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Abstract
Introduction

The role in�ammasomes play in chronic obstructive pulmonary disease (COPD) is unclear. We
hypothesised that the AIM2 in�ammasome is activated in the airways of COPD patients, and in response
to cigarette smoke.

Methods

Lung tissue, bronchoscopy-derived alveolar macrophages and bronchial epithelial cells from COPD
patients and healthy donors; lungs from cigarette smoke-exposed mice; and cigarette smoke extract-
stimulated alveolar macrophages from healthy controls and HBEC30KT cell line were investigated. AIM2
in�ammasome activation was assessed by multi-�uorescence quantitative confocal microscopy of speck
foci positive for AIM2, in�ammasome component ASC and cleaved IL-1β. Subcellular AIM2 localization
was assessed by confocal microscopy, and immunoblot of fractionated cell lysates. Nuclear localization
was supported by in-silico analysis of nuclear localization predicted scores of peptide sequences. Nuclear
and cytoplasmic AIM2 was demonstrated by immunoblot in both cellular fractions from HBEC30KT cells.

Results

Increased cytoplasmic AIM2 speck foci, colocalized with cleaved IL-1β, were demonstrated in COPD lungs
(n=9) vs. control (n=5), showing signi�cant positive correlations with GOLD stages. AIM2 nuclear-to-
cytoplasmic redistribution was demonstrated in bronchiolar epithelium in cigarette-exposed mice and in
HBEC30KT cells post 24 hrs stimulation with 5% cigarette smoke extract. Alveolar macrophages from 8
healthy non-smokers responded to cigarette smoke extract with an >8-fold increase (p<0.05) of
cytoplasmic AIM2 and >6-fold increase (p<0.01) of colocalized cleaved IL-1β speck foci, which were also
localized with ASC.

Conclusion

The AIM2 in�ammasome is activated in the airway of COPD patients, and in response to cigarette smoke
exposure, associated with a nuclear to cytoplasmic shift in the distribution of AIM2. 

Introduction
Chronic obstructive pulmonary disease (COPD) is the third leading cause of death globally, with cigarette
smoking and exposure to smoke from biomass burning the leading risk factors for disease development
[1]. Although there have been some improvements in COPD management in recent decades the therapies
are restricted to symptom reduction and there is a need for more investigation into novel molecular
targets of this disease. One of the pathologies of COPD is persistent airway in�ammation even after
cessation of smoking, which is destructive to the distal airways [1]. We have established that alveolar
macrophages in COPD patients and exposure to cigarette smoke display defective phagocytic functions
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[2, 3] that potentially lead to increased number of uncleared apoptotic cells and secondary necrosis in
contribution to self-perpetuation of in�ammation [4]. Furthermore, defective phagocytosis of microbes
favours survival and growth of opportunistic pathogens that are often associated with �ares of
in�ammatory exacerbations [1, 5].

In�ammasomes are multi-protein complexes that act as platforms for cleavage (i.e.
activation/maturation) of pro-cytokines of the IL-1 family (e.g. IL-1α, IL-1β, IL-18) [6], which are prominent
in�ammatory cytokines in COPD and other chronic lung diseases [7]. The in�ammasomes are formed
(activated) in the cytosol by protein aggregation around core protein-sentinels, and are named according
to these proteins, e.g. NLRP3 (NACHT, LRR and PYD domains-containing protein 3), AIM2 (Absent In
Melanoma protein 2), NLRC4 (NLR family CARD domain-containing protein 4) [6]. Most in�ammasomes
recruit the adapter protein ASC (Apoptosis-associated Speck-like protein containing a CARD),
oligomerization of which can be detected by �uorescence of fusion constructs or immuno�uorescence of
endogenous protein as a readout of in�ammasome activation [8]. Except for the NLRP3 in�ammasome
which senses a broad range of pathogen-derived and self-damage-derived danger signals, the other
in�ammasomes are believed to be restricted to speci�c danger signals [6]. The AIM2 in�ammasome is
activated by the inappropriate presence of double-stranded DNA (dsDNA) in the cytosolic compartment
due to transport by pathogens, or leakage from damaged organelles [6]. Most in�ammasome studies in
COPD patients and cigarette smoke exposure models have focused on NLRP3 [9–13] but recent studies
suggest involvement of the AIM2 in�ammasome [14, 15].

