies 43 

triggered eosinophil degranulation in vitro, with release of extensive histone-rich extracellular-44 
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traps; an event unsuppressed by dexamethasone possibly contributing to the steroid-unresponsive 45 

nature of these eosinophilic patients.  46 

Conclusion: This study identifies an “autoimmune” endotype of severe asthma that can be 47 

identified by the presence of sputum autoantibodies against EPX and autologous cellular 48 

components.  49 

 50 

Capsule summary:  51 

We report a novel concept of an autoimmune inflammation localised to the airways of severe 52 

eosinophilic asthmatics.  This is possibly steroid-insensitive, contributing to disease severity, and 53 

necessitates identification of these patients for appropriate therapeutic strategies. (35 words) 54 

Keywords: severe asthma, eosinophilia, autoantibodies, sputum, eosinophil degranulation, 55 

eosinophil peroxidase, autoimmunity, anti-nuclear antibodies 56 

Abbreviations: FEGs – free eosinophil granules; EPX – eosinophil peroxidase; ANAs – anti-57 

nuclear antibodies; PC20 – provocative concentration causing a 20% drop in FEV1; IP – 58 

immunoprecipitation; Igs – Immunoglobulins; dsDNA – double stranded deoxyribonucleotide 59 

acid; LDH – lactose dehydrogenase; TCC – total cell count; Abs600 – Absorbance values at 600 60 

nm; EET – eosinophil extra-cellular traps. 61 

 62 

 63 

 64 
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Main Text 65 

Introduction: 66 

A persistence of airway eosinophilia despite daily maintenance oral corticosteroids (OCS) 67 

indicates a difficult-to-control population projected to benefit most from anti-eosinophil 68 

biologics currently in development1. However, clinical trials targeting eosinophils in prototype 69 

eosinophilic patients, though successful in depleting circulating eosinophils, resulted in only 70 

~50-70% reduction in exacerbations2; thereby, hinting at the presence of alternative mechanisms 71 

that sustain local inflammation. Emerging hypotheses suggest the presence of localized 72 

mechanisms that are refractory to maintenance corticosteroids, thereby delaying resolution of 73 

inflammation, leading to frequent exacerbations with characteristic clusters of free eosinophilic 74 

granules (FEGs) in sputum3, 4. Increased abundance of FEGs in the airways strongly correlate 75 

with sputum eosinophil peroxidase (EPX) content that are released upon luminal eosinophil 76 

degranulation, indicative of ‘active’ disease5, 6. Indeed, eosinophil degranulation releasing FEGs 77 

indicative of cytolysis or primary lysis is suggested to be pathogenic7.  78 

Increased frequency of immune cell degranulation over time leads to peroxidase enzyme release, 79 

which has known immunogenic properties by the virtue of its ability to cause tissue damage8. 80 

Thyroid peroxidase (TPO) and myeloperoxidase (MPO) have established etiologic roles in the 81 

pathogenesis of autoimmune disorders like Hashimoto’s thyroiditis9 and eosinophilic 82 

granulomatosis with polyangiitis10, respectively. EPX has been reported to cause necrotic lysis of 83 

epithelial cells, in vitro8. We therefore speculated that increased eosinophil degranulation 84 

accumulates immunogenic entities like EPX in airways, and subsequent markers of tissue injury, 85 

i.e., molecules that activate danger-associated molecular pattern (DAMPs) receptors and trigger a 86 
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localized adaptive immune response leading to breach of immune tolerance as per Matzinger’s 87 

“danger” model11.  88 

A breach of mucosal immunity in the lungs is not unprecedented. In the context of asthma, 89 

several studies have shown an association with autoimmunity, although these were observational 90 

in nature without a definite causal relationship. First, circulating ANAs with unknown antigen 91 

specificities were seen in 55% of asthmatics with aspirin-sensitivity, although airways were not 92 

examined12. Two recent studies reported naturally occurring circulating anti-IgE IgG in healthy 93 

subjects, with raised titers in atopic and non-atopic asthma patients13, along with increased 94 

circulating immune complexes in the sera of asthmatic subjects with heightened disease 95 

severity14.  96 

To date, an autoimmune mechanism triggered locally in the lungs targeting eosinophil-specific 97 

antigens to explain asthma severity has not been investigated. Following our hypothesis of 98 

degranulation-mediated increase in immunogenic entities in the airways, we aimed to investigate 99 

the presence of autoantibodies targeted against EPX and autologous cellular/nuclear material i.e. 100 

ANAs, to further assess the possibility of a localized polyclonal autoimmune event associated 101 

with asthma severity.  102 

Methods: 103 

Patient samples: 104 

This was a retrospective study conducted with archived sputum samples collected from asthma 105 

patients during routine clinical management at the Firestone Clinic, with approval from the local 106 

Hospital Research Ethics Board (HiREB), St Joseph’s Hospital, Hamilton, ON. Random sputum 107 

supernatants used in this study were categorised based on the nature and history of their 108 
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bronchitis, viz.: (i) eosinophilic (EA) patients with current sputum eosinophils > 3%, normal total 109 

cell count (TCC) < 9.7 x 106 cells/g, and a history of sputum eosinophilia that requires daily 110 

maintenance corticosteroid; (ii) neutrophilic (NA), current infective bronchitis with TCC > 9.7 x 111 

106 cells/g, neutrophils > 65%, eosinophils < 1.5%, and no history of sputum eosinophilia; (iii) 112 

