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ABSTRACT

Purpose: There have been autoimmune mechanisms for the pathogenesis of severe asthma
(SA) involving epithelial autoantigen-specific antibodies. This study aimed to find the
function of these antibodies in the formation of eosinophil extracellular traps (EETs),
contributing to the development of SA.

Methods: Patients with SA (n = 11), those with patients with nonsevere asthma (NSA, n = 41),
and healthy controls (HCs, n = 26) were recruited to evaluate levels of epithelial antigens and
autoantigen-specific antibodies. Moreover, the significance of epithelial autoantigen-specific
antibodies in association with EET production was investigated ex vivo and in vivo.

Results: Significantly higher levels of serum cytokeratin (CK) 18 and CK18-specific IgG were
observed in patients with SA than in those with NSA (P=0.001 and P = 0.031, respectively),
while no differences were found in serum CK19 or CK19-specific immunoglobulin G (IgG).
Moreover, levels of serum CK18 were positively correlated with total eosinophil counts (r
=0.276, P=0.048) in asthmatics, while a negative correlation was noted between levels of
serum CK18 and forced expiratory volume in 1 second (FEV1) %. In the presence of CK18-
specific IgG, peripheral eosinophils from asthmatics released EETs, which further increased
CK18 production from airway epithelial cells. In severe asthmatic mice, CK18 expression and
CK18-specific IgG production were enhanced in the lungs, where EET treatment enhanced
CK18 expression and CK18-specific IgG production, either of which was not suppressed by
dexamethasone.

Conclusions: These suggest that EETs could enhance epithelial autoantigen (CK18)-induced
autoimmune responses, further stimulating EET production and type 2 airway responses,
which is a new therapeutic target for SA.

Keywords: Asthma; keratin; autoantigens; epithelium; immunoglobulin G; eosinophils;
extracellular traps; autoimmunity

INTRODUCTION

Asthma is a chronic inflammatory disease with various phenotypes which is characterized by
hyperresponsiveness and inflammation in the airways.! To date, most asthmatics have been
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controlled by regular use of inhaled corticosteroids (ICS) with/without long-acting beta2-
agonists (LABA); however, patients with severe asthma (SA; 5%-10% among asthmatics)

are suffering from frequent asthma exacerbations even on regular anti-inflammatory
medications, indicating that they have distinct clinical presentations and poor responses

to current medications.? Patients with SA were found to show persistent blood/sputum
eosinophilia, high fractional exhaled nitric oxide levels and frequent asthma exacerbation
rates.>* Although extensive studies have been conducted to understand its pathogenic
mechanism, it remains unsolved, and some other pathways are suggested in its pathogenesis.

The airway epithelium is the first barrier regulating immune responses to environmental
factors. Indeed, emerging evidence suggests that epithelial dysfunction is involved in asthma
pathogenesis.> The epithelial layer was more activated and thicker in patients with SA than

in those with nonsevere asthma (NSA) in association with abnormal cellular processes.®’
Many factors have been shown to contribute to a thickened epithelium, which provides a
microenvironment for persistent airway inflammation.®® Moreover, the bronchial epithelium
is more susceptible to apoptosis, and activated caspases could contribute to the cleavage

of structural proteins.'**> Regarding autoimmune mechanisms, the existence of epithelial
cell-derived autoantigens, including cytokeratin (CK), and the pathogenic role of circulating
autoantibodies to epithelial antigens have been identified in patients with nonallergic
asthma, contributing to poor clinical outcomes."**

Eosinophils are major effector cells driving immune responses against bacterial or fungal
infections by releasing extracellular traps (composed of a complex meshwork of chromatin
filaments and cytotoxic granule proteins).”'® However, overproduction of eosinophil
extracellular traps (EETs) has been reported in relation to the pathology of upper and lower
airway diseases.”® In particular, these traps have been demonstrated to be involved in the
development of SA by stimulating the airway epithelium to enhance type 2/eosinophilic
inflammation via releasing interleukin (IL)-33 and thymic stromal lymphopoietin.**
Moreover, EETs could induce asthma progression via mediating autoimmune responses

in SA; sputum autoantibodies collected from severe asthmatics could trigger eosinophil
cytolysis and EET formation in SA.*' Although multiple factors induce EET formation, the
role of epithelial antigen-specific autoantibodies remains unclear.

