
Elevated expression of the NLRP3 inflammasome in neutrophilic asthma 

Jodie L Simpson PhD BSc (Hons)1  

Simon Phipps PhD BSc (Hons)2,3,* 

Katherine J Baines PhD BMedSci (Hons)1 

Kevin M Oreo BMedSci (Hons)4 

Lakshitha Gunawardhana BBiotech (Hons)1 

Peter G Gibson MBBS FRACP 1,4,5 

* joint first author 

JLS contributed to conception and design, sample collection, analysis and interpretation of data; 

drafting the article and final approval of the version to be published.  

SP contributed to conception and design, interpretation of data, drafting the article and final 

approval of the version to be published 

KJB contributed to analysis and interpretation of data; drafting the article and final approval of the 

version to be published. 

KMO and LG contributed to acquisition of data, drafting the article and final approval of the 

version to be published 

PGG contributed to conception and design, acquisition of data, interpretation of data; drafting the 

article and final approval of the version to be published. 

1 Department of Respiratory and Sleep Medicine, Centre for Asthma and Respiratory Diseases and 

Hunter Medical Research Institute, Faculty of Health, School of Medicine and Public Health.  The 

University of Newcastle, Callaghan NSW 2308 AUSTRALIA 

2 School of Biomedical Sciences, The University of Queensland, Queensland, Australia;  

3 Australian Infectious Diseases Research Centre, The University of Queensland, Queensland, 

Australia. 

4 Woolcock Institute of Medical Research, Sydney NSW AUSTRALIA 

 . Published on October 17, 2013 as doi: 10.1183/09031936.00105013ERJ Express

 Copyright 2013 by the European Respiratory Society.



5 Department of Respiratory and Sleep Medicine, John Hunter Hospital, New Lambton NSW 2305 

AUSTRALIA 

Address for correspondence:   Associate Professor Jodie L Simpson 

Level 2, West Wing, Hunter Medical Research Insitute 

Locked Bag 1, Hunter Region Mail Centre 

Newcastle, NSW 2310, AUSTRALIA 

Email: jodie.simpson@newcastle.edu.au 

Phone: 61 2 40420148 Fax: 61 2 40420046 

Take home message: The NLRP3 inflammasome may be a key regulator of neutrophilic airway 

inflammation in asthma through production of IL-1 

 

 

Word Count: 3004



3 

ABSTRACT 

 

Asthma is a heterogeneous inflammatory airways disorder where IL-1 is thought to be a key 

mediator, especially in the neutrophilic subtype of asthma.  The generation of active IL-1 requires 

proteolytic cleavage typically mediated through the formation of a caspase-1-containing 

inflammasome. This study hypothesised that an IL-1 endotype associated with the 

NLRP3/ASC/Caspase-1 inflammasome is characteristic of patients with the neutrophilic subtype of 

asthma. 

 

Participants with asthma (n=85) and healthy controls (n=27) underwent clinical assessment, 

spirometry and sputum induction. Sputum was processed for differential cell count, gene expression 

and protein mediators. NLRP3 and Caspase-1 expression was also determined by 

immunocytochemistry. Sputum macrophages were isolated (n=8) and gene expression of NLRP3 and 

IL-1determined. 

 

There was significantly elevated gene expression of NLRP3, caspase-1, caspase-4, caspase-5 and IL-

1 in participants with neutrophilic asthma. Protein levels of IL-1 were significantly higher in those 

with neutrophilic asthma and correlated with sputum IL-8 levels. Sputum macrophages, as well as 

sputum neutrophils in neutrophilic asthma, expressed NLRP3 and caspase-1 protein. 

 

NLRP3 inflammasome is upregulated in neutrophilic asthma and may regulate the inflammation 

process observed in this asthma phenotype through production of IL-1. 

 

Word Count: 183 
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INTRODUCTION 

 

Asthma is a complex disease with a heterogeneous inflammatory response that can be sub-typed 

based on the presence of sputum granulocytes and T helper cytokine responses [1, 2]. This 

inflammatory sub-typing has been effective in managing inhaled corticosteroid treatment and 

reducing exacerbations in eosinophilic asthma. While the mechanisms leading to eosinophilic 

inflammation in asthma have been extensively studied, little is known about non-eosinophilic asthma, 

in particular the accumulation and responsiveness of neutrophils in the airways. The neutrophilic 

subtype of asthma has been identified in stable asthma [1], acute asthma exacerbations [3] and severe 

corticosteroid dependent asthma [4]. A role for dysfunction of the innate immune system in 

neutrophilic asthma is hypothesised, where toll-like receptor (TLR)-2 activation is reported [5], 

however precise mechanisms and triggers are unclear. In a transcriptomic analysis, we identified that 

the IL-1 receptor and associated signalling intermediates were up-regulated in neutrophilic asthma 

[6]. However, whether the pathways that promote the expression and maturation of IL-1 are altered 

in asthma remains poorly defined.  