In this study we investigate lung cells and tissues from COPD patients and cigarette smoke-exposed
mice, and an ex vivo model of cigarette smoke extract-treated human alveolar macrophages to explore
the hypothesis that the AIM2 in�ammasome is activated in the airways of COPD patients and in response
to cigarette smoke, and that this activation is associated with a nuclear-to-cytoplasmic shift of
distribution of AIM2.

Results
AIM2 localized to both the cytoplasm and nucleus

To best determine the cellular localization of AIM2, a panel of antibodies raised in different species
against various epitope domains of human AIM2, summarized in Table S1 were compared for their
immunoreactivity in para�n and frozen sections of human lung biopsies, para�n sections of mouse
lungs, and human cell cytospins (Figure 1, Supplementary Figures S1 and S2). The panel of antibodies
showed a similar pattern of immunoreactivity with clear staining of both cytoplasm and nucleus,
independent of preservation technique, with the exception of the goat polyclonal antibody Ab4 (aa321-
335) that showed conspicuous surface staining in both para�n and frozen sections. This dual
localization was detected in various cell types, including cells outside the lung (Supplementary Figures
S2, S3, S4). Cytoplasmic AIM2 immunoreactivity was present in homogenous as well as punctate
patterns, the latter could be quanti�ed as specks using uniform confocal setting of �uorescence intensity
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threshold and size (Figures 1, 2). Nuclear staining was often increased at the nuclear margination
(Figures 1, 2). The nuclear immunoreactivity was con�rmed by Z-analysis and line pro�le analysis of
AIM2-DAPI colocalization in confocal sections of both human and mouse lung tissue (Supplementary
Data Figure S5, Movie S1).

Bio-informatic analysis was further carried out to assess nuclear localization prediction of the AIM2
protein. Ten variants of amino acid sequences of human AIM2 available from the GenBank were
analyzed, con�rming their difference by Nuclear Localization Prediction scores (Figure 1B). The highest
Nuclear Localization Prediction score of 0.58 was obtained for the longest sequence (accession number
AAH10940.1, 356 aa), while all the shorter sequences showed reduced scores between 0.39-0.1722. In
keeping with this result, a predicted monopartile Nuclear Localization Signal (NLS, VIKAKKKKHRE,
position 336) was present only in the full-length variant AAH10940.1 (Figure 2).

Increase of cytoplasmic AIM2 in airway cells of COPD patients was associated with cleavage of IL-1β

A panel of 14 para�n embedded lung biopsies taken from non-tumour adjacent tissue (as assessed by a
trained pathologist) of patients undergoing lobectomy for their cancers (9 having COPD, 5 non-COPD
controls, Table 1) was available for examination of protein expression and subcellular localisation of
AIM2/cleaved IL-1β, and quantitative analysis of their specks. As shown above, AIM2 immunoreactivity
was localized to both the cytoplasm and the nucleus in alveolar macrophages and bronchiolar epithelial
cells. Cytoplasmic specks of AIM2 were co-localized and positively correlated with cleaved IL-1β (Figures
3, 4). Importantly quantitative measurement of AIM2/ cleaved IL-1β showed signi�cant positive
correlations with GOLD stages in both alveolar macrophages and bronchiolar epithelium (Figure 4).
Speck analysis revealed also a signi�cant positive correlation between the two cell types, though the bulk
of increase observed in the former cell type (Figure 4).

The results obtained from multiple labelling of para�n sections were con�rmed by analysis of
cryosections of COPD (n=2) and non-COPD (n=2) lungs (Supplementary Online Figure S6).

To con�rm and further investigate the presence of AIM2 in�ammasome in epithelial cells, cytospins of
bronchial epithelial cells obtained via bronchoscopy-assisted brushing from a panel of 16 donors (7
COPD patients and 9 healthy controls) were examined for expression/localization of AIM2 and cleaved
IL-1β. While AIM2 immuno�uorescence in epithelial cells from healthy controls was dull (Figure 5A,
middle and right panels) or moderate (5A, left panel), there was a bright cytoplasmic staining for AIM2 in
epithelial cells from COPD patients, often associated with specks of cleaved IL-1β (Figure 5B), which was
hardly detected in control. In contrast to tissue sections and primary cultures of alveolar macrophages,
cytospins of cells freshly obtained via contained a high proportion of cell debris which prevented
quantitative particle analysis of �uorescence specks. Percentage of cells having high MFI were counted
instead, showing a signi�cant increase of AIM2 in COPD donors vs. control (p = 0.045; Figure 5C).

