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Summary

The mechanisms underlying the chronic, progressive airways inflamma-

tion, remodelling and alveolar structural damage characteristic of human

chronic obstructive pulmonary disease (COPD) remain unclear. In the

present study, we address the hypothesis that these changes are at least in

part mediated by respiratory epithelial alarmin (IL-33)-induced produc-

tion of autoantibodies against airways epithelial cells. Mice immunized

with homologous, syngeneic lung tissue lysate along with IL-33 adminis-

tered directly to the respiratory tract or systemically produced IgG

autoantibodies binding predominantly to their own alveolar type II

epithelial cells, along with increased percentages of Tfh cells and B2 B-

cells in their local, mediastinal lymph nodes. Consistent with its specificity

for respiratory epithelial cells, this autoimmune inflammation was con-

fined principally to the lung and not other organs such as the liver and

kidney. Furthermore, the serum autoantibodies produced by the mice

bound not only to murine, but also to human alveolar type II epithelial

cells, suggesting specificity for common, cross-species determinants.

Finally, concentrations of antibodies against both human and murine

alveolar epithelial cells were significantly elevated in the serum of patients

with COPD compared with those of control subjects. These data are con-

sistent with the hypothesis that IL-33 contributes to the chronic, progres-

sive airways obstruction, inflammation and alveolar destruction

characteristic of phenotypes of COPD/emphysema through induction

of autoantibodies against lung tissue, and particularly alveolar type II

epithelial cells.

Keywords: alveolar type II epithelial cell; autoimmune; chronic obstructive

pulmonary disease; emphysema; IL-33.

Introduction

Chronic obstructive pulmonary disease (COPD) now ranks

as the third leading cause of death worldwide. It is a poten-

tially devastating lung disease characterized by progressive,

irreversible airways obstruction reflecting inflammation

and remodelling and, in some patients, impaired gas trans-

fer secondary to pulmonary alveolar destruction.1–5

Inhalation of environmental smoke, typically from

cigarette smoking or open fires, has been recognized for

some decades as a key risk factor for the development of

COPD, although only approximately 25% of smokers by

the age of 80 years develop the disease,6 while only

approximately half of all patients diagnosed with COPD

have a clear history of smoking or smoke exposure, sug-

gesting alternative environmental triggers of the disease.7

Abbreviations: B2 B-cells, most common type of B-cell and mainly located in lymphoid follicles of secondary lymphoid organs;
BAL fluid, bronchoalveolar lavage fluid; COPD, chronic obstructive pulmonary disease; PBS, phosphate-buffered saline; Tfh cells,
follicular B helper T-cells
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Another phenomenon that remains largely unexplained is

the fact that pulmonary inflammation and impairment of

lung function may persist and progress even after cessa-

tion of smoke exposure,8 suggesting environmental initia-

tion of a more persistent process independent of the

original trigger.

Recently, there has been increasing appreciation and

acceptance of a possible role for autoimmune disease in

the development and progression of COPD.9,10 Several

relatively recent studies have shown that patients with

COPD manifest serum antibodies directed against struc-

tural components of the airways, including structural pro-

teins and airways structural cells such as epithelial,

endothelial and smooth muscle cells, along with evidence

of B cellular proliferation in local lymphoid follicles,9–18

although few have been clearly implicated in the progres-

sion of COPD, many are not detectable in every patient

diagnosed with the disease and not all are clearly disease-

specific.9,19 In parallel, other researchers have shown that

immune responses to structural airways components can

be induced in animals and may be associated with lung

function changes reminiscent of human COPD, although

not all of these responses are ‘autoimmune’.15,20–22

It has also been shown that COPD is characterized by

elevated production of the alarmin cytokine IL-33, partic-

ularly with continued cigarette smoke exposure, to a

degree that correlates with the rate of progression of the

disease.5,23 IL-33, mainly produced by airways epithelial

cells, fibroblasts and endothelial cells as well as activated

immune cells,24 plays important roles in a range of

autoimmune diseases.25–28

In an attempt to link these findings, and in particular

to provide a possible explanation for why lung function

impairment and particularly alveolar damage may persist

and progress despite apparent removal of the provoking

stimulus, we hypothesized that the respiratory epithelial

alarmin IL-33, known to be produced in response to

inhaled environmental insults such as cigarette smoke,

triggers a humoral autoimmune response directed against

alveolar epithelial cells. Our aim was to explore whether

antibodies can be induced in mice immunized with autol-

ogous (syngeneic) normal lung tissue while exposed to

exogenous IL-33 delivered topically to the airways or sys-

temically, and to examine their specificity in mice as well

as their cross-specificity for human alveolar epithelial

cells. Finally, we sought evidence of spontaneous produc-

tion of these antibodies in human patients diagnosed with

COPD.