Mixed phenotype/ pleiotropic bronchitis (MEA), recurrent infective bronchitis, TCC > 9.7 x 106 
113 

cells/g, neutrophils >65%, eosinophils >1.5% or history of sputum eosinophils that requires daily 114 

maintenance corticosteroids. 15 healthy volunteers with no known respiratory or systemic 115 

disorders, no personal/immediate family history of autoimmune disease and no event of an 116 

infection within 4 weeks of their sputum induction participated in the study with written consent. 117 

All subjects were non-smokers (<10/pack year) or never smokers.  Subject characteristics are 118 

summarized in Table I, and information collected is with respect to the date of the archived 119 

sputum sample used for the study.  Asthma diagnosis was based on either post-bronchodilator 120 

reversibility >12% and/or PC20< 8 mg/mL in methacholine provocation challenge, while severity 121 

was determined by the maintenance corticosteroid dosage 15. 122 

Measurement of airway eosinophil activity (sputum EPX and FEG index) 123 

Sputum was induced with hypertonic saline as described previously16 and the endogenous EPX 124 

content was measured by ELISA in the cell-free supernatant.5 FEGs in the sputum cytospin were 125 

ranked by two independent medical technologists between 0-3 (where, 0 = none, 1 = few, 2 = 126 

moderate and 3 = many), for the current sputum sample, and that of two more samples preceding 127 

it (based on sputum database maintained for all patients seen at Firestone Clinic). The index was 128 

computed as the sum of the ranks over three consecutive sputum samples divided by the 129 

maximum possible outcome i.e. 3x3=9, and the mean sum of the two indices thus calculated was 130 
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considered as the FEG index. This allowed us to take into consideration both the degree of 131 

current and previous degranulation.  132 

Detection of sputum autoantibodies  133 

In order to detect Ig reactivity in sputum, cell-free soluble fractions of processed sputum 134 

supernatants were subjected to immunoprecipitation (IP) with Protein A/G beads to generate IP-135 

Igs, as described recently17. Anti-EPX reactivity was assessed using an indirect ELISA17, 136 

developed in-house, and expressed as absorbance at 600 nm (Abs600) after background 137 

correction. An ANA Line Immunoassay strip (IMTEC-ANA-LIA-Maxx,  Human Worldwide, 138 

Weisbaden, Germany) was adapted for detecting sputum ANAs (using manufacturer’s protocol, 139 

except for the initial step, where 100 µL of sputum supernatant was incubated overnight at 4⁰C, 140 

with 700 µL of diluent). The sputum reactivity against eosinophils was further validated by 141 

confocal microscopy (refer to online repository for method) 142 

Sputum cytokines 143 

All reported cytokines and chemokines were analysed by Eve Technologies (Calgary, Canada; 144 

HD65 Discovery assay), except for BAFF (Quantikine ELISA, R&D Systems, MN, USA).  145 

Assessing eosinophil degranulation with sputum IP-Igs 146 

Freshly prepared IP-Igs from individual patient samples with high sputum autoantibody titers, 147 

low/ no sputum autoantibodies and healthy, were coated onto 48-well tissue-culture plates, 148 

blocked with 2.5% human serum albumin for 2 hrs at 37˚C. 1 x 105 eosinophils, isolated using 149 

MACSxpress® Eosinophil Isolation kit, Miltenyi Biotec GmbH, Germany, as per manufacturer’s 150 

protocol) in serum-free RPMI1640 media ± 10-6M dexamethasone (Sigma Aldrich) were added 151 
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to the Ig-coated wells, incubated for 12 hr at 37˚C, 5% CO2. Lactose dehydrogenase activity 152 

(LDH assay, Abcam) was measured along with ds-DNA release in the collected supernatants 153 

(Quant-iT™ PicoGreen® dsDNA Assay Kit, Molecular Probes). To visualize the event, 0.5 x 154 

105 eosinophils were added to the IP-Ig coated chamber-slides (Lab-Tek II) for t = 3, 6, 9, 12 hrs. 155 

At given time-points, the wells were fixed with 4% PFA, probed with 0.1 µg/mL of anti-histone 156 

monoclonal antibody (Millipore, CA, USA), and counterstained with anti-mouse IgG Alexa 157 

Fluor 488 (Molecular Probes). Events were visualized with a Nikon Eclipse TE2000-E (Melville, 158 

NY, USA) fluorescence microscope and a Q-imaging Retiga 2000R camera (Surrey, British 159 

Columbia, Canada). Care was taken not to permeabilize the cells during the protocol. 160 

All other reported protocols and statistical methods are provided in the online data supplement. 161 

Results: 162 

Identification of anti-EPX IgGs in a sub-set of eosinophilic asthmatics “localised” in the 163 

airways 164 

We detected anti-EPX IgG in 51 eosinophilic patients diagnosed with asthma (EA) compared to 165 

15 healthy controls (HC) (Figure 1A); the former comprising a sub-population of daily OCS 166 

users with Abs600 values > cut-off. To characterise this sub-population, we segregated the 51 167 

eosinophilic patients based on their daily corticosteroid use. The proportion of anti-EPX IgG was 168 

greater in the OCS-dependent group compared to both inhaled (ICS)-dependent and HCs (Figure 169 

1B). When we next analyzed the nature of inflammation and bronchitis history, we identified 170 

patients within the ICS-group with Abs600> cut-off, who had a history of recurrent infections 171 