Cigarette smoke extract induced AIM2 in�ammasome activation in human alveolar macrophages
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Our observations in lobectomy biopsies indicate alveolar macrophages are the major cell type for the
AIM2 in�ammasome activation in the COPD airway. Therefore, BAL-derived alveolar macrophages
obtained from 8 healthy non-smoker donors were further studied. The macrophages in primary cultures
expressed low baseline levels of immunoreactivities for both AIM2 and cleaved IL-1β, followed by a
signi�cant induction of AIM2 and cleaved IL-1β immuno�uorescence specks in response to exposure to
cigarette smoke extract (Figure 6). Similar to the in vivo situation, AIM2 and cleaved IL-1β specks were
colocalized near the cell surface but also in the extracellular space (Figure 6 and Supplementary Data
Figure S7). To further support the presence of functional in�ammasomes in macrophages, co-staining
with ASC was investigated, revealing increased ASC staining colocalised with cleaved IL-1β-positive
particles (Figure 6).

AIM2 nuclear-to-cytoplasmic exit in mouse model of chronic exposure to cigarette smoke

We next tested if cigarette smoke, the major risk factor for COPD, can reproduce the characteristic AIM2
patterns of subcellular localization in experimental models. Lung tissue of mice chronically exposed to
cigarette smoke for 24 weeks were examined for AIM2 subcellular localization, and immunoreactivity for
cleaved IL-1β as indicator of a functionally active in�ammasome. The shift in AIM2 subcellular
distribution was found most remarkable in the epithelial cell type, but not alveolar macrophages. While
bronchiolar epithelium of control mice revealed predominant nuclear localization of AIM2
immunoreactivity and low levels of immunoreactivity for cleaved IL-1β, a distinctive nuclear-to-apical
translocation of AIM2 was shown in smoked mice, associated often with an increase in cleaved IL-1β.
Quantitative analysis in small numbers of animals (n = 4 per group) con�rmed that cigarette smoke
exposure induced signi�cant increase of cytoplasmic AIM2. Change in cleaved IL-1β was however not
statistically signi�cant (Figure 7).

AIM2 nuclear-to-cytoplasmic exit in cigarette smoke extract-stimulated HBEC30KT epithelial cell line

Subcellular localization of AIM2 was further investigated by cell fractionation followed by
immunoblotting, using the cell line HBEC30KT derived from human bronchial epithelium. The purity of
the nuclear and cytoplasmic fractions was con�rmed by single bands of Lamin B1 in the former, and
GADPH in the latter. While immunoblotting of the total cell lysate detected multiple bands for AIM2, the
lower molecular weight bands (~35; ~41 and ~46kDa) were more abundant in the cytoplasmic fraction,
but the higher molecular weight band (~50kDa) was predominant in the nuclear fraction (Figure 8).

The four above mentioned molecular weight bands of AIM2 were compared for their abundance after
normalization to the corresponding bands in the whole cell lysate and adjustment based on the GAPDH
(cytoplasmic) or Lamin B1 (nuclear) expression. Data obtained from cigarette smoke extract-stimulated
vs. control cells indicated that while there was only a modest change in the total, cigarette smoke extract-
stimulated cells showed a clear shift of AIM2 out of the nucleus (Figure 8).

In line with data from immunoblotting analysis of cell fractions, confocal analysis demonstrated a
distinctive nuclear-to-cytoplasmic redistribution of AIM2 protein, compared to vehicle control (Figure 8).
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No signi�cant increase of cleaved IL-1β was however observed.

Discussion
In this study we report the �rst evidence of cell type-speci�c activation of AIM2 in�ammasome in COPD
airways. Although known as molecular platforms driving in�ammation, the role of in�ammasomes in
COPD remains controversial. Faner et al [9] reported that lungs of stable COPD patients showed an
increased expression of the NLRP3 and IL-1β genes which correlated with decreasing lung function.
During exacerbations, COPD patients showed activated caspase-1, oligomerization of ASC protein as
indicator of in�ammasome activation, and an increase of IL-1β protein in their sputum [9]. However, in
another study by Di Stephano et al [10], no signi�cant activation of in�ammasomes was found based on
protein expression of caspase-1 and NLRP3 in bronchial mucosa and IL-1β, IL-18 in BAL of smokers and
patients with mild/moderate or severe COPD compared to healthy non-smokers. An upregulation of the
in�ammasome inhibitory proteins NALP7 and IL-37 was detected instead [10]. In addition to human
studies, �ndings on rodent models of exposure to cigarette smoke also showed differences in outcomes
with results that support in�ammasome activation [11, 12] or indicate suppression of it in contrast [13].
Here, differences might relate to the type of in�ammasome(s) involved. Eltom et al [12] reported that mice
missing functional NLRP3 but not AIM2 protein were protected against cigarette smoke-induced IL-1β/IL-
18 release, supporting NLRP3, but not AIM2 as the major in�ammasome involved.