Materials and methods

Mice

Eight-week-old C57BL/6 mice were purchased from Vital

River Laboratory (Beijing, China) and kept in a specific

pathogen-free facility in the Department of Laboratory Ani-

mal Sciences (Capital Medical University, Beijing, China).

Experiments were conducted in accordance with protocols

approved by the Institutional Animal Care and Use Com-

mittee of Capital Medical University, Beijing, China.

Preparation of lung tissue lysate

C57BL/6 mice were exsanguinated by extirpating/remov-

ing the eyeballs following death by overdosage of chloral

hydrate anaesthetic. Mice were then intubated by tra-

cheotomy, and the airways washed twice with 0�8-ml ali-

quots of sterile phosphate-buffered saline (PBS) to

remove microbiota and cells. After opening the thoracic

cavities, the lungs were exposed and washed using sterile

PBS introduced through the right ventricle to remove the

blood from the pulmonary circulation. The entire lungs

were then excised, weighed then homogenized in PBS

containing 1% Triton X-100 and protease inhibitors

(a protease inhibitor cocktail tablet; Roche Diagnostics

GmbH, Mannheim, Germany). A Pierce BCA protein

assay kit (Thermo Scientific, Waltham, MA, USA) was

used to quantify protein in the supernatants after cen-

trifugation to remove debris. The lung tissue lysate was

finally stored at �80° at documented concentrations

pending its use to immunize autologous mice.

Experimental autoimmune-mediated lung inflammation

To establish animal models employing local exposure, the

murine lung tissue lysate (prepared as above, 20 lg total

protein in 50 ll PBS) with or without recombinant mur-

ine IL-33 (rmIL-33, 25 ng in 50 ll saline; R&D Systems,

Minneapolis, MN, USA) was administered intranasally to

autologous C57BL/6 mice daily from days 1 to 6, then

once every other day from days 8 to 25 (Fig. 1a). On day

26, the mice were killed and samples collected for analysis

as described below. For experiments employing systemic

exposure, C57BL/6 mice were administered rmIL-33 (1 lg
in 100 ll saline; R&D Systems) intraperitoneally for 10

days (from days 1 to 5 and then from days 19 to 23).

Concurrently, the mice were injected intradermally at the

base of the tail with lung tissue lysate prepared as above

(1 mg total protein in 100 ll PBS) twice on days 1 and

19 (Fig. 6a). Again, on day 26 the mice were killed and

samples collected for analysis.

Lung function measurement

Lung function was measured using the FlexiVent system

(Scireq, Montreal, Canada) as described previously.29

Briefly, mice were anaesthetized with pentobarbital

sodium, tracheostomized and ventilated, and connected

to the FlexiVent system. The pulmonary mechanics mea-

sured at a frequency of at 150 breaths/min with a tidal
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volume of 8 ml/kg. Lung mechanical properties including

inspiratory capacity (IC) and Newtonian resistance (Rn)

were recorded.

Analysis of bronchoalveolar lavage fluid

After lung function measurement, bronchoalveolar lavage

(BAL) fluid was obtained as previously described.29 The

resulting cell pellets were resuspended in PBS for total cell

counting using Cell Counter (Bio-Rad Laboratories, Singa-

pore). Additionally, cytospins were prepared, fixed and

stained with Wright-Giemsa stain for differential cellular

counts.

The preparation of whole protein of A549 cells and
MLE12 cells

Human alveolar epithelial cells (A549 cells, ATCC-CCL-185)

and murine lung epithelial cells (MLE12 cells, ATCC-CRL-

2110) were obtained and maintained in Dulbecco’s modified

Eagle’s minimum essential medium (HyClone Laboratories,

logan, UT, USA) supplemented with 10% fetal bovine serum

(Gibco Laboratories, Grand Island, NY, USA) and 1% peni-

cillin-streptomycin solution (100 U/ml penicillin and 100 mg/

ml streptomycin) at 37° in 5% CO2 until 80% confluence.