(sputum TCC >14 x 106 cells/g, neutrophils > 65%, eosinophils >1.5% or history of sputum 172 

eosinophils requiring daily prednisone). Finally, these 51 EA patient samples were classified into 173 
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three distinct groups based on nature of their bronchitis, with an additional age and sex-matched 174 

neutrophilic asthma group (NA) added to constitute the final cohort (Table I). The data 175 

distribution for the final cohort (Figure 1C) showed significantly increased anti-EPX IgG signal 176 

in the “OCS-EA” sub-group comprising of prednisone-dependent patients with persistent sputum 177 

eosinophils and the “MEA” sub-group of patients with airway eosinophilia (despite 178 

corticosteroid use)/history of eosinophilia, and recurrent infections with increased sputum TCC.  179 

In addition, we chose 15 severe eosinophilic asthmatic patients from within our final study 180 

cohort for whom matched serum for the tested sputum sample was available. A direct 181 

comparison of sputum IP-Igs and the serum autoantibody titres was conducted, results of which 182 

suggested anti-EPX IgGs to be “localised” to the airways (Figure 1D).  183 

To address the concern that Protein A/G binds to IgA and IgM with a lower affinity than IgG, we 184 

tested the anti-EPX reactivity for all three isotypes in the neat sputum supernatant, the matched 185 

eluted IP-Ig and non-Ig wash-through fraction, in parallel (Figure 1E, n = 10, severe asthmatic, 186 

sputum eosinophils>3%, refer to Table E1 for patient demographics ‘validation cohort’).  Anti-187 

EPX reactivity in the sputum supernatant was significantly weaker when probed for IgA and IgM 188 

compared to IgG (P< 0.0001, Two-way ANOVA). This further validated the use of IP-Igs as the 189 

source for detecting anti-EPX reactivity since the signal lost in the wash-through fraction was 190 

minimal. We investigated the nature of anti-EPX Igs detected in the sputum IP-Igs of 10 191 

eosinophilic sputa (sputum eosinophils >3%) against non-eosinophilic (n = 4, sputum 192 

eosinophils <2%) and healthy (n = 6) comprising the ‘validation cohort’ (n = 20, Table E1). It 193 

was confirmed that the anti-EPX antibodies were of IgG subtype (Figure 1F-H). Finally, 194 

significant binding of sputum IP-Igs to fixed, permeabilized eosinophils allowed a visual 195 

confirmation of the phenomenon (Figure 1I, 1J, see Figure E1 for complete panel staining). 196 
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The modest co-localisation of sputum IgG staining with EPX (r = 0.23-0.71) and extensive 197 

cytoplasmic staining suggested the occurrence of autoantibodies of possible multiple reactivities 198 

to autologous eosinophilic cellular components. 199 

Autoantibodies to nuclear and extractable nuclear antigens in the airways 200 

To investigate the underlying propensity towards an autoimmune phenomenon, coupled with the 201 

evidence of detectable ANAs in COPD airways20 and anti-double stranded DNA IgG (dsDNA) 202 

in the nasal polyp extracts from CRS patients21, 22, we analysed autoantibodies to 17 common 203 

autoantigens related to nuclear and extractable nuclear components (ANAs). The ANA scores on 204 

the immunoassay strips (refer to Figure 2A for an example of the scoring index) were cross-205 

validated with Hep-2 substrate slides (Immco Diagnostics, Buffalo, New York, USA), as described 206 

recently17 (Figure 2, panel B). A significant increase in the ANA scores was observed in the 207 

OCS-EA and MEA groups (Figure 2C). The similar distribution pattern of both ANAs and anti-208 

EPX reactivity in the final cohort (Figure 2C, 1C) was corroborated by the significant 209 

correlation value (Figure 2D), thereby indicating a “polyclonal” autoimmune event. The staining 210 

patterns varied from homogenous, speckled and mitochondria-like between the samples (data not 211 

shown). This further reiterated the presence of autoantibodies of multiple specificities, typical of 212 

a polyclonal autoimmune response. No significant difference was seen in the serum ANA profile 213 

between healthy volunteers and 15 severe eosinophilic asthmatics (reported in Figure 1D) with 214 

detectable sputum ANAs (Figure 2E). Taken together, the presence of a localized autoimmune 215 

event with in situ generation of IgG autoantibodies to EPX and nuclear/cytoplasmic antigens was 216 

evident.  217 
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Clinical relevance:  Increased autoantibodies in the asthmatic airways contribute to eosinophil 218 

“activity” 219 

Statistical analysis revealed significant correlation scores between sputum autoantibody (IgG) 220 

levels and both EPX and FEGs, but none with intact eosinophils (Figure E2) indicating that 221 

autoimmune response was abundant in the airways of patients with high eosinophil luminal 222 

activity. Therefore, we next investigated the clinical relevance of increased autoantibodies in the 223 

airways, to address whether their presence was a mere epiphenomenon or contributory to the 224 

observed airway eosinophil activity. We did not co-IP autoantibodies to determine antigen-225 

specificity (for example, anti-EPX IgG), since the aim of this experiment was to assess the 226 

consequence of increased IgG autoantibodies in the airways, and to assess their effects on naïve 227 

eosinophils, using an unaltered physiological pool of sputum Igs.  228 

We determined that sputum IP-Igs with increased autoantibody titers (both anti-EPX IgG and 229 

ANAs) induced eosinophil degranulation in vitro. This was evident from the loss of membrane 230 

integrity (LDH release) and extensive extracellular release of histone-coated chromatin traps, 231 

indicative of eosinophil extracellular traps (EETs), observed with increasing time-points (Figure 232 