Here, we hypothesized that epithelial antigen-specific autoantibodies may contribute to
airway inflammation. The present study enumerated: 1) the levels of epithelial antigens and
epithelial antigen-specific antibodies in patients with SA compared to NSA; 2) the effect

of epithelial antigen-specific antibodies on EET formation ex vivo; 3) the effect of EETs on
epithelial antigen and epithelial antigen-specific antibody production in vivo.

MATERIALS AND METHODS

Patient cohorts and clinical parameters

This study was approved by the Institutional Review Board of Ajou University Hospital
(AJIRB-GEN-SMP-13-108). All study subjects provided written informed consent at the time
of recruitment. To evaluate the significance of epithelial antigens and epithelial antigen-
specific antibodies in the pathogenesis of asthma, patients with SA (n =11), those with NSA
(n =41), and healthy controls (HCs; n = 26) were enrolled. We recruited healthy subjects
who had no history of any allergic disease, including asthma and rhinitis. Asthmatics were
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Table. Demographic data of the study subjects

Variables Healthy controls (n = 26) Asthmatic patients (n = 52) Pvalue NSA (n = 41) SA (n=11) Pvalue
Age (yr) 40.1+9.8 46.1+14.5 0.061 44.4+14.9 52.4+11.5 0.108
Female sex (%) 26.9 GIME 0.086 61.0 63.6 0.872
Atopy (%) 35.0 48.1 0.073 51.2 36.4 0.381
Ex-smoker (%) 25.5 38.5 0.240 18.2 27.5 0.530
Baseline FEV1 (%) ND 80.6 = 23.2 ND 84.3 £ 20.0 66.4 = 29.6 0.021
PC20 (mg/mL) ND 1.6+2.0 ND 1.8+2.1 1.0+ 0.7 0.398
Total IgE (kU/L) 115.3 +184.6 275.6 + 308.4 0.027 181.7 +147.0  300.7 + 335.9 0.260
TEC (cells/pL) ND 323.4+273.0 ND 304.9 + 254.1 391.7 + 339.5 0.443
Sputum Eos (%) ND 26.1+ 31.4 ND 24.3 £ 31.9 31.7 + 30.6 0.525

P values were obtained by Pearson’s ¥ test for categorical variables and by Student’s t-test for continuous variables.
NSA, nonsevere asthma; SA, severe asthma; FEV1, forced expiratory volume in 1 second; methacholine PC20, the provocative concentration of methacholine
required to cause a 20% fall in FEV1; IgE, immunoglobulin E; TEC, total eosinophil count; Eos, eosinophil; ND, no data.

diagnosed by recurrent episodes of wheezing, dyspnea, and cough as well as evidence of
airway hyperresponsiveness (AHR) to methacholine or airway reversibility. In addition,

SA was defined according to the definition of the European Respiratory Society/American
Thoracic Society guidelines.? The patients with SA had maintained a medium-to-high dose
of ICS-LABA, but had experienced > 2 times of asthma exacerbations requiring systemic
steroids (higher than 15 mg/day of prednisolone-equivalent for more than 3 days); the
patients with NSA had maintained a medium dose of ICS-LABA. No one had occupational
asthma. No one was a current smoker; the prevalence of ex-smoker was not different between
severe and nonsevere asthmatics (Table). However, anyone had used systemic steroids, when
we collected eosinophils from their peripheral blood. The degree of airway obstruction was
evaluated using spirometry. The degree of AHR was examined by methacholine bronchial
challenge tests. Atopic status was defined as at least 1 positive result on skin prick tests for
common inhalant allergens (Bencard, Bradford, UK). Total immunoglobulin (Ig) E was
measured using the InmunoCAP system (ThermoFisher Scientific, Waltham, MA, USA).
The total eosinophil count was evaluated using a hematology analyzer (Beckman Coulter,
Fullerton, CA, USA).