The cells were then collected and lysed with ultrasonic. The

supernatants were collected and total proteins were quanti-

tated using the Pierce BCA protein assay kit after centrifuga-

tion at 13 200 g for 20 min at 4°.

Enzyme-linked immunosorbent assay

Total concentrations of IgG in serum and cytokines in

lung tissue homogenates of mice were measured using

commercial enzyme-linked immunosorbent assay (ELISA)

according to the manufacturers’ protocols (eBioscience,

San Diego, CA, USA). To measure lung tissue-specific

IgG in the serum of mice, tissue culture plates (Corning

Incorporated, Kennebunk, ME, USA) were coated with

100-ll aliquots of the supernatants of whole lung homo-

genate (10 lg total protein/ml) overnight at 4°. After

washing three times with PBS containing 0�05% Tween-

20 in PBS, the plates were incubated with the blocking

buffer at room temperature for 2 hr and then washed as

above. After preliminary experimental tests, samples in

suitable concentrations were added and incubated for 2

hr at room temperature. After washing, donkey anti-

mouse IgG (H+L) conjugated with peroxidise (1 : 4000;

Jackson ImmunoResearch, West Grove, PA, USA) was

added to each well, and then the wells were incubated for

1 hr at room temperature and then washed three times.

After adding substrate (TMB, 3,30,5,50-tetramethylbenzi-

dine) and incubating for 10 min, the reaction was

stopped by adding 100 ll of 2�0 N H2SO4 solution. The

optical density of the wells at 450/570 nm was finally

measured using an EnSpire Multimode Plate Reader (Per-

kin Elmer, Waltham, MA, USA).

To measure the presence of ‘autoantibodies’ against

alveolar epithelial cells, plates were pre-coated with whole

protein of alveolar epithelial cells A549 cells and MLE12

cells (5 lg total protein/ml) as antigens, and ELISA was

performed in human sera (see below) using the same

method as described above.

Histology

The lung (left lobe), liver and kidney tissues were col-

lected from the challenged animals, fixed and paraffin-
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Figure 1. Establishment of the murine model and associated changes in pulmonary mechanics. (a) Protocol of murine exposure. (b) Changes of

the volume of inspiratory capacity (IC) and Newtonian resistance (Rn) measured by the FlexiVent invasive airway mechanics system in mice trea-

ted with topical IL-33 or lung lysate alone or together, or diluent control. The data are expressed as the mean � SEM (n = 4–5/group). *P < 0�05.
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embedded for histological analysis. Sections (4-lm thick-

ness) were cut and stained with H&E (haematoxylin and

eosin). Images were acquired with a Nikon microscope

(Nikon, Tokyo, Japan) and analysed using IMAGE-PRO

PLUS 6.0 software (Media Cybernetics, Silver Spring, MD,

USA).

Flow cytometry

Cells were isolated from the lung, spleen and mediastinal

lymph nodes of the challenged animals through triturated

and filtered through a 70-lm nylon cell strainer (BD Fal-

con, Bedford, MA, USA). After cellular count, the cells

were resuspended and incubated in the dark with Fixable

Viability Stain 780 for 10 min at room temperature, then

washed with PBS. To block Fc receptor-mediated non-

specific binding, the cells were incubated with anti-mouse

CD16/CD32 (BD Biosciences Pharmingen, San Diego,

CA, USA) for 10 min. For identification of follicular B

helper T-cells (Tfh cells), the cells were stained with

PerCP-Cyanine5.5-conjugated anti-CD3e (eBioscience),

FITC-conjugated anti-CD4 (eBioscience) and PE-CF594-

conjugated anti-CXCR5 (BD Biosciences Pharmingen). B2

cells were identified with BV605-conjugated anti-CD19

(BioLegend, San Diego, CA, USA), FITC-conjugated anti-

CD43 (BD Biosciences Pharmingen), APC-conjugated

anti-CD5 (BioLegend) and PerCP-Cy5.5-conjugated anti-

B220 (BioLegend). After washing, the stained cells were

resuspended in PBS for flow cytometric analysis using a

BD LSRFortessa X-20 instrument (BD Biosciences

Pharmingen). Quantification was performed using FLOWJO

software (Tree Star, Ashland, OR, USA).