E3). Indeed, extensive events of EET formation were quantified (LDH activity and dsDNA 233 

content in the collected supernatants) and found to be significantly induced by sputum IP-Igs 234 

from patients with high autoantibody titres compared to those with low autoantibodies and 235 

healthy individuals (Figure 3). Addition of dexamethasone at a physiologically relevant 236 

concentration (10-6M) failed to suppress sputum Ig-induced degranulation (Figure 3C, D), 237 

reflecting similar observations by Gleich et al23.   238 
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Mechanism of autoimmune susceptibility in severe asthma 239 

The finding that not all eosinophilic asthmatics exhibit detectable sputum autoantibodies 240 

suggests the presence of regulatory mechanisms to support local immunogenic tolerance32-35. In 241 

autoimmune disorders like systemic lupus erythematosus and rheumatoid arthritis (RA), a strong 242 

association with lymphopenia and reduced regulatory cells has been established to be 243 

accountable for the loss of peripheral tolerance36.  Though the majority of our study subjects 244 

have low peripheral lymphocyte counts, we failed to document any significant correlation of 245 

sputum autoantibodies with either circulating or sputum lymphocyte levels using the absolute 246 

values documented at the time of sputum induction (Figure 4A-D). Since the pathomechanism 247 

initiated by lymphopenia is time-dependent, based on the gradual compensatory homeostatic 248 

expansion of autoreactive clones subsequently leading to loss of peripheral tolerance, we also 249 

considered using an index that takes into account transient lymphopenic events over time i.e. the 250 

history of lymphopenia (i.e., evidence of reduced blood lymphocyte counts <1.5 x109/L in three 251 

or more occasions. Though lymphopenia has often been shown to have causality in development 252 

of autoimmunity, in our observations neither absolute lymphocyte counts (at the time of sputum 253 

induction) nor the  history of lymphopenia, were seen to be associated with presence of sputum 254 

autoantibodies (Figure 4A-F). Since eosinophil degranulation was determined to be associated 255 

with the presence of autoantibodies in both clinical and murine studies, we segregated our 256 

population into patients with concurrent presence of increased airway activity (degranulation) 257 

and history of lymphopenia (Figure 4G, H). Indeed, a significant increase in the prevalence of 258 

both anti-EPX IgG and ANAs was evident in patients with increased degranulation presenting 259 

with a history of lymphopenia. Further, we observed that all patients with high sputum TCC with 260 

concurrent history of lymphopenia and airway degranulation had autoantibodies in their sputum.  261 
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Identifying patients with an autoantibody signature: clinical and molecular parameters 262 

To identify clinical parameters that are associated with localised autoimmune responses we 263 

adopted the following strategy considering our sample size. Patients with autoantibody signature 264 

were defined as those with anti-EPX IgG or ANA above the cut-off threshold (calculated cut-off 265 

based on mean absorbance values of HCs +2 x standard deviation (SD), represented by dotted 266 

lines in Figures 1C and 2C). A non-parametric test (independent samples, Mann-Whitney) was 267 

conducted for every individual clinical parameters based on the distribution between the two 268 

groups (patients with autoantibodies vs patients without autoantibodies). We next performed 269 

multivariate regression analysis (method: Stepwise, IBM® SPSS® version 23.0) separately for 270 

each autoantibody signature (Anti-EPX IgG/ANA) using the clinical parameters with a 271 

significant P  value ≤ 0.01 (refer to the online repository Table E 2A for the individual P values, 272 

Table E3 for model summary and excluded variables). FEG index and sputum total cell count 273 

(TCC) were selected as positive predictors for anti-EPX signature generating a model with 274 

R2=0.235, standard error of estimate (SEE) = 0.44, P = 0.001, while FEG index was the sole 275 

predictor for the presence of ANAs (adjusted R2=0.119, SEE = 0.47, P = 0.01) (Table II). The 276 

model thus suggested that patients with increased events of eosinophil degranulation (indicated 277 

by FEG index) and increased sputum TCC, suggestive of susceptibility to infection, were more 278 

likely to have localised auto-inflammatory responses.  279 

Non-parametric analysis of all the 67 inflammatory mediators and correlation studies identified a 280 

unique micro-environment in patients with an autoantibody signature i.e. either/or anti-EPX IgG 281 

and ANAs (see Table E3, online repository). Eight inflammatory mediators were computed to be 282 

significantly (P value ≤ 0.01) increased in these patients (represented in Figure 5) with a 283 

significant correlation, viz., IL-13, 1L-5, 1L-18 (Th2 environment), eotaxin-2 (eosinophil 284 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
Mukherjee et al. 2016 

  13 

 

recruitment), macrophage-derived chemokine (MDC), IL-16 (Th2 cell recruitment) and finally, 285 

BCA-1 and BAFF (increased B cell activity). To identify molecular predictors we used the same 286 

strategy as before. Again, only those cytokines/mediators were chosen for the regression model 287 

whose P value in the non-parametric test was ≤ 0.01 (refer to the online repository Table E 2B 288 

for the individual P values, Table E4 for model summary and excluded variables).  The 289 

regression analysis suggested BAFF and IL-13 to be positive predictors for the presence of anti-290 

EPX IgGs (R2= 0.458, SEE = 0.365, P=0.000), and eotaxin-2 and BAFF for predicting sputum 291 

ANAs (R2= 0.296, SEE = 0.428, P = 0.000) (Table II). The molecular signature thus suggested 292 

that autoimmune responses were likely to be higher in asthmatics that retained a Th2 293 

environment with increased eosinophil recruitment and B-cell activity.  294 
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Discussion  295 