Measurement of total IgG, epithelial antigens, and epithelial antigen-specific
antibodies

Blood samples from asthmatics and HCs were collected in BD Vacutainer serum tubes

with spray-coated silica (BD Biosciences, Franklin Lakes, NJ, USA). To isolate the serum,

blood was centrifuged at 2,000 rpm and 20°C for 10 minutes. Total IgG was measured by
immunoturbidimetric assays using a COBAS INTEGRA 800 (Roche, Marlborough, MA, USA).
Levels of human CK18 and CK19 (2 major structural autoantigens within airway epithelial

cells [AEC]) were measured using enzyme-linked immunosorbent assay (ELISA) kits (LSBio,
Seattle, WA, USA) according to the manufacturer’s recommendations. To detect levels of
serum CK18/CK19-specific autoantibodies, recombinant human CK18 and CK19 (10 pg/mL;
Abcam, Waltham, MA, USA) were coated on 96-well microplates (R&D Systems, Minneapolis,
MN, USA) for 24 hours at 4°C. After washes, the plate was blocked by using 1% bovine serum
albumin (BSA; Sigma-Aldrich, St. Louis, MO, USA) in phosphate-buffered saline (PBS) for 1
hour at room temperature. After washing to remove the blocking solution, human sera (50 pL)
were incubated for 2 hours. Then, biotinylated anti-human IgG (2 pg/mL; Sigma-Aldrich) was
added for 2 hours. The horseradish peroxidase (HRP)-conjugated streptavidin (Sigma-Aldrich)
was incubated for 30 minutes, and 3,3', 5,5’ tetramethylbenzidine (TMB) substrate solution
(BD Biosciences) was added for 30 minutes. Optical density was detected by using a microplate
reader (BioTek, Winooski, VT, USA) at 450 nm.
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Isolation of peripheral eosinophils and extracellular traps

Blood samples from patients with SA were collected in BD Vacutainer tubes containing acid
citrate dextrose solution (BD Biosciences). Blood was layered on a Lymphoprep™ Solution
(Axis-Shield, Oslo, Norway), followed by centrifugation at 879 g and 20°C for 25 minutes
without brakes. Then, eosinophils were isolated from the fraction containing red blood cells
and granulocytes using the Eosinophil Isolation kit and MACS Column (Miltenyi Biotec Inc.,
Auburn, CA, USA) according to the manufacturer’s instructions. To induce EET formation,
eosinophils were stimulated with 100 nM phorbol myristate acetate (PMA; Sigma-Aldrich) for
4 hours. Each well was washed twice with a serum-free medium to eliminate PMA and EET-
dissociated molecules. Micrococcal nuclease (ThermoFisher Scientific) was added to degrade
the complex of EETs at 37°C for 20 minutes. Isolated EETs were quantified by measuring the
DNA concentration using the Quant-iT™ PicoGreen dsDNA kit (Invitrogen, Paisley, UK).
Protein concentrations were evaluated using the QuantiPro BCA Assay kit (Sigma-Aldrich).

Measurement of dsDNA and eosinophil granule protein

To measure eosinophil-derived DNA and eosinophil-derived neurotoxin (EDN), eosinophils
were seeded on 48-well plates at a concentration of 5 x 10° cells/well. Cells were treated with
10 pg/mL epithelial antigen-specific antibodies for 18 hours. Eosinophils cultured in the
medium without treatment served as background control. We harvested the supernatant
and attached eosinophils, which were incubated with micrococcal nuclease at 37°C for 20
minutes. DNA levels were evaluated with Quant-iT™ PicoGreen dsDNA kit. Levels of human
EDN were measured using ELISA kits (SKIMS-BIO Co., Seoul, Korea) according to the
manufacturer’s recommendations.

Airway epithelial cell culture and stimulation

A549 cells (American Type Culture Collection, Manassas, VA, USA) were cultured in RPMI
1640 medium supplemented with 10% fetal bovine serum (FBS), 100 IU/mL penicillin, and 50
pg/mL streptomycin. Cells were grown at 37°C in humidified air with 5% CO,. To investigate
epithelial antigen expression, A549 cells were treated with a constant dose of 10 ug/mL EETs
(based on protein concentration) for 48 hours at 37°C in humidified air with 5% CO,.