Lung immunohistochemistry

Lung tissue sections (4 lm) were deparaffinized in xylene

then rehydrated in decreasing concentrations of ethanol

followed by distilled water.29 The sections were then

boiled in citrate buffer for 20 min or digested in 0�25%
trypsin for 10 min for antigen retrieval. Subsequently, sec-

tions were incubated with 3% H2O2 to inactivate endoge-

nous peroxidase, and with 3% bovine serum albumin and

0�03% Triton X-100 in PBS for 1 hr to block non-specific

interactions. After washing with PBS containing 0�05%
Tween 20, lung sections were incubated overnight at 4°
with primary rabbit antibodies against CD3 (T-cells, 1 :

200; Abcam, Cambridge, UK), CD20 (B-cells, 1 : 1000;

LifeSpan, Seattle, WA, USA), CD138 (plasma cells, 1 :

500; Proteintech, Wuhan, China), F4/80 (macrophages,

1 : 500; Proteintech) and neutrophil elastase (neutrophils,

1 : 2000; Abcam). After washing, the sections were incu-

bated with mouse anti-rabbit secondary antibody (1 : 50;

Jackson ImmunoResearch) for 1 hr. The sections were

then washed and incubated with horseradish peroxidase-

conjugated donkey anti-mouse antibody (1 : 100; Jackson

ImmunoResearch) for 1 hr. Positive signals were devel-

oped with 3, 30-diaminobenzidine (Solarbio, Beijing,

China). Immunoreactivity was measured using a micro-

scope (Nikon) connected with a computer imaging

system.

Immunofluorescence for lung-specific IgG

Immunofluorescence was used to detect whether ‘autoan-

tibodies’ in serum of the mice specifically recognize cells

and components of murine and human lung tissues. In

brief, after dewaxing and antigen-retrieving, sections

derived from lung tissues of normal, untreated C57BL/6

mice were first incubated with 5% normal goat serum in

PBS for reducing non-specific binding. After washing, the

sections were incubated with rabbit anti-mouse lung pro-

surfactant protein C antibody (for identification of alveo-

lar type II epithelial cells; Abcam) and the sera (1 : 50

diluted) of the C57BL/6 mice immunized with lung tissue

lysate (for determining lung-specific IgG antibodies in the

serum) overnight at 4°. Immunoreactivity was detected

with a secondary Alexa Fluor-594 (red)-labelled goat anti-

rabbit IgG antibody (Zabg-Bio, Beijing, China) and Alexa

Fluor 488 (green)-labelled goat anti-mouse IgG antibody

(Jackson ImmunoResearch). Then nuclei were stained

with 4,6-diamidino-2-phenylindole (DAPI; Zabg-Bio).

Negative control staining was performed in an identical

fashion, except that the primary antibodies were omitted.

Images of the stained lung tissues were captured using

fluorescence microscopy (Nikon).

Clinical specimens

To further identify whether ‘autoantibodies’ produced in

the mice also exist in human serum and whether these

‘autoantibodies’ can recognize components of human

lungs, human sera were collected from Xuanwu Hospital,

Capital Medical University, P. R. China (controls: n = 40;

subjects with COPD: n = 43). Furthermore, human lung

tissues (n = 3) were obtained from normal donors for

lung transplantation. ELISA and immunofluorescence

were performed with human sera and lung tissue sections

as the above.

Statistical analysis

Statistical analyses were performed using GRAPHPAD

PRISM 7.0 software (GraphPad Software, San Diego, CA,

USA). In the figures, the data are presented as the mean

and standard error of the mean (SEM). One-way ANOVA

was used to compare groups, and Tukey’s multiple com-

parisons test was used to assess for statistical signifi-

cance. Correlation was evaluated with Pearson’s r (two-

tailed) test. P-values < 0�05 were considered statistically

significant.
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Results

IL-33-mediated autoimmune lung inflammation

To mimic a situation in which excess production of IL-33

in the airways promotes an autoimmune humoral

response to the airway structural cells, we co-adminis-

tered rmIL-33 and the soluble fraction of the whole lung

lysates from syngeneic animals, or diluent controls, to

C57BL/6 mice repeatedly over a 26-day period (Fig. 1a).