Recent studies reported AIM2 in�ammasome pathway upregulation in peripheral blood mononuclear
cells (PBMCs) of COPD patients during exacerbations but not during stable periods [14, 15]. Although
CD14+ PBMCs showed increased AIM2 protein expression in COPD patients compared to non-COPD
smokers and healthy subjects [14], stimulation of PBMCs with poly-dA:dT as surrogate dsDNA was able
to induce IL-1α release only when cells were obtained from exacerbated but not stable COPD patients
[15]. The AIM2 in�ammasome activation in this model triggered production of detrimental TGF-β [14] and
could not be alleviated with dexamethasone [15]. Although these studies point out a possible
in�ammatory mechanism contributing to the severity of the disease, whether the AIM2 in�ammasome is
activated in COPD airways and independently of exacerbation periods was not known.

The discrepancies between our and other studies could be caused by either (i) varying degrees of COPD
severity, and/or (ii) the cell types available for analysis, and/or (iii) the methods used for the detection of
in�ammasome activation. First, our data reveals a positive correlation between readouts of the airway
AIM2 in�ammasome activation and GOLD stages, which is in line with recent data indicating AIM2
in�ammasome activation in peripheral blood during exacerbation �ares [14, 15]. Second, although in this
study in�ammasome activation was shown not to be limited to the myeloid lineage, with epithelial cells
clearly showing cleavage of IL-1β and cytoplasmic AIM2 specks correlated with GOLD stages, numbers
of ‘positive’ epithelial cells remained an order lower than in alveolar macrophages. Multi�uorescence
confocal microscopy can detect those cells but their low numbers might be below the threshold of
detection by other methods. Third, as in�ammasome activation is a process of protein aggregation,
measurement of mRNA or protein-precursors instead of active forms (cleaved or oligomerized) may not
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necessarily re�ect in�ammasome activation but in�ammasome priming. In this and previous studies [16,
17] we use the comparison of specks versus homogenous �uorescence which re�ects the presence of
oligomeric versus monomeric states of in�ammasome proteins. This approach is well recognised for
detection of in�ammasome activation by confocal microscopy [8, 18]. With limitations related to (i)
descriptive and correlative rather than causative �ndings, (ii) small numbers of lung tissue biopsies and
(iii) using confocal speck analysis as single readout of in�ammasome activation, we are careful with
conclusions. Nevertheless, the data presented here, in combination with recent results from analysis of
blood cells [14, 15] support the hypothesis that the AIM2 in�ammasome can be considered as a potential
therapeutic target in severe stages of COPD.

Results from the experimental models in this study lend further support of the AIM2 in�ammasome
activation in response to cigarette smoke exposure. In the ex vivo model of alveolar macrophages
exposed to cigarette smoke extract, enhanced staining of ASC and AIM2 specks co-localized with cleaved
IL-1β-positive foci clearly supports in�ammasome activation. The mouse model of chronic exposure to
cigarette smoke, and the in vitro model of short-term exposure of human cell line HBEC30KT to cigarette
smoke extract suggest however, that response of the epithelial cell type to cigarette smoke exposure may
not necessarily include a clear evidence of in�ammasome activation. However, in both models, the
epithelial cell type responded to cigarette smoke with a shift of AIM2 distribution from the nucleus to the
cytoplasm, which apparently constitutes a necessary step of priming to in�ammasome activation, as that
was seen in the COPD airway.