In vivo experiments

All experimental protocols were approved by the Institutional Animal Care and Use
Committee of Ajou University (IACUC-2019-0024). Female 6-week-old BALB/c wild-type mice
(Orient BIO, Seongnam, Korea) were maintained under specific pathogen-free conditions. To
induce SA, mice were sensitized twice for 2 weeks using saline containing 75 pg of ovalbumin
(OVA; Sigma-Aldrich) with 2 mg of alum (Sigma-Aldrich) by intraperitoneal injection and
challenged 5 times using 6% OVA by super mesh nebulizers (KTMEB Inc., Seoul, Korea).
Mouse dexamethasone (2 png; Sigma-Aldrich) was administered 1 hour prior to each
challenge. To generate an EET-mediated mouse model, mice were treated twice every 1 week
for 1 month with intranasal administration of 0.1 or 1 ug of EETs, and 2 pg of dexamethasone
by intraperitoneal injection. To isolate EETs, mouse blood was obtained from OVA-induced
asthmatic mice, and peripheral eosinophils were collected by using Anti-Siglec-F MicroBeads
(Miltenyi Biotec Inc.) for magnetic-activated cell sorting. Other procedures were conducted
in the same manner as in human samples. To measure AHR, the flexiVent System (SCIREQ,
Montreal, Canada) was used. Each mouse was injected with aerosol methacholine (Sigma-
Aldrich) at increasing concentrations (0, 1.56, 3.12, 6.25, and 12.5 mg/mL), and the peak
airway responses to the inhaled methacholine were recorded. For differential cell counting,
bronchoalveolar lavage fluid (BALF) was collected and then centrifuged at 3,000 rpm for 5

https://doi.org/10.4168/aair.2022.14.5.479 489



Allergy, Asthma & AA] R
Autoantigen-Specific Antibody in Severe Asthma Immunology Research

https://e-aair.org

minutes. The cells were stained using hematoxylin (Dako Products, Carpinteria, CA, USA)
and Eosin Y (Sigma-Aldrich). Supernatants were collected and stored at -80°C for further
analysis. Concentrations of IL-13 were measured using ELISA kits (R&D Systems) according
to the manufacturer’s recommendations. For histological analysis, lung tissues were perfused
with PBS and fixed with 4% paraformaldehyde. Then, we prepared a paraffin block, cut it into
4-pm-thick sections, and stained it using Periodic Acid-Schiff Kit (Sigma-Aldrich), according
to the manufacturer’s instructions. Lung tissues were investigated using ImageJ (National
Institutes of Health, Bethesda, MD, USA).

Measurement of total IgG and CK18-specific IgG antibodies in mice

Anti-mouse IgG (Sigma-Aldrich) antibodies were coated on 96 well microplates to evaluate
total serum IgG level, while recombinant mouse CK18 (Abcam) was attached on the
microplates prior to putting mouse serum samples to investigate CK18-specific IgG for 24
hours at 4°C. The plate was blocked by using 1% BSA in PBS for 1 hour at room temperature.
Then, HRP-conjugated rabbit anti-mouse IgG (Santa Cruz, Dallas, TX, USA) was used for
immunoglobulin detection overnight at 4°C. To detect the optical density, a microplate reader
(BioTek) was set at 450 nm.

Western blot analysis

CK18, CK19, p38, and phospho-p38 expressions in cell lysates were evaluated by immunoblot
analysis. Relative expression of each protein to actin or glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) was evaluated. Anti-CK18 antibody (Santa Cruz), anti-CK19
antibody (Santa Cruz), anti-p38 antibody (Cell Signaling, Minneapolis, MN, USA), anti-
phospho-p38 antibody (Cell Signaling), anti-GAPDH antibody (Santa Cruz) and anti-Actin
antibody (Santa Cruz) were used.