 

The synthesis of immature pro-IL-1 is induced by activation of innate immune receptors such as the 

TLR and nucleotide oligomerization domain like receptor families, which sense conserved microbial 

motifs known as pathogen-associated molecular patterns. A second signal is required to induce the 

proteolytic cleavage of pro-IL-1 to its active, potent inflammatory form. This second signal can 

occur through the formation of a multi-subunit complex, called the ‘inflammasome’, that is composed 

of a proinflammatory caspase(s), a nucleotide binding domain, leucine rich repeat-containing family 

(NLR) protein (NLRP) and the adaptor molecule, ASC (apoptosis-associated speck-like containing a 

caspase-recruitment domain) [7-9]. Mature IL-1 then activates the IL-1 receptor to induce the 

production of pro-inflammatory cytokines including IL-8, which is typically elevated in neutrophilic 

asthma [10]. 
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The inflammasomes NLRP1, NLRP3, NLRC4 and AIM2 all contain caspase-1, which is itself 

synthesised in an inactive form. In mice, caspase-11 is essential for caspase-1 activation [11], 

suggesting that the human orthologues of murine caspase-11, caspase-4 and 5, may synergise with the 

inflammasome complex to regulate caspase-1 activation [9]. The NLRP3 inflammasome is the most 

extensively characterised, and emerging data in man and mouse suggest that caspase-4/5 and caspase-

11 respectively contribute to NLRP3 inflammasome activation [12-14]. In human airways a 

functional NLRP3 inflammasome has been identified in airway epithelial cells [15] and peripheral 

blood neutrophils express all components of the NLRP3 inflammasome as well as IL-1β [16], 

however there is little data reporting the expression of NLRP3 inflammasome components in other 

cells from the airways in patients with asthma. A number of bacterial pathogens have been shown to 

require both TLR2 and inflammasome signalling to elicit the host immune response [17-19], and 

while we have previously investigated the expression of TLR2 in asthma subtypes, the expression of 

inflammasome-associated proteins and IL-1 in asthma subtypes is unknown. This study 

hypothesised that an IL-1 endotype associated with the NLRP3/ASC/Caspase-1 inflammasome may 

underlie the phenotype of neutrophilic inflammation observed in patients with neutrophilic asthma. 

 

 

METHODS 

Study participants 

We studied non-smoking adults with asthma (n=85) from the Respiratory and Sleep Medicine 

Ambulatory Care Service at John Hunter Hospital, NSW, Australia and healthy controls (n=27) from 

the community by advertisement. Asthma was defined as physician-diagnosed asthma and a history 

of demonstrated airway-hyperreactivity to hypertonic saline (a PD15 <15)  and/or a response to 

bronchodilator of more than 12% or 200mL. Participants gave written informed consent. The Hunter 
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Area Health Service and University of Newcastle Research Human Ethics Committees approved this 

study. 

Study Design 

Participants attended a single visit where an assessment of symptoms, atopy, medication use, smoking 

status, and spirometry and sputum induction was undertaken. Sputum was processed for 

inflammatory cell counts, gene expression and assessment of inflammatory protein in both 

supernatant and using immunocytochemistry. Further detail of smoking assessment, lung function 

and sputum processing is provided in the online data supplement. 

Sputum inflammatory subtypes 

Participants were categorized as eosinophilic (sputum eosinophils ≥ 3%, sputum neutrophils <61%), 

neutrophilic (sputum neutrophils ≥ 61% and sputum eosinophils <3%) or paucigranulocytic asthma 

(sputum neutrophils <61% and sputum eosinophils <3%) [20]. As there were only 3 participants with 

a mixed granulocytic inflammatory pattern of asthma (sputum neutrophils ≥61 and sputum 

eosinophils ≥3%) these were not included in the analysis due to the small numbers. 

Sputum gene expression 

RNA was extracted, reverse transcribed to cDNA and real-time PCR was performed as previously 

described [6]. Results were calculated using 2-ΔΔCt (threshold Cycle) relative to both the internal 

housekeeping gene (18SrRNA) and the mean Ct of the healthy control group. 