The mean of airways resistance of the mice co-adminis-

tered IL-33 and lung lysate, but not treated with IL-33 or

lysate alone, was significantly elevated compared with

those treated with the relevant diluent controls, suggest-

ing possible inflammation and obstruction of the airways

(Fig. 1b, right). There were no significant changes in the

mean volume of IC between the experimental groups

(Fig. 1b, left).

The mice co-administered IL-33 and lysate also devel-

oped significantly elevated mean numbers of total cells,

neutrophils, macrophages, eosinophils and lymphocytes

in their BAL fluid compared with those relevant controls.

As expected, administration of syngeneic lysate alone

exerted no effect, whereas administration of IL-33 alone

significantly increased the mean numbers of total cells

and eosinophils, but not the cells of other phenotypes

(Fig. 2a; P < 0�01, respectively). Furthermore, co-adminis-

tration of IL-33 and lysate also induced marked infiltra-

tion of inflammatory cells into the perivascular and

peribronchiolar and, to a lesser extent, the interstitial lung

tissue of the targeted animals, but no obvious changes

were seen in the mice challenged with IL-33 or lysate

alone, or diluent controls (Fig. 2b).

In addition, the mean concentrations of the pro-

inflammatory cytokines IL-6 (P < 0�01) and tumour

necrosis factor (TNF)-a (P < 0�05), but not IL-1b, were
significantly increased in the lung tissue homogenates of

the animals co-administered IL-33 and lysate (there was a

small but significant increase in the mean concentration

of IL-1b in the animals administered IL-33 alone;

Fig. 2c).

Total and lung tissue-specific IgG production

Enzyme-linked immunosorbent assay revealed that the

mean concentration of total serum IgG was elevated in

the mice co-administered IL-33 and lysate compared

with those administered lysate alone, but not those

administered IL-33 alone or the relevant diluent controls

(Fig. 3a). More interestingly, the mean serum concentra-

tion of lung tissue-specific IgG was clearly and signifi-

cantly elevated in the mice co-administered IL-33 and

lysate compared with those administered IL-33 or lysate

alone: in these groups, the mean response was statisti-

cally equivalent to that seen in the animals administered

diluent control (Fig. 3b). Immunofluorescent staining

showed that the lung tissue-specific IgG induced in the

serum of the mice co-administered IL-33 and lysate

bound predominantly, but not exclusively, to alveolar

type II epithelial cells and smooth muscle cells (Fig. 3c,

middle and bottom panels). In contrast, and as

expected, there was no evidence of lung tissue-specific

IgG in the serum of normal control mice (Fig. 3c, top

panel).

Numbers and distribution of T follicular helper cells
and B2 B-cells

To assess whether the production of lung tissue-specific

IgG in our experimental animals was associated with evi-

dence of expansion of Tfh cells and B2 B lymphocytes,

we measured the percentages of CD3+ CD4+ CXCR5+

Tfh cells (Fig. 4) and the percentages of

CD19+ CD43� B220+ CD5� B2 B-cells (Fig. 5) in cell

suspensions isolated from the spleens, mediastinal lymph

nodes and lung tissues of the groups of challenged ani-

mals using flow cytometry. The animals co-administered

IL-33 and lysate had significantly elevated mean percent-

ages of Tfh cells in the spleen compared with those

administered IL-33 or lysate alone or diluent control

(Fig. 4a,b), and of B2 B-cells in the mediastinal lymph

nodes compared with the animals administered IL-33

alone (Fig. 5a,b). Interestingly, there was a significant cor-

relation between the percentages of Tfh cells and B2 B-

cells in the mediastinal lymph nodes, but not in the

spleen or lung tissues (Fig. 5c).

IL-33-mediated lung tissue-specific inflammation in
mice systemically immunized with lung tissue lysate

To examine the extent to which administration of IL-33

along with autologous lung tissue lysate to the experi-

mental animals induced inflammation confined to the

lung tissue or additionally elsewhere, we modified our

challenge protocol so that the animals were challenged

systemically, rather than topically in the airways, with IL-

33 delivered intraperitoneally and lung tissue lysate intra-

dermally (Fig. 6a).