Immunofluorescence analysis

Samples on glass coverslips were fixed with 4% paraformaldehyde (Sigma-Aldrich) for 15
minutes at room temperature. Then, the samples were washed twice with PBS and blocked
using 1% BSA in PBS for 30 minutes. After incubation, the samples were treated with anti-
CK18 (Cell Signaling) and anti-CK19 (Cell Signaling) IgG overnight at 4°C, decanted into
the primary antibody mixture, and washed 3 times for 5 minutes each wash. Secondary
antibodies Alexa Fluor 488 anti-rabbit IgG (ThermoFisher Scientific) or Alexa Fluor 594
anti-mouse IgG (ThermoFisher Scientific) were incubated with samples for 2 hours at room
temperature in the dark. For DNA staining, 1 ug/mL 4',6-diamidino-2-phenylindole (DAPI;
ThermoFisher Scientific) was used.

Statistical analysis

All statistical analysis were performed using IBM SPSS software, version 26.0 (IBM Corp.,
Armonk, NY, USA). Differences between 2 groups were analyzed by Student’s -test. In
addition, comparisons between data from multiple groups were made by using one-way
ANOVA with Bonferroni’s post hoc test. Pvalues of < 0.05 were considered statistically
significant. GraphPad Prism 8.0 software (GraphPad Inc., San Diego, CA, USA) was used to
create graphs.
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RESULTS

Increased levels of serum CK18 (not CK19) in patients with SA

Demographic data of the study subjects are depicted in Table. In asthmatic patients,
significantly elevated levels of CK18 (P= 0.006) and CK19 (P= 0.016) in sera were noted
compared to HCs (Fig. 1A and B). Moreover, total eosinophil count was positively correlated
with the serum level of CK18 (= 0.276, P= 0.048; Fig. 1C), but not with CK19 (data not
shown). When asthmatics were classified into patients with SA and those with NSA,
significantly higher levels of serum CK18 (P = 0.001; Fig. 1D), but not serum CK19 (P = 0.440;
Fig. 1E), were found in patients with SA than in those with NSA. Furthermore, the serum
CK18 level was negatively correlated with baseline forced expiratory volume in 1 second
(FEV1) % (r=-0.392, P=0.004; Fig. 1F).

Elevated levels of CK18-specific IgG in patients with SA

In addition to measurement of epithelial antigens, the present study evaluated total
circulating IgG and epithelial CK18-specific IgG antibodies in sera of asthmatics. As a result,
levels of total IgG were not significantly different between patients with SA and those with
NSA (P=0.492; Fig. 2A). However, levels of CK18-specific IgG were markedly higher in
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Fig. 1. Comparisons of circulating CK18/CK19 levels in association with blood eosinophil counts and FEV1% in the study subjects. Levels of (A) CK18 and (B) CK19
in sera from asthmatic patients as well as from HCs. Data are presented as mean + SD. P values were obtained by Student’s t-tests. (C) A positive correlation
between levels of CK18 and TEC. Data are represented as Pearson correlation coefficient r (P value). Comparisons of serum levels of (D) CK18 and (E) CK19
between patients with SA and NSA. Data are presented as mean + SD. P values were obtained by Student’s t-tests. (F) A negative correlation between levels of
CK18 and FEV1% values. Data are presented as Pearson correlation coefficient r (P value).

CK, cytokeratin; FEV1, forced expiratory volume in 1second; HCs, healthy control subjects; SD, standard deviation; SA, severe asthma; NSA, nonsevere asthma;
TEC, total eosinophil count.
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CK, cytokeratin; 1gG, immunoglobulin G; NSA, nonsevere asthma; SA, severe asthma; FEV1, forced expiratory

volume in 1 second.

patients with SA than in those with NSA (P = 0.031; Fig. 2B), while no significant differences
were noted in CK19-specific IgG levels between the 2 groups (P = 0.189; Fig. 2C). Here, we
further investigated associations between lung function and total IgG/CK18-specific IgG/
CK19-specific IgG, and only found a negative correlation between levels of serum CK18-

specific IgG and FEV1% (Fig. 2D-F).
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Eosinophil degranulation induced by CK18-specific IgG antibody

To clarify the function of CK18-specific IgG in airway inflammation, it was evaluated whether
these molecules could induce EET formation. When peripheral eosinophils from patients
with SA were treated with antibodies, both CK18- and CK19-specific antibodies enhanced
phosphorylation of p38 in the cells (Fig. 3A). Moreover, dsDNA was detected in cell culture
supernatants (Fig. 3B). By using confocal microscopy, significantly increased EET-forming
cells were observed by antibody treatment (Fig. 3C and D). CK18-specific IgG antibody more
significantly produced extracellular DNA and EDN from eosinophils compared to CK19-
specific IgG (Fig. 3E and F). Furthermore, these EETs could enhance the expression of 2
epithelial antigens including CK18 and CK19 in AECs visualized by immunocytochemistry
(Supplementary Fig. S1).