We report a novel observation of pathogenic autoantibodies in the sputum of patients with 296 

persistent eosinophilia and severe asthma. Sputum autoantibodies against EPX, and several anti-297 

nuclear antigens, absent from the circulation, suggest that a polyclonal autoimmune event 298 

localized to the airways has occurred in these patients, the presence of which directly correlates 299 

with asthma severity. Patients with the proposed ‘autoimmune endotype’ require high doses of 300 

corticosteroids to control their asthma, which is characterized by increased airway eosinophilic 301 

degranulation, coupled with sputum cellularity suggestive of infection, and systemic 302 

lymphopenia. These patients presented with a unique sputum cytokine signature indicative of 303 

increased eosinophil recruitment, chronic Th2 inflammation, and B-cell activity.  304 

In our study cohort of 79 subjects, levels of both anti-EPX IgG and ANAs were higher in 305 

patients with prednisone-dependent eosinophilic asthma and in those with severe asthma and a 306 

pleiotropic bronchitis compared to the patients with mild-to-moderate eosinophilic asthma and 307 

patients with neutrophilic asthma. Atopy, smoking status, and body mass index were not 308 

determinants of the autoantibody levels (see online supplementary Table E2 and E3). Since 309 

prevalence of the detected autoantibodies was significantly less in the mild-to-moderate 310 

eosinophilic group (ICS-EA, Figure 1C, 2C), it is reasonable to assume that the loss of tolerance 311 

demonstrated in our findings, occurs with disease progression. However, other unknown 312 

underlying events cannot be discounted at this stage that could simultaneously be responsible for 313 

both the loss of tolerance and disease progression. Finally, as a limitation of our cohort, although 314 

the normal subjects were not age-matched to the asthmatic subjects, there was no statistical 315 

difference in the ages of the four groups of asthmatic subjects (Table I).   316 
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It is unlikely that these observations are secondary to a non-specific binding from increased level 317 

of IgGs (HCs vs. 51 EA, Mann Whitney test, P <0.001). When total IgG was analysed in the 318 

final cohort (Figure E4) a significant increase was charted only for the mixed pleiotropic group 319 

(MEA). In addition, staining intensities on Hep-2 slides (Figure 2B) were not influenced by total 320 

IgG content in sputum. The presence of autoreactive IgE subtypes in these patients is considered 321 

unlikely due to the unremarkable total IgE content in the final cohort (Figure E4, D), and the 322 

non-significant correlation of IgE with sputum autoantibody levels (Anti-EPX: r = -0.04, P = 323 

0.72; ANAs: r = 0.136, P = 0.33). It is interesting to note that, similar to our observation of 324 

localized autoreactive-IgGs in an eosinophilic micro-environment, there have been recent reports 325 

of anti-ds DNA IgGs in nasal polyp extracts from CRS patients21, with no evidence of IgE auto-326 

reactivity22. Despite the emerging evidence of a Th17-axis in autoimmunity37, we could not 327 

determine any correlation between detected autoantibodies and airway levels of IL-17 or IL-23 328 

(correlation values in Table E4). In addition, one of the most commonly observed sputum 329 

reactivity (bands) on the ANA Line-Immunoassay was against dsDNA, similar to the 330 

observations in CRS patients21, 22. Even though a direct causality between chronic eosinophilic 331 

inflammation and development of local autoimmunity could not be established, observations 332 

reported in CRS patients and our recent findings in severe eosinophilic airways suggest a strong 333 

association. It is also important to mention that the potential of a polyclonal autoantibody 334 

response as seen in these patients may simply be the non-specific consequence of the unresolved 335 

inflammation.  336 

Chronic unresolved inflammation is considered a critical trigger for iBALT formation24, 26, with 337 

a typical chemokine signature comprising of BCA-1, CCL21 and BAFF, as seen in Sjögren’s 338 

disease38 and RA39, 40 presenting with pulmonary complications. Increased sputum BAFF and 339 
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BCA-1 levels (Figure 5) coupled with BAFF as a positive predictor for the presence of lung 340 

autoantibodies (Table II), support the likelihood of local B-cell clusters as the seat of 341 

autoantibody generation. We were unable to confirm the presence of B-cell clusters in our 342 

patients; since we did not have access to resected lung tissue (bronchoscopic mucosal tissue 343 

might not suffice). However, a recent description of ‘asthma granulomatosis’ was based on the 344 

immunohistological evidence of granulomas in lung biopsies from severe prednisone-dependent 345 

patients41. Again, double transgenic mice l5/hE2  with severe respiratory inflammation and 346 

airway eosinophil degranulation (that resembles our patient population), were seen to have 347 

localised anti-EPX IgG in their broncho-alveolar lavage fluid (BALF), in addition to positive 348 

immunohistological staining for B-cell clusters (refer to the online methods, results, and Figure 349 

E5). The presence of granulomas or ectopic lymphoid structures with higher organisation 350 

(iBALT) in our autoantibody-positive patients is possible. Furthermore, localized expression of 351 

BAFF, BCA-1, IL-16 and IL-15 (Table E3), would support both T-cell-dependent and -352 

independent B-cell activation and differentiation to antibody-secreting plasma cells in situ24, 42, 353 

while increased eotaxin-2, IL-13 would enhance eosinophil recruitment into the lungs.  354 

Recently, IgG-mediated eosinophil degranulation with formation of extensive extra-cellular 355 