Sputum supernatant mediator assessment 

IL-1IL-8, neutrophil elastase NE), were assessed using commercial assays (R&D Systems, 

Minneapolis, MN, USA). The optimisation of IL-8 for sputum has been reported previously [21]. No 

effect of DTT was observed in any assay and recovery of spiked sputum samples were >80% for IL-

1. 

Sputum immunocytochemistry 

Cytospins were fixed in PLP fixative (3% paraformaldehyde, l-lysine monohydrate, sodium m-

periodate) [22], dried and coated in 15% sucrose before storage at -20ºC. Thawed cytospins were 
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washed, permeabilized ( 0.1% Triton X-100,Sigma-Aldrich, St Louis, MO, USA) and blocked (1.5% 

bovine serum albumin, 1.5% donkey serum (Sigma-Aldrich, St Louis, MO, USA), 0.1% Triton X-

100/PBS). Primary antibodies Caspase-1 p10 (C-20) rabbit anti-human polyclonal (sc-515: Santa 

Cruz Biotechnology Inc., Santa Cruz, CA, USA), Neutrophil Elastase (clone NP57) mouse anti-

human monoclonal (M0752: DakoCytomation, Glostrup, Denmark) and CIAS1/NALP3 goat anti-

human polyclonal (ab4207: Abcam plc, Cambridge, UK) were added followed by secondary donkey 

Alexa Fluor® antibodies matched for species (Life Technologies, Carlsbad, CA, USA). Primary 

antibody incubation was performed at 4°C whilst secondary antibody incubations were performed at 

room temperature. Cells were mounted using ProLong Gold antifade reagent with DAPI (Life 

Technologies, Carlsbad, CA, USA) for nuclear detection and stored at 4ºC protected from light. 

Slides were analysed on a Nikon Eclipse 90i Fluorescent Microscope and images were collected with 

NIS Elements software (Nikon Instruments Inc., Melville, NY, USA). Images were then merged 

using Image J (National Institutes of Health, Maryland, USA). 

Sputum IL-1 immunoblot 

 Protein assessment was performed on thawed sputum supernatant using the ProStain™ Protein 

Quantification Kit (Active Motif Inc., Carlsbad, CA, USA). Sputum protein (5ug) was mixed with 

Laemmli sample buffer (Bio-Rad Laboratories, Hercules, CA, USA) and boiled for 10mins prior to 

SDS PAGE separation on precast polyacrylamide gels (Mini-PROTEAN® TGX Any kD Stain-

Free™ Gels; Bio-Rad Laboratories, Hercules, CA, USA). Separated proteins were transferred onto 

PVDF membranes (Immobilon-P Membrane, PVDF, 0.45 µm; EMD Millipore Corporation, Billerica, 

MA, USA) , blocked (5% skim milk powder in TBS-T buffer) and incubated overnight with anti-

IL1 antibody (ab2105; Abcam plc, Cambridge, UK). Following washing, the membrane was 

incubated in anti-rabbit IgG conjugated to HRP (ab6721; Abcam plc, Cambridge, UK) at room 

temperature for 1 hour. Protein bands were detected using SuperSignal® West Femto Maximum 

Sensitivity Substrate reagents (Thermo Fisher Scientific Inc., Waltham, MA, USA) on the 

ChemiDoc™ MP Imaging System (Bio-Rad Laboratories, Hercules, CA, USA). 
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Macrophage Isolation from Sputum 

Sputum macrophages were isolated via negative selection using magnetic cell separation with CD15 

microbeads (Miltenyi Biotec, Sydney, Australia), LS cell separation columns and the VarioMACS 

system as per manufacturer’s instructions (Miltenyi Biotec). 

 

Analysis 

Data were analysed using Stata 11 (StataCorp, College Station, Texas, USA). Results are reported as 

mean (SD) or median (q1,q3) unless otherwise indicated. Analysis was performed using the two-

sample Wilcoxon rank sum test, and the Kruskal-Wallis test was used for more than two groups. 

Fishers’ exact test was used for categorical data. Multiple linear regression was conducted using a 

stepwise regression with the significance level for removal from the model was P=0.100, and the 

significance level for addition to the model was P=0.050. Variables were included in the model when 

P<0.250 in univariate regression, age and sex were forced into the model. All results were reported as 

significant when P<0.05 and P<0.008 for post-hoc testing in the 4 group analysis. 