The AIM2 protein belongs to the family of p200/HIN-200 proteins, most of which are nuclear residents, in
line with the �nding of a consensus bi-partile NLS near the N-terminus of their sequences [19; 20]. In
contrast to the majority of this family, the AIM2 protein has been considered a primarily cytoplasmic
resident, supported by the absence of the consensus NLS described above [20]. Data presented in this
study indicates that the AIM2 protein can be either a nuclear or cytoplasmic resident. First, our bio-
informatic analysis showed that in difference from all other variants of AIM2, the largest variant
(AAH10940.1, 356 aa, MW 41kDa) contains a mono-partile NLS at the C-terminus, having accordingly a
predicted nuclear localization score considerably higher than all other variants, which are all truncated
from the C-terminus. Second, results from cell fractionation experiment indicate that while the
cytoplasmic fraction contained multiple bands of lower molecular weight AIM2, the nucleus is enriched
with a higher molecular weight AIM2. Last, but not least, confocal analysis indicates a great variation of
nuclear-to-cytoplasmic distribution of AIM2, apparently depending on cell types and their state of activity,
but co-localized AIM2/cleaved IL-1β �uorescent speck foci were exclusively found only in the cytoplasm
and not the nucleus. These multiple lines of evidences support a hypothetic redistribution of AIM2
between the nucleus and cytoplasm, which raises intriguing questions regarding how the cell avoids
in�ammasome activation inside the nucleus in presence of genomic double-stranded DNA, and warrants
further mechanistic studies to investigate possible roles of alternate mRNA splicing, or open frame
reading, or post translation modi�cations of AIM2 in regulation of the protein tra�cking and the
in�ammasome activation.



Page 8/22

In conclusion, our results support a hypothesis that the AIM2 in�ammasome is activated in the airway of
COPD patients and in response to exposure to cigarette smoke. The AIM2 in�ammasome activation is
correlated with the disease severity and coupled with the protein redistribution between the nucleus and
cytoplasm, offering a possible therapeutic target.

Material And Methods
Human tissues and cells. Protocols were approved by human and animal ethics committees of the Royal
Adelaide Hospital. Banked para�n and frozen lung biopsies from our previous study of COPD and non-
COPD control patients who were undergoing lobectomies for management of lung cancer were studied,
their collection and preparation as described [21]. COPD status was assessed according to GOLD criteria.
Bronchoscopy sampling of human alveolar macrophages and bronchial epithelial cells from COPD
patients and non-COPD controls was conducted as previously described [22, 23]. Details of the subjects
included in this study are presented in Table S2. Alveolar macrophages were re-suspended in RPMI 1640,
supplemented with 10% FCS and 1% wt/vol penicillin/gentamicin at a concentration of 6 × 104 cells/mL
and seeded at 30,000 cells per 0.5 cm2 in eight-well chamber slides and alveolar macrophages puri�ed
by attachment for 1 h. Alveolar macrophages were cultured for further 24 h in presence of 10% cigarette
smoke extract or vehicle control as described [3; 24]. For quantitative analysis of cytoplasmic AIM2
specks and IL-1β cleavage in para�n sections of lobectomy biopsies, patients having COPD de�ned by
the GOLD criteria (n = 9), and non-COPD patients (n = 5) were included; Patients having asthma but no
COPD were excluded (Table 1). 

Murine tissues. A mouse model of chronic exposure to cigarette smoke was carried out as described
according to protocols approved by the institutional Ethics Committee [25, 26]. Brie�y, female BALB/c
mice (8-10 weeks of age) were exposed to three �ltered cigarettes over a 1 h period, three times per day, 5
days per week, for the total of 24 weeks. At the end of experiment, mouse lungs were in�ation �xed with
neutral buffered formalin (NBF), dissected, �xed in NBF for 24 h and processed into para�n blocks.

Immuno�uorescence and antibodies. Indirect (two step) immuno�uorescence of in�ammasome proteins
in tissue [17, 27] and cells [16] was performed according to previously published protocols. Five
commercial antibodies (Ab1-5) raised in different species against different immunogenic peptides
derived from human AIM2 were used in the study and listed in Table S1. Other primary antibodies,
directed against human cleaved IL-1β (goat polyclonal), mouse cleaved IL-1β (goat polyclonal), and anti-
ASC (mouse monoclonal) were from Santa Cruz. The speci�city of the antibodies to cleaved human and
cleaved mouse IL-1β was con�rmed by pre-incubation and blocking speci�c labelling with the
immunogen peptides. The secondary antibodies were AF488, AF594 and AF647-conjugated donkey
serum IgG F(ab’)2 fragments, obtained from Jackson ImmunoResearch (West Grove, PA, USA).