CK18-1gG

CK19-1gG

ey = 3r n.s
2 - 2

1.0 2 -+
= 1S
Ei Eﬂ = .k i
= 05} == z 1L bo J,
A

0 T T T 0 T T T
PBS  CK18-1gG CK19-1gG G PBS  CK18-IgG CK19-1gG o

Fig. 3. Effects of epithelial antigen (CK18)-specific IgG antibody on EET formation in eosinophils ex vivo. (A) Phosphorylation of p38 in human peripheral
eosinophils. (B) Extracellular DNA from the cells observed by agarose gel electrophoresis. (C) Confocal microscopic images of eosinophil degranulation stained
with DAPI (blue) and EDN (green). Scale bar, 20 pm. (D) Quantification of EET-forming cells. Concentrations of (E) dsDNA and (F) EDN released from the cells.
Data are presented as box plots (n = 5).
CK, cytokeratin; 1gG, immunoglobulin G; EETs, eosinophil extracellular traps; DAPI, 4',6-diamidino-2-phenylindole; EDN, eosinophil-derived neurotoxin; ANOVA,
analysis of variance; n.s., not significant.
P <0.05, "P<0.01, and ""P < 0.001 were obtained by one-way ANOVA with Bonferroni’s post hoc test.
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The effect of EETs on CK18/CK18-specific IgG production in a mouse model of SA
To validate changes in CK18 and CK18-specific IgG production in vivo, a mouse model of

SA was established as depicted in Fig. 4A. In this model, significantly enhanced airway
responsiveness with steroid insensitivity was shown (Fig. 4B). In addition, eosinophil
numbers as well as IL-13 concentrations were markedly elevated in BALF; however,
dexamethasone could not completely attenuate eosinophilia and cytokine production (Fig.
4C and D). In the lungs of severe asthmatic mice, significantly increased expression of CK18
and CK19 was noted (Fig. 4E, Supplementary Fig. $2). Furthermore, higher levels of total
IgG and CK18-specific IgG were observed in the sera (Fig. 4F). To demonstrate the role of
EETs in SA, airway inflammation was induced as shown in Fig. 5A. As a result, EETs markedly
induced airway inflammation in the lung tissues (Fig. 5B). In addition, after EET treatment,
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Fig. 4. In vivo validation of CK18/CK18-specific IgG production in a mouse model of severe asthma. (A) Schematic for establishing SA in mice. (B) Changes in AHR.
(C) Total eosinophil numbers in BALF. (D) Concentrations of IL-13 in BALF. (E) Expression of CK18 and CK19 in the lung tissues. (F) Levels of total IgG and CK18-
specific IgG in sera. Data are presented as box plots (n = 5).

CK, cytokeratin; 1gG, immunoglobulin G; SA, severe asthma; AHR, airway hyperresponsiveness; BALF, bronchoalveolar lavage fluid; IL, interleukin; n.s., not
significant; Dex, dexamethasone; OVA, ovalbumin; PBS, phosphate-buffered saline; ANOVA, analysis of variance.

‘P <0.05and P < 0.001 were obtained by one-way ANOVA with Bonferroni’s post hoc test.
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Fig. 5. EETs-induced CK18/CK18-specific IgG production in a mouse model of severe asthma in vivo. (A) Schematic for mEET treatment. (B) Histological analysis
of lung tissues stained with hematoxylin and eosin. Scale bar, 200 pm. (C) Expression of CK18 and CK19 in the lung tissues. (D) Levels of total IgG and CK18-

specific IgG in sera. Data are presented as box plots (n = 5).