 

 

RESULTS 

Participants with asthma of different inflammatory subtypes were similar in terms of age, gender and 

FEV1 % predicted. Those with non-eosinophilic airway inflammation (neutrophilic and 

paucigranulocytic) tended to be older with greater smoking pack years than the eosinophilic group 

(Table 1). Reduced FEV1/FVC % along with increased total cells, and a reduced proportion of 

macrophages were observed in those with neutrophilic asthma compared to the other 3 groups (Table 

1). All participants with asthma had sputum samples of good viability (>40%). 
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Table 1: Participant demographics and sputum inflammatory cell counts for participants with 

Eosinophilic, Neutrophilic or Paucigranulocytic asthma and healthy controls. Data are median 

(q1,q3) unless indicated. 

 Eosinophilic  

Asthma 

Neutrophilic  

Asthma 

Paucigranulocytic 

Asthma 

Healthy 

Controls 

P* 

n 30 20 35 27  

Age, mean (range) 53 (23-82) § 64 (43-76) § 60 (31-80) § 41 (20-69) <0.001 

Sex male/female 17/13 10/10 21/14 12/15 0.647 

Ex-smoker, n (%) 10 (33%) 8 (40%) 14 (40%) 3 (11%) 0.052 

Pack years  0.5 (0.3,1.0) 5.0 (2.7,14.6) # 7.0 (2.0,10.5) # 0,1, 1.1 2,9 0.004 

FEV1% predicted, 

mean (SD) 

75 (20) § 62 (17) § 74 (20) § 104 (12) <0.001 

FEV1/FVC, % mean 

(SD) 

68 (11) § 59 (11) †#§ 68 (11) § 82 (7) <0.001 

ICS dose 1000 (1000,2000) 2000 (800,2000) 2000 (1000,2000) - 0.531 

Total cells x106/mL  2.97 (1.53,5.31) 9.63 (4.73,14.63)†ǂ§ 2.88 (1.89,4.59) 2.30 (1.53,4.46) <0.001 

Viability, %  74 (65,84) 91 (83,94)†ǂ§ 71 (55,81) 67 (58,81) <0.001 

Neutrophils, %  27.1 (18.3,36.3) 81.6 (68.8,90.1)† #§ 25.5 (15.3,39.0) 25.6 (13.3,41.8) <0.001 

Neutrophils x 104/mL, 89.9 (38.9,130) 815 (385,1218) †#§ 63.8 (34.7,176) 53.4 (22.4,131) <0.001 

Eosinophils, %  7.9 (4.3,17)†§ 0.4 (0.1,1.0) # 0.5 (0.0,1.0) 0.3 (0,0.5) <0.001 

Eosinophils x 104/mL 20.4 (8.4,68.7)†§ 2.6 (0.3,5.7) # 0.8 (0.0,3.8) 0.6 (0.0,1.8) <0.001 

Macrophages, %  52.0 (41.3,69.5) 15.3 (8.6,22.2) †#§ 66.7 (48.0,76.3) 64.8 (47.8,75.5) <0.001 

Macrophages x 104/mL 172 (68.0,281) 108 (67.5,228) 164 (119,296) 131 (81.9,268) 0.137 

Lymphocytes, %  0.5 (0.3,1.3) 0.5 (0.0,1.0) § 0.9 (0.0,1.5) 1.8 (0.5,3.3) 0.035 

Lymphocytes x 

104/mL 

1.6 (0.7,4.3) 2.7 (0.0,7.4) 2.4 (0.0,5.5) 3.2 (1.3,8.4) 0.465 

Columnar Epithelial 

cells, %  

3.1 (0.8,5.8) 1.4 (0.0,3.4) 4.8 (1.0,6.5) 2.8 (1.0,12.8) 0.093 

Columnar Epithelial 

cells x 104/mL 

6.7 (3.9,17.3) 8.2 (0.0,21.9) 2.7 (0.0,8.3) 4.5 (2.4,11.3) 0.533 
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Squamous, %  3.9 (1.5,7.8) 1.4 (0.6,2.9) #* 2.9 (1.0,11.9) 5.7 (2.0,8.5) 0. 041 

* P value for 4 group comparison, †p<0.008 vs. paucigranulocytic asthma # p <0.008 vs. eosinophilic 

asthma, § p<0.008 vs. healthy controls. 

 

Inflammasome components 

Gene level expression for components of the NLRP3 inflammasome was higher in neutrophilic 

asthma. Specifically, NLRP3 expression was significantly higher in those with neutrophilic asthma 

compared to eosinophilic and paucigranulocytic asthma as well as healthy controls (Figure 1A). 