DNA traps, termed as EETosis, was reported in vitro 43 and in vivo in CRS tissue 44. Gleich and 356 

co-workers demonstrated in 1996 that IgG caused eosinophils to degranulate (undergo 357 

exocytosis) to release EPX and potentially free granules45.  Therefore, an increase in IgGs in the 358 

asthmatic airways (due to increased autoantibodies) coupled with active eosinophil recruitment is 359 

likely to trigger eosinophil degranulation and EETs. However, from our current data-set, it 360 

cannot be concluded whether EET formation is induced specifically by downstream signalling of 361 

autoantibody-target antigen interaction or IgG:Fcγ receptor cross-linking. There is early clinical 362 
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evidence that ragweed-allergen specific IgG from asthmatic sera induced eosinophil 363 

degranulation in vitro, which was abolished in the presence of anti-IgG, anti-FcγRII antibodies 364 

but not with anti-IgE or anti-FcεRII46. In addition, increased IgG-autoantigen complexes in the 365 

airways as a result of an autoimmune response would lead to ligation of FcγRII, which has been 366 

shown to inhibit glucocorticoid-induced eosinophil apoptosis47. This, coupled with our 367 

observation that dexamethasone was unable to suppress the Ig-induced extracellular trap 368 

formation (Figure 3C, D), possibly underlies the steroid-insensitivity observed in the putative 369 

autoimmune endotype.  370 

In our current set of patients we failed to demonstrate a significant association between the 371 

presence of lymphopenia and the years of prednisone use (r = 0.25, P = 0.08, Table E2). Further, 372 

‘prednisone dose’ in our multivariate regression model was not computed to be a ‘predictor’ 373 

(refer to excluded variable ‘OCS’ in Table E3). In addition, a recent study shows that variations 374 

in the “immunome” with corticosteroid treatment do not affect regulatory T-cell populations, the 375 

suppression of which is implicated in the development of autoimmunity48. Finally, l5/hE2 murine 376 

model (refer to the online methods, results, and Figure E5) which resembles our asthmatic 377 

population with respect to intense airway eosinophil degranulation were seen to develop anti-378 

EPX IgG, without being subjected to any steroid treatment. Nevertheless, we acknowledge that 379 

without a longitudinal study with a justified sample size, the role of long-term corticosteroid use 380 

in the development of the observed autoimmunity cannot definitively be ruled out.  381 

In conclusion, these findings suggest that some patients with severe asthma may have 382 

autoantibodies against autologous eosinophilic cellular components that can be detected in 383 

sputum. These patients, crudely estimated to be approximately a third of patients with severe 384 

eosinophilic asthma, can be identified as those who have luminal eosinophil degranulation, 385 
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lymphopenia, and recurrent infective bronchitis, and a characteristic lung Th2 micro-386 

environment along with increased B-cell activity; features that are often overlooked in routine 387 

clinical practice. Comprehensive understanding of the molecular events that lead to the described 388 

autoimmune endotype will pave the way for better and novel therapeutic options and improve 389 

patient management.  390 
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Table I: Demographics of Subjects in the final study cohort 532 

Patient Groups ICS-dependent  

Eos Asthma 

OCS-

dependent  

Eos asthma 

Mixed 

Phenotype 

Eos 

Asthma 

Neutrophilic  

Infective 

Asthma 

Healthy 

Controls 

p 

value 

Abbreviation used in text ICS-EA OCS-EA MEA NIA HC  

Asthma severity Mild-to-

moderate 

Severe Moderate-

to-severe 

Mild-to-

moderate 

None 

Bronchitis Eosinophilic  Eosinophilic Pleiotropic Neutrophilic None 

Subjects, n 13 20 18 13 15 

Female, n (%) 7 (54) 10 (50) 11 (61) 8 (61) 7 (47) 0.8922 

Mean Age (range)  56 (23- 80) 53 (28-79) 60 (33-75) 55 (19-73) 34 (20- 56)* <0.000

1 

BMI  26.8 ± 4 33.01 ±  5 30.2 ±  7 30.8 ±  4 24.8 ±  4* 0.0023 

Asthma Onset  

(adult, % of n) 

11 (84) 16 (80) 16 (88) 6 (46)* n/a 0.031 

Lung function 

FEV1 %  77.6  ± 18.9* 57.6  ±15.5 59.2  ±22 71  ± 28 96.1  ± 9.6* < 

0.001 

FEV1/FVC  0.67  ±0.13 0.6  ±0.12 0.6  ±0.14 0.63  ±0.18 0.85 ±0.04* < 

0.001 

Daily Rx 

ICS, median (range) 500 (250-2000) 1200 (500-

4000) 

1125 (500-

2000) 

750 (0-3600) n/a 0.0701 

OCS, median (range) 0 (0)* 11.25 (0-40) 6.25 (0-35) 0 (0-20)* n/a 0.0003 

Indices of Airway Inflammation 

Sputum TCC Mean (range) 2.3 (0.3-6.3) 7.2 (0.2-26.6) 48.6 (18.0 -

288)* 

45.8  (14.8-

150.9)* 

5.19 (1.8- 

9.2) 

<0.000

1 

Neutrophil% (range) 48.0  

(10.7 - 83.2) 

43.3 

(5.7 - 88.2) 

84.4 * 

(47 - 99.5) 

90.6* 

(67.3 - 99.7) 

32.0 

(5.3 - 60.8) 

<0.000

1 
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Eosinophil%  (range) 16.5  

(3.7-69.3) 

27.89  

(3.3-87.8) 

3.8  

(0-14.7) 

0.2  

(0-0.8) 

0.27  

(0-1.5) 

<0.000

1 

Symptoms/Risk factors 

Atopy, n (%)# 9(69) 10 (50) 12 (66) 6 (46) 8 (53) 0.6295 

Sinus disease n (%) 9 (69) 13 (65) 13 (72) 6 (46) n/a 0.4497 

CRSwPolyps n (%) 7 (53) 9 (45) 7 (38) 2 (15) n/a 0.2077 

Ex-smoker>10 pack-

history, n (%) 