EETs, eosinophil extracellular traps; CK, cytokeratin; IgG, immunoglobulin G; mEETs, mouse-derived eosinophil extracellular traps; i.n., intranasal; i.p.

intraperitoneal; Dex, dexamethasone; PBS, phosphate-buffered saline; n.s., not significant.

‘P <0.05, “P<0.01, and “'P < 0.001 were obtained by one-way ANOVA with Bonferroni’s post hoc test.

expression of CK18 was up-regulated, and the levels of total IgG and CK18-specific IgG
increased in the lung tissues in a dose-dependent manner, which were not suppressed by
dexamethasone treatment (Fig. 5C and D, Supplementary Fig. S3).

DISCUSSION

This is the first study to demonstrate the autoimmune inflammatory axis (EET-induced CK18
and CK18-specific IgG production)-mediated type 2 responses in SA. Here, we observed
significantly higher levels of serum CK18 and CK18-specific IgG in patients with SA.
Moreover, the CK18-specific antibody was able to induce eosinophil degranulation, leading to
EET formation. These EETs further stimulated AECs to release CK18, enhancing eosinophilic
inflammation (forming a vicious circle) in SA. These findings may provide new insight into
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an autoimmune airway mechanism in patients with treatment-refractory SA, which may be
mediated by close interplays between AECs and EETs.

CK, including CK18 and CK19, is a cytoskeletal structure protein mainly expressed in AECs,
including both bronchial and lung alveolar epithelial cells.? Previously, our group identified
CK18 as a bronchial epithelial antigen in patients with nonallergic asthma (presenting severe
clinical phenotype).” Increased levels of serum CK18-specific IgG were reported in patients with
aspirin-exacerbated respiratory disease (AERD); patients with higher levels of CK18-specific IgG
had poor lung function.” In addition, increased expression of CK19 from AECs and increased
serum levels of CK19-specific IgG have been demonstrated in patients with isocyanate-induced
occupational asthma.*?* The present study demonstrated that serum levels of circulating CK18
and CK18-specific IgG were significantly higher in patients with SA than in those with NSA (no
differences were noted in serum levels of circulating CK19 and CK19-specific IgG). Considering
the pathogenic mechanisms of isocyanate-induced asthma, ROS/neutrophil activation is one of
the major mechanisms involved in airway inflammation. Increased CK19 expression (sensitive to
ROS injury) along with the subsequent generation of CK19-specific IgG may be a major epithelial
autoantigen-induced autoimmune mechanism, while SA is characterized by type 2/eosinophilic
(including EET-mediated) inflammation; therefore, CK18 may be a major epithelial autoantigen to
induce autoimmune mechanisms, further enhancing EET-mediated type 2 airway inflammation.
It is known that CK18 undergoes reorganization processes during epithelial cell apoptosis.'*
Moreover, apoptosis leads to degradation of structure proteins," and caspase3-dependent
apoptosis causes detachment of epithelial cells in the airway mucosa of asthmatics.’®” The
present study showed a significantly higher expression of the cleavage form of CK18 in the lungs
of severe asthmatic mice. Taken together, these findings may explain that CK18 could be a major
epithelial autoantigen in SA, even though we could not measure levels of caspase-cleaved CK18.

In addition to structure proteins, specific antibodies against these epithelial antigens have
also been found in asthma. Previous studies have shown significantly higher prevalence
rates of CK18-specific IgG in patients with AERD.? The present study demonstrated elevated
levels of CK18-specific IgG in patients with SA than in those with NSA; significantly negative
correlations were noted between levels of CK18-specific IgG levels and FEV1%, suggesting
that CK18-specific IgG may contribute to asthma severity. These findings are comparable to
those of our previous studies in patients with AERD, which are characterized by moderate-
to-severe asthmatic symptoms and persistent type 2/eosinophilic inflammation in upper and
lower airway mucosa.”®3° The mechanism of how epithelial antigens induce autoantibody
production needs to be further clarified. The present study did not confirm the presence

of B-cell clusters as the source of autoantibody generation, although some studies have
demonstrated this finding in chronic inflammatory diseases such as rheumatoid arthritis
and allergic granulomatosis.’** However, antigen-binding characteristics of circulating