Cellular analysis revealed that systemic challenge of

the mice with IL-33 and lysate was again associated

with significance in the mean numbers of total cells,

neutrophils, macrophages and eosinophils in the BAL

fluid as compared with challenge with IL-33 or lysate

alone or the relevant diluent controls, with isolated

lysate challenge exerting no detectable effect as previ-

ously and as expected (Fig. 6b). Correspondingly, there

was evidence of inflammatory cellular infiltration into

sections of lung tissue of the mice administered IL-33

and lysate, which was distributed principally around the

airways and blood vessels (Fig. 6c, top panel). The
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Figure 2. Tissue and airways cellular infiltration and concentrations of pro-inflammatory cytokines in the lungs of the experimental mice.

(a) Total and differential cell counts in the bronchoalveolar lavage (BAL) fluid (n = 5/group). (b) Representative photomicrographs of sections of

formalin-fixed, paraffin-embedded lung tissue stained with haematoxylin and eosin (H&E) showing peribronchiolar and perivascular (top panel)

and parenchymal (bottom panel) inflammation in different fields of the same section (original magnification 9 100). (c) Concentrations of the

cytokines IL-1b, IL-6 and tumour necrosis factor (TNF)-a in lung tissue homogenates quantified by enzyme-linked immunosorbent assay

(ELISA). The data are expressed as the mean � SEM (n = 5/group). *P < 0�05, **P < 0�01, ***P < 0�001 and ****P < 0�0001.
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extent of this airway inflammation was, however, con-

siderably less than that observed in the mice adminis-

tered IL-33 and lysate topically to the airways (compare

with Fig. 2b). As with topical challenge, there was evi-

dence of cellular infiltration, albeit less marked, into

the lung tissue sections of the mice administered IL-33

alone compared with those administered syngeneic lung

tissue or diluent control alone.

In the same animals, we sought evidence of infiltra-

tion of inflammatory cells into sections of liver and kid-

ney tissue. H&E staining revealed no obvious infiltration

of inflammatory cells into the kidney (Fig. 6c, middle

panel), although there was evidence of borderline infil-

tration of inflammatory cells into liver tissue, again

principally around the blood vessels in the mice

administered IL-33 with lysate or IL-33 alone (Fig. 6c,

bottom panel).

Lymphocytes formed the majority of the
inflammatory cells infiltrating the lung tissue

To identify the phenotypes of the inflammatory cells infil-

trating the lung tissue of the animals administered IL-33

along with autologous lung lysate, we examined sections

of lung tissue from animals challenged systemically rather

than topically, where the infiltrating cells were fewer in

number and consequently more certainly identifiable.

CD3+ T-cells and CD20+ B-cells constituted the majority

of the inflammatory cells infiltrating around the blood

vessels and airways in sections of the lung tissues of mice
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treated with IL-33 with lung tissue lysate, although the

numbers of elastase+ neutrophils and CD138+ plasma

cells were also slightly elevated (Fig. 7).

Lung tissue-specific IgG antibodies were cross-reactive
between species and also identifiable in the serum of
patients with chronic obstructive pulmonary disease

To explore whether the lung tissue-specific IgG identified

in the serum of our experimental mice was capable of

binding to human lung tissue, immunofluorescence was

used to detect murine IgG bound to sections of normal

human lung tissue obtained from lung transplantation

donors, which were incubated with sera from the mice

administered IL-33 along with lung tissue lysate. We did

indeed find that the sera of mice administered IL-33 with

lysate, but not those normal murine serum, contained IgG

antibodies bound to alveolar type II epithelial cells

(Fig. 8a). Correspondingly, ELISA showed that the mean

serum concentration of IgG antibody binding to a whole

protein extract of human alveolar type II epithelial cells

(A549 cells) was significantly higher in a group of patients

with COPD (n = 43) compared with normal control sub-

jects (n = 40; P < 0�0001; Fig. 8b). In parallel, the mean

serum concentration of IgG antibody binding to a whole

protein extract of murine alveolar type II epithelial cells

(MLE12 cells) was also elevated in these same patients with

COPD compared with the controls (P < 0�01; Fig. 8c).