4 (31) 2 (10) 5 (27) 8 (62) 0* 0.0016 

Indices of Systemic Inflammation 

Total LKCs 8.775 ± 2.5 10.68 ± 4.1 11.46 ± 4.1 9.892 ± 3.7 n/a 0.2782 

Absolute eosinophils  0.38± 0.27 0.5 ± 0.5  0.3389 ± 0.3 0.1 ± 0.1* n/a 0.005 

Absolute neutrophils 5.825 ± 2.1 7.767 ± 3.6 8.839  ± 4.2 7.523 ± 3.7 n/a 0.1385 

C-reactive protein (CRP)  7.914 ± 15.3 6.97 ± 4.9 16.37 ± 23.1 22.4 ± 36.2 n/a 0.4441 

Total serum IgE  260 ±319 650 ±1200 350 ±453 107 ±120 n/a 0.2382 

Autoantibodies, n (%) 1 (7) 0 3 (16) 3 (23) 0 0.1154 

ANA (n) 1 0 3 2 0  

ANCA (n) 0 0 0 1 0 

Family history of  

(Autoimmune), n 

3 1 0 1 0 

Thyroid complications,  

n (%) 

2 (15) 1 (10) 4 (11) 1 (15) n/a 0.3982 

Data presented as Mean ± SD (standard deviation); Range (min-max); BMI: body mass index; FVC: 533 

forced vital capacity; CRS: chronic rhinosinusitis; LKCs: leukocytes; ICS- mcg daily equivalent dose of 534 

fluticasone propionate; OCS - prednisolone, mg/daily; ANA - hospital panel includes antibodies against 535 

dsDNA, chromatin, Ribosomal P, Centromere B,  Sm, smRNP, SSA, SSB; SSB (La); Scl-70; Anti-536 

Topoisomerase; Jo-1; Healthy Reference range for Blood LKCs: 4.0 – 11.0 x 109/L; eosinophils: 0.0-0.3 x 537 

109/L;  neutrophils: 2.0 – 7.5 x 109/L; cut-off for CRP (C-reactive protein) 5.0 mg/L, IgE >165 kIU/L; 538 

*indicates the group with significant variation; #Atopy was defined as positive reaction to skin prick test; 539 

Rh factor, ESR and physician notes from patient charts within 3 months of sputum sample used. 540 
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Table II: Clinical identification of patients with airway autoimmune endotype 541 

Regression 

Model 

Predictors Beta 

coefficient 

(standardized) 

R square Adjusted 

R Square 

Std. Error 

of the 

Estimate 

F (df) Sig. 

1A. Clinical Parameters for Predicting Anti-EPX IgG 

  FEG Index 0.493 0.235 0.206 0.44367 7.992 0.001 

  Sputum 

TCC 

0.301 

1B. Clinical Parameters for Predicting ANAs 

  FEG Index 0.345 0.119 0.099 0.47694 6.07 0.018 

2A. Molecular Parameters for Predicting Anti-EPX IgG 

  BAFF 0.465 0.458 0.443 0.36504 30.792 0.000 

  IL-13 0.431 

2B. Molecular Parameters for Predicting ANAs 

  Eotaxin-2 0.467 0.296 0.274 0.42821 13.048 0.000 

  BAFF 0.223 

*Dependent variable: Sputum autoantibody signature (either based on ANA index or anti-EPX 542 

IgG). Data summarised from SPSS (version 23) output of model summary, ANOVA table and 543 

coefficients. Model summary and list of excluded variables provided in online supplementary 544 

(Table E2, E5).Method used: stepwise. Sig.-significance based on ANOVA.  545 

 546 

Figure Legends: 547 

Figure 1: Asthmatics with sputum eosinophilia have anti-EPX IgGs in their airways: Anti-EPX 548 

IgG reactivity of sputum IP-Igs from patients (A) with eosinophilic asthma (EA, n = 51, blue 549 

square indicates patients on daily OCS) compared with healthy controls (HCs, n = 15), P = 550 

0.0002, Mann Whitney U Test. (B) ICS-EA patients, and those on daily maintenance oral 551 

corticosteroid (OCS-EA). Purple squares indicate eosinophilic patients with recurrent bronchitis. 552 

P < 0.0001, Kruskal Wallis, (C) final cohort n = 79 grouped into ICS-EA (no infection, n = 13), 553 

OCS-EA (no infection, n = 20), and mixed EA (MEA, recurrent infection, ICS and/or OCS 554 
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dependent, n = 18), and an additional neutrophilic, non-eosinophilic asthmatic group (NIA, n = 555 

13), *indicates significant difference between groups, Kruskal Wallis, Dunn’s Multiple 556 

comparison Test. (D) Anti-EPX IgG titers of matched sputum vs. sera from 15 severe asthmatics. 557 

Data presented as mean ± SEM for each titer. P < 0.0001, Two-way ANOVA with Sidak’s 558 

multiple comparison test. (E) Protocol validation for using Protein A/G eluted 559 

immunoprecipitated eluate (IP-Ig) for detection of anti-EPX IgG, IgA, IgM (n = 10 severe 560 

eosinophilic asthmatics, Two-way ANOVA, Tukey’s multiple comparison *indicates P<0.01, 561 

**P<0.001, ***P<0.0001). (F,G,H,) Anti-EPX ELISA conducted on three parallel plates (n = 562 

20, Validation cohort, supplementary Table E1) with sputum IP-Igs probed separately for IgG, 563 