Multi�uorescence quantitative confocal microscopy. Multi�uorescence confocal microscopy for
quantitative analysis [28] was described in details in [17], using a LSM700 confocal system (CarlZeiss
Australia, NorthRyde, NSW, Australia). In�ammasome activation was detected by speck foci of AIM2 and
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cleaved IL-1β as previously described [16, 17]. Brie�y, using the particle analysis function of the ImageJ
software (NIH, Bethesda, MA, USA), the lower threshold of �uorescence intensity was set uniformly high
to gate in only bright particles at uniformly selected sizes, which were then counted and results
normalized to the cell numbers counted separately by counting DAPI-stained nuclei.

Bio-informatic analysis. By searching in Protein PubMed, using keywords “AIM2” and “Homo sapiens”, 10
variants of human AIM2 amino acid sequences previously deposited in the Gene Bank were obtained.
Variant sequences were aligned as in Figure 2, using a tool available at
http://www.ebi.ac.uk/Tools/msa/clustalo/. The sequences were then submitted to online softwares for
Nuclear Localization Prediction score [29] and prediction of Nuclear Localization Signal [30].

HBEC30KT cell culture, cell fractionation and Western blot analysis.

The previously characterised Cdk4 (cyclin-dependent kinase 4) and hTERT (human telomerase reverse
transcriptase)-immortalized human bronchial epithelial cell line HBEC30KT were a gift from Dr John
Minna and were maintained in Keratinocyte-SFM (Thermo Fisher Scienti�c, Scoresby VIC) containing 50
mg/mL bovine pituitary extract and 5 ng/mL epithelial growth factor, as previously described [31, 32].
HBEC30KT cells were treated with 5% CSE or vehicle control for 24 h prior to being scraped directly into
ice-cold nuclear isolation buffer (NIB: 10 mM HEPES, 10 mM potassium, 0.1 mM EDTA). Cells were
disrupted by 10 passes through a 26.5G needle before pelleting at 800 x g for 10 min at 4oC, the
supernatant was collected as the cytosolic fraction, pellets were washed twice in NIB before being lysed
in nuclear extraction buffer (NEB, 10 mM HEPES, 10 mM potassium, 0.1 mM EDTA, 400 mM sodium
chloride, 1% v/v Igepal Ca-630) on ice for 15 min before clearing the nuclear lysate at 17,000 x g for 10
min at 4oC. For whole-cell lysates, cells were lysed directly into NEB and treated as above. NIB and NEB
were supplemented with 1 mM DTT, 10 mM B-glycerophosphate, 2 mM Sodium orthovanadate, 2 mM
sodium �uoride, 10 mM sodium pyrophosphate and protease inhibitor cocktail (Roche, Castle Hill NSW).
Lysates were quantitated using BCA assay (Thermo Fisher Scienti�c) and 10ug of total protein or
equivalent volumes of cytosolic and nuclear lysates were loaded onto Bio-Rad (Gladesville NSW) 4-15%
TGX gels before transferring to nitrocellulose. Antibodies diluted in Odyssey blocking buffer (LI-COR, NE
USA) were incubated overnight at 4oC, rabbit anti-AIM2 (1:1000, Bioss. MA USA), rabbit anti-GAPDH
(1:5000, 14C10, Cell Signalling Technology, MA USA) and rabbit anti-Lamin B1 (1:10,000, PA5-86096,
Thermo), before detection with goat anti-rabbit 800 (LI-COR) on an Odyssey CLX scanner (LI-COR).

Statistical analysis. Mann-Whitney U-test was employed for differences between subgroups of patients,
paired T-test for difference induced by cigarette smoke extract in primary cell cultures and correlation
analysis by Pearson’s test. All analyses were undertaken using Prism software.
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Figure 1

Nuclear and cytoplasmic AIM2. Representative confocal images revealing nuclear and cytoplasmic AIM2
detected with a rabbit polyclonal antibody (A, aa250-300/354, red by AF594) and a mouse monoclonal
antibody (B, aa1-159, pseudogreen by AF647) in the same para�n section of a human lung biopsies.
Boxed areas are shown at magni�cation (right) to reveal cells having predominantly nuclear AIM2 (top
box), or both nuclear and cytoplasmic AIM2 (bottom box). Blue is DAPI. Nuclear localization of AIM2 is
indicated by the merged colors magenta in A and azure in B. Scale bars are in micrometers.
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Figure 2