Discussion

The pathogenetic mechanisms of COPD and particularly

those by which airways inflammation and alveolar damage
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persist and progress in some patients even after the removal

of perceived, provoking stimuli remain elusive. The devel-

opment of autoimmune tissue damage in susceptible

patients is one plausible explanation for this phenomenon,

which has been explored in the recent literature.11 The trig-

gering of an autoimmune response to airways epithelial

determinants is perhaps facilitated by local damage of these

cells by environmental and inflammatory insults in a high

alarmin environment conducive to the priming of T-cells

and the production of tissue-specific antibodies acting

locally or systemically to perpetuate local inflammation

and lung parenchymal damage, resulting in the develop-

ment of COPD.10,19 Although some ‘autoimmune’ models

of COPD in animals have been proposed,20,22 none of these

has addressed the possibility of sensitization to autologous

lung tissue. Several studies have confirmed elevated
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expression of respiratory epithelial alarmins such as IL-33

both locally in the airways epithelium and systemically in

the circulation of patients with COPD.23 In the present

study, we demonstrate that local co-administration of IL-

33 and damaged, autologous lung tissue locally to the air-

ways or systemically results in the production of IgG

autoantibodies against this autologous, ‘self’ lung tissue,

associated with airways inflammation and tissue damage

resembling that observed in patients with COPD. While a

direct mechanistic link between the development of the

autoantibody and the airways inflammatory changes

remains to be elucidated, it seems reasonable to conclude

that the two phenomena are related. It is also interesting to

note that the development of this phenomenon followed

concomitant exposure of the animals to IL-33 and autolo-

gous lung lysate, but not either component in isolation,

implying that the juxtaposition of local tissue damage and

elevated IL-33 production are essential for its development.

To the best of our knowledge, this compelling finding has

never been reported previously.
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In addition, this phenomenon was accompanied by ele-

vated, local expression of a range of pro-inflammatory

cytokines, including IL-6 and TNF-a, although not IL-1b,
which have also been implicated in causing respiratory

epithelial cell damage and promoting autoimmunity in

patients with COPD.30–32

Although some studies have identified autoantibodies

specific for components of lung tissue that are detectable

not only in the circulation, but also in the lung tissue of

patients with COPD,19 we could detect no obvious differ-

ences in the concentrations of lung tissue-specific anti-

bodies in the lung homogenates from the animals

administered IL-33 with lung lysate or either component

alone (data not shown). We speculate that this is because

detection of such antibodies within the lung homoge-

nates, as distinct from the circulation of the experimental
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Figure 7. Immunohistochemistry showing phenotypes of inflammatory cells infiltrating the lung tissue of mice immunized with syngeneic lung

lysate with or without IL-33, IL-33 alone and diluent control. Representative photomicrographs showing (a) T-cells (CD3+), (b) B-cells (CD20+),

(c) neutrophils (neutrophil elastase+), (d) plasma cells (CD138+) and (e) macrophages (F4/80+) in sections of paraffin-embedded lung tissues.

ª 2019 John Wiley & Sons Ltd, Immunology, 157, 137–150 147

IL-33 promotes respiratory epithelial autoimmunity



animals is impaired by their binding to their autoimmune

targets in the lung parenchyma and/or degradation dur-

ing preparation of the tissue homogenates. Encouragingly,

our data also show that lung tissue-specific autoantibod-

ies produced under our experimental conditions react

predominantly with alveolar type II epithelial cells and

airways smooth muscle cells, suggesting that these partic-

ular cells are putatively major targets of these autoanti-

bodies, although we do not know yet precisely what

components of these cells they recognize. This is the sub-

ject of ongoing research in our laboratory.