IgA IgM reactivity. (I, J) Representative micrographs of sputum IgG reactivity shown in green, 564 

EPX (red) and nuclei visualised using DAPI. Images presented as overlay of the three channels 565 

to visualise co-localization (Figure E1 for individual channels). The fluorescence intensity for 566 

sputum IgG binding normalised to the area for all three subjects, P < 0.0001, Friedman Test 567 

(repeated measures).  N.B. calculated cut-off based on mean absorbance values of HCs +2 x 568 

standard deviation (SD), represented by dotted lines. 569 

Figure 2: Anti-nuclear/extractable antigen antibodies detectable in asthmatic sputum: (A) A 570 

representative scoring pattern is presented for estimating the ANA Index Score. Two blinded 571 

observers assigned a score between 0-4 to each band specific for the given autoantigen. A score 572 

of 1 is given to a band showing comparable intensity to the internal cut-off control. The sum total 573 

score for all 17 autoantigens was divided by the maximum possible score i.e. 17x4 = 68, and the 574 

average of both the scores were used to generate an ANA Index for each patient sample. The 575 

ANA indices were validated with Hep-2 substrate slides and representative micrographs are 576 

presented in Panel (B). The ANA scores were plotted, and each symbol represents an individual 577 
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subject score represented in (C) final cohort n = 79; P <0.0001, Kruskal-Wallis, post Dunn 578 

Multiple comparison test. The dotted line represents the cut-off value of 0.08 calculated based on 579 

the mean ANA Index of 15 HCs + 2 x SD.(D) Significant positive correlation between sputum 580 

ANAs and detected anti-EPX IgG; Spearman’s rank test, (E) sera ANA scores between 15 severe 581 

asthmatics (with detectable sputum ANAs) and HCs, Mann-Whitney test, at 1:100 as per 582 

manufacturer’s instructions.  583 

Figure 3: Sputum Igs with increased autoantibody levels cause eosinophil cytolysis with 584 

extracellular traps, in vitro: Representative images of eosinophil cytolysis induced upon 12 h 585 

incubation with immobilised IP-Igs from patient with high autoantibody (aAb) levels (n = 8), 586 

low aAb level (n = 7) and healthy volunteers (n = 5). Each symbol represents an sputum from an 587 

individual subject. (A) Immunostaining with anti-histone monoclonal antibody (green) shows 588 

visual confirmation of increased histone rich extra-cellular traps on fixed, non-permeabilized 589 

eosinophils with the respective Ip-Igs or uncoated control. Nuclei stained by DAPI. Images 590 

captured at 10x and 40x ; (B) the respective anti-EPX IgG Abs600 values of the sputum IP-Igs 591 

used for this experimental set is given, Kruskal-Wallis followed by Dunn’s post-hoc multiple 592 

comparison test; (C) dsDNA release in the collected media was quantified and (D) LDH activity, 593 

measured as NADH conversion as a function of time, was monitored in the media supernatants 594 

from 48 well-plates  run in parallel as a quantitative measure of the extent of cytolysis between 595 

the samples, uncoated control and assess the suppressive effect of 10-6 M dexamethasone. 596 

Kruskal-Wallis followed by Dunn’s post-hoc multiple comparison test ** Significant difference 597 

between the groups, P < 0.01, *P<0.05. Data represented as mean ± SEM; aAb - autoantibody.  598 

Figure 4:  Sputum autoantibodies are prevalent in patients with increased airway degranulation 599 

and a history of lymphopenia: Association of sputum autoantibodies with (A) circulating 600 
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lymphocytes (absolute counts) and (B) sputum lymphocytes (absolute counts) and (C, D) 601 

distribution in the patient sub-sets in the final cohort. The dotted lines represent the reference 602 

range for circulating lymphocytes. ANOVA with Holm-Sidak’s multiple comparison test (E, F) 603 

Anti-EPX and ANA scores plotted for all subjects divided into asthmatics with normal 604 

lymphocyte counts, and those with a history (Hx) of lymphopenia (assessed as blood absolute 605 

lymphocyte count < 1.5 x 109/L on current and past two occasions). Mann-Whitney Test.  (G, H) 606 

Study population divided into four groups based on history of lymphopenia and degree of 607 

degranulation (measured by FEG index scores). Anti-EPX IgG values and ANA Index scores 608 

were plotted. *indicates significant difference between the groups, P < 0.05, ** P < 0.01, 609 

ANOVA with Holm-Sidak’s multiple correction. The cut-off thresholds for both autoantibody 610 

detections are represented by the dotted line on the respective plots. Purple indicates patients 611 

with sputum TCC and neutrophil% indicative of infection. 612 

Figure 5: Distribution of mediators included in the molecular signature for autoimmune 613 

endotype: Scatter plots for sputum expression levels of the positive predictors - (A-D) mediators 614 

suggestive of Th2-dominated environment: ,IL-5, IL-13, IL-18, Eotaxin-2; (E-F) mediators 615 

indicative of increased B cell activity: BAFF, BCA-1,  and (G, H) Th2 cell recruitment: IL-16, 616 

MDC. Each symbol represents an individual patient; red indicates sputum with positive 617 

autoantibody signature (i.e. detectable anti-EPX IgG and/or ANA above respective cut-offs). 618 

*indicative of significant difference between groups <0.01, ** P P <0.001, *** P <0.0001, 619 

Kruskal-Wallis with Dunn's multiple analysis.  620 

All figures to be printed in colour. 621 
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