IgG autoantibodies to CK18 were reported in asthmatic patients.* Furthermore, immune
cells including T cell/B cell/antigen presenting cells were localized in the airway mucosa of
asthmatics presenting the autoimmune phenotype (presence of autoantibodies in airway
secretion), which was associated with eosinophilic infiltration.?"*

Eosinophils are predominantly found in patients with SA, contributing to 2 major events, such
as airway inflammation and remodeling, followed by airway obstruction.*** In particular,

EETs have recently been suggested as a biomarker of SA, activating AECs and type 2 innate
immune cells (ILC2) and further enhancing type 2/eosinophilic airway inflammation.® Sputum
autoantibodies have been revealed to stimulate eosinophils to release EETs with steroid
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resistance, although several factors are shown to induce EET formation.” Similar to previous
studies, ours has demonstrated that CK18-specific IgG antibody could enhance EET formation
ex vivo, indicating that the presence of CK18-specific IgG may contribute to EET-mediated type 2
airway inflammation, presenting persistent eosinophilia and steroid resistance in patients with
SA. Therefore, we suggest that a novel auto-inflammatory pathway (the epithelial CK18-specific

IgG autoantibody-EETs axis) may play a role in enhancing type 2/eosinophilic inflammation

in treatment-refractory severe asthmatics having persistent eosinophilia. Eosinophil granule
proteins have cytotoxic effects by triggering tissue injury and cell damage.'®*#° These granule
proteins are commonly released, but specific granules are secreted when eosinophils respond
to various stimuli.**? Especially, EDN stimulates AECs to release mediators involved in the
breakdown of extracellular matrix,* while ECP reduces cell viability and enhances apoptosis by
caspase activation.* Taken together, eosinophil granule proteins in EETs may play an important
role in epithelial CK18 production in SA.

The present study has some limitations. We could not demonstrate a direct relationship
between CK18-specific IgG levels and local EET formation in patients with SA. However,
EETs were localized in endobronchial biopsy specimens of allergic asthmatics®™ as well as in
endoscopic sinus surgery specimens in patients with severe chronic rhinosinusitis.* These
findings support the active role of EET formation in SA; however, EET-mediated type 2 airway
inflammation is not effectively controlled by corticosteroid or anti-IL-5 treatment.* Further
investigations are needed to identify new therapeutic agents to overcome this autoimmune-
type 2 inflammatory axis (the epithelial CK18-specific IgG autoantibody-EETs axis). It is
suggested that inhibition of eosinophil granule proteins may have a potential benefit for
asthma treatment.*” Therefore, among eosinophil granule proteins contained in the EETs,
anti-ECP or EDN therapy may be a new target to overcome this pathway.

In conclusion, the present study suggests an autoimmune mechanism linked to the type 2
inflammation pathway involved in epithelial autoantigen (CK18)-specific IgG-induced EET
formation in the pathogenesis of type 2/eosinophilic airway inflammation of SA. Regulation
of this axis could be a new therapeutic option for treatment-refractory severe asthmatics with
persistent eosinophilia.

ACKNOWLEDGMENTS

This study was supported by a grant from the Korean Health Technology R & D Project,
Ministry of Health & Welfare, Republic of Korea (HR16C0001). The confocal laser scanning
microscope (LSM710) used in this study was supported by a Korea Basic Science Institute
(National Research Facilities and Equipment Center) grant funded by the Ministry of
Education (grant no. 2019R1A6C1010003).

SUPPLEMENTARY MATERIALS
Supplementary Fig. S1
Confocal images of epithelial antigen expression in airway epithelial cells with or without

EET treatment. DAPI (blue), CK18 (red), and CK19 (yellow). Scale bar, 200 pm.

Click here to view
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Supplementary Fig. S2
Expression of CK18 (red) and CK19 (green) in severe asthmatic mice with or without steroid
treatment. Scale bar, 50 pm.

Click here to view

Supplementary Fig. S3
Expression of CK18 (red) and CK19 (green) in mice stimulated with mEETs. Scale bar, 50 pm.

Click here to view
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