Our data are consistent with the hypothesis that

autoantibodies against alveolar epithelial cells are pro-

duced only when epithelial damage occurs in an IL-33-

enriched environment. This impression is reinforced by

our data showing that the percentages of Tfh cells in the

spleen and B2 B-cells in the mediastinal lymph nodes

were elevated only in the groups of mice administered IL-

33 along with lung tissue lysate and not either component

alone. Tfh cells are known to play a particular role in the

activation of B-cells and their development into memory

cells.33 The fact that the percentages of Tfh cells and B2

B-cells were positively correlated in the mediastinal lymph

nodes further suggests the possibility that the B2 B-cells

producing the antibodies are propagated locally at this

site. Further, challenge of the animals with IL-33 along

with lysate, but neither alone, resulted in local, elevated

expression of IL-6, which has been implicated in inducing

differentiation of primary T-cells to Tfh cells.4 Recent

findings suggest that IL-33 may also induce the develop-

ment of Tfh cells.34

Although IL-33 is well recognized as a permissive influ-

ence in the development of autoimmune diseases involv-

ing the airways,34 the mechanisms by which it does this

remain unclear. IL-33 is able to promote the activity of

immune cells while disabling regulatory T-cells, activities

that might sever immunological tolerance.35 IL-33 is

known to be produced principally by alveolar type II

epithelial cells, and is rapidly released following activation

or damage of the cells by viruses, allergens and other

environmental insults impacting on the airways.23,36 Con-

comitantly it is accepted that endogenous fragments from

damaged airways epithelium and even lung extracellular

matrix proteins, when ‘exposed’ by injury, may become

self-determinants serving as new autoimmune epitopes.37

Our data clearly imply, however, that over-production of
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IL-33 or lung tissue damage alone are insufficient to

induce lung inflammation and autoantibody production

in the experimental mice, and that it is the coincidence of

these that triggers an autoimmune response putatively rel-

evant to the pathogenesis of COPD. Clearly, the precise

role of IL-33 in this process, for example as an adjuvant

or to overcome immune tolerance of self-antigens,

remains to be explored.

Our data from the animals administered IL-33 and

autologous lung lysate both nasally and systemically

clearly show that the resulting inflammation was clearly

sited in the lung, but barely visible in other organs such

as the liver and kidney, suggesting that the autoimmune

response initiated by these ‘self’ lung tissue components

under the influence of IL-33 is tissue-specific. Further,

our data indicate that the autoantibodies appearing in the

serum of our experimental mice bind not only to alveolar

type II epithelial cells in lung tissue sections from normal

mice but also those in sections from normal human sub-

jects, suggesting that these lung tissue-specific antibodies

have tissue specificity rather than species specificity. In

further support of this conclusion, we have further shown

that the mean concentration of IgG antibody against both

human and murine alveolar type II epithelial cells was

significantly elevated in the serum of a group of patients

with COPD compared with normal, control subjects. It

remains to be seen what components of these cells are

recognized by these autoantibodies and how they might

be implicated in causing disease.

Finally, as referred to in recent overviews of the possible

role of autoimmune immunological reactions in the patho-

genesis of COPD, there remains the issue of causality.4,11

Our present data are consistent with the hypothesis that

airways tissue damage in a local IL-33-rich environment

results in the production of autoantibodies that sustain this

damage and are potentially responsible for the develop-

ment of at least some of the pathological features of COPD,

such as progressive alveolar destruction. Litsiou and col-

leagues have observed ‘lymphoid neogenesis’ in the lungs

of smoke-exposed mice, and so conclude that autoimmu-

nity is likely a cause rather than a consequence of airways

damage.38 Other researchers have concluded that an

autoimmune response against lung tissue components in

COPD is a consequence of the release or ‘exposure’ of these

components in damaged lung tissue.19 These concepts are

not, of course, mutually exclusive and, whatever the truth,

it seems salutary to regard autoimmunity as an important

mechanism for sustaining and perhaps advancing persistent

airways inflammation and damage. However, how these

autoantibodies contribute to the pathogenesis of COPD

certainly needs to be further explored. They might exhibit

their function through maintaining chronic inflammation

and remodelling of small airways, or destroying alveolar

type II epithelial cells by antibody-dependent cytotoxicity,

activating complement systems or antibody-dependent

cellular phagocytosis, or might be through all of them. In

addition, the autoantibodies detected are polyclonal anti-

bodies. Obviously, making monoclonal antibodies are criti-

cal strategies for further understanding the details, which

are also ongoing in our lab now.

In conclusion, in the presence of IL-33, topical or sys-

temic administration of homologous, syngeneic lung tis-

sue lysate to mice induces periluminal and perivascular

pulmonary inflammation and production of autoantibod-

ies reacting with both murine and human alveolar epithe-

lial cells. Conversely, elevated concentrations of these

cross-species autoantibodies are detectable in the serum

of patients with COPD. Hence, IL-33 might initiate and

potentiate adaptive immune responses to ‘self’ lung com-

ponents, driving diseases such as COPD. It is possible to

envisage that serum concentrations of antibodies against

airways structural cells and markers of elevated local IL-

33 production may be developed as diagnostic or prog-

nostic markers when managing COPD, with due diligence

to the heterogeneity of the clinical manifestations and

natural history of the disease in individual subjects if

management is to be ‘personalized’.
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