Amino acid sequence variants of human AIM2 and their Nuclear LocalizationPrediction score. NucPred:
Nuclear Localization Prediction. NLS: Nuclear localization sequence signal.
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Figure 3

Nuclear exit of AIM2 in lungs of COPD patients was coupled with IL-1β cleavage. A, B: Representative
confocal images of alveolar macrophages (A) and bronchiolar epithelium (B) in lung biopsies from non-
COPD non-smoker controls (top) and COPD-III patients (bottom). Red: AIM2 by mouse mAb #1 (aa1-195);
green: cleaved IL-1β; blue: DAPI. Magenta is the merged color of red and blue, indicating nuclear
localization of AIM2. Yellow/orange is the merged color of red and green, indicating colocalization of
AIM2 and cleaved IL-1β (short arrows). Scale bars are in micrometers.
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Figure 4

Correlation analysis of AIM2 and cleaved IL-1β specks in lung biopsies. A, B: Increase of cytoplasmic
AIM2 specks directly correlated with that of cleaved IL-1β, in either alveolar macrophages (A) or
bronchiolar epithelium (B). C, D: Positive correlations of AIM2 and cleaved IL-1β specks between alveolar
macrophages and bronchiolar epithelium. Black dots in A-D represent data sets obtained from COPD
patients; grey dots: non-COPD non-smoker controls. E - H: Levels of AIM2 and cleaved IL-1β specks in
each cell type positively correlated with GOLD stages. COPD, n=9; non-COPD non-smoker controls, n=5.
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Figure 5

AIM2 expression and localization in airway epithelial cells obtained from COPD patients and non-COPD
non-smoker controls by upper airway brushing. A, B: Representative confocal images of AIM2 (red, Ab #1,
aa250-300/354) and cleaved IL-1β (green) in cells from three different COPD patients (B) vs. three non-
COPD non-smoker controls (A). Blue: DAPI. Scale bars in B are in micrometers and applied for the whole
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panel. C: Quantitation of bright AIM2 positive cells from COPD (n=7) vs. non-COPD non-smoker control
(n=9).

Figure 6

Cigarette smoke extract (CS) induced AIM2 in�ammasome activation in non-COPD non-smoker control
BAL derived alveolar macrophages. A, B: Representative confocal images of AIM2 (red, Ab #1, aa250-
300/354) and cleaved IL-1β (green) in alveolar macrophages exposed to cigarette smoke extract (B), vs.
vehicle control (A). C, D: Quantitation of AIM2 and cleaved IL-1β specks (PPC, number of particles per
cell) in cells treated with cigarette smoke extract (CSE) vs. vehicle control for paired analysis (n=8). E:
Colocalization of cleaved IL-1β with ASC in CSE-treated alveolar macrophages.
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Figure 7

Nuclear-to-cytoplasmic translocation of AIM2 and increased cleaved IL-1β in bronchiolar epithelium of
cigarette smoke-exposed mice. A, B: Representative confocal images of AIM2 (red, Ab #1, aa250-
300/354) and cleaved IL-1β (green) in bronchioles of mice exposed to cigarette smoke for 24 week (B),
vs. sham control (A). C, D: Line pro�le analysis revealing nuclear localization of AIM2 in control mice (C)
and cytoplasmic in smoked mice (D). Pixels intensities measured along the line (inset) were plotted in y-
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axis, vs. their localization in x-axis. E, F: Quantitation of AIM2 cytoplasmic specks and cleaved IL-1β in
mouse bronchioles, cigarette smoke-exposed (n=4) vs. sham control (n=4).

Figure 8

Nuclear-to-cytoplasmic redistribution of AIM2 in cigarette smoke extract- (CSE-) stimulated HBEC30KT
cells. A: Representative Western blots analysis of AIM2 in whole cell lysate(W), cytoplasmic (C) and
nuclear fractions (N) (n=2). B: Comparison of band abundance between CSE-stimulated and control.
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Band abundance was normalized to the corresponding band in the whole cell lysate and adjusted to
GAPDH (cytoplasmic) or Lamin B1 (nuclear) expression. C: Representative confocal images of
HBEC30KT, control vs. CSE-stimulated (n=2). Green: mouse mAb (Ab5); Red: rabbit pAb (Ab1). Blue: DAPI.
Scale bars are in micrometers.
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