While highest in neutrophilic asthma, ASC gene expression was not different between the groups 

(Figure 1B). In order to examine this further we then compared the NLRP3: ASC ratio and found that 

this was also significantly elevated in those with neutrophilic asthma compared to eosinophilic 

asthma, paucigranulocytic asthma and healthy controls (Figure 1C). Gene expression of the pro-

inflammatory caspases, caspase-1, caspase-4 and caspase-5, were significantly elevated in 

participants with neutrophilic asthma (Figure 1D, 1E and 1F). 

 

IL-1 mRNA was assessed in 18 healthy controls and all 85 participants with asthma, IL-1 protein 

levels were measured in 8 healthy control and 75 participants with asthma due to the limited volumes 

of sputum supernatant available. Both gene expression and protein levels of IL- were elevated in 

those with neutrophilic asthma compared to eosinophilic asthma, paucigranulocytic asthma and 

healthy controls (Figure 2A and 2B). We then confirmed the presence of the mature form of IL-1 in 

the supernatants of patients with neutrophilic asthma using western blot (Figure 2C). 

 

Next we assessed the expression of NLRP3 and caspase-1 in mixed sputum cells using 

immunocytochemistry. Neutrophil elastase was used to clearly identify sputum neutrophils from 

eosinophils and macrophages. NLRP3 and caspase-1 immunoreactivity was observed in sputum 

macrophages from patients with all subtypes of asthma (Figure 3B, C and D). Sputum neutrophils 
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were positive for NLRP3 in neutrophilic asthma (Figure 3A) while caspase-1 immunoreactivity of 

sputum neutrophils was detectable in both neutrophilic and eosinophilic asthma (Figure 3A and C).  

 

Inflammasome gene expression in isolated airway macrophages 

In a subset of samples (n=3 neutrophilic, n=5 paucigranulocytic asthma), sputum macrophages were 

isolated to a purity of >90% using magnetic cell separation. Gene expression of IL-1β was 

significantly increased and NLRP3 was higher in isolated sputum macrophages in neutrophilic 

asthma (Figure 4). 

 

TLR and NLR expression and mediators of neutrophilic inflammation 

Gene expression for NOD2 andTLR2 was significantly higher in those with neutrophilic asthma, but 

no differences were observed between the patient groups for gene expression of TLR4 (Table 2). 

Levels of mediators associated with neutrophilic inflammation (IL-8, and NE) were also highest in 

those with neutrophilic asthma (Table 2). 

 

Table 2: NOD2, TLR gene expression and inflammatory protein expression for participants 

with eosinophilic, neutrophilic and paucigranulocytic asthma and healthy controls. Data are 

expressed as median (q1, q3). 

 Eosinophilic 

Asthma 

Neutrophilic 

Asthma 

Paucigranulocytic 

Asthma 

Healthy 

Controls 

P * 

Gene Expression      

NOD2 mRNA 0.68 (0.37,1.52) 2.71 (0.92,6.87)† # 0.54 (0.35,1.56) 0.95 (0.53,1.28) 0.001 

TLR2 mRNA 1.29 (0.55,3.52) 8.59 (4.46,17.61)† #§ 2.74 (0.67,7.57) 0.86 (0.39,2.40) <0.001 

TLR4 mRNA 0.78 (0.26,2.45) 2.48 (1.01,6.81) 1.19 (0.35,5.02) 0.71 (0.51,2.57) 0.070 

Protein Level      

IL-8 ng/mL 

Number of samples 

5.0 (2.9,11.1) 

30 

17.2 (4.8,59.3) #§

18 

7.1 (2.7,16.9) 

35 

3.5 (1.8,6.0) 

24 

0.002 
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NE ng/mL 

Number of samples 

414.6 (240,1086) 

28 

2995 (529,9188)†#§

16 

521.7 (189,845) 

29 

493 (110,678) 

13 

0.001 

* P value for 4 group comparison, †p<0.008 vs. paucigranulocytic asthma #p <0.008 vs. eosinophilic 

asthma, § p<0.008 vs. healthy controls.  

 

Associations of inflammasome components in patients with asthma 

Using stepwise multiple linear regression the gene expression of NOD2, number of neutrophils and 

protein level of IL-8 were significant predictors of sputum NLRP3 gene expression in asthma after 

correction for age and sex (Table 3). The model included 69 data points and explained more than 50% 

of the variation of NLRP3 gene expression, with P<0.0001.  

 

Table 3: Multivariate linear regression outcomes with dependent variable sputum NALP3 gene 

expression 

Variable Coefficient SE P 95% Confidence Interval 

Age 0.003 0.004 0.436 -0.005 to 0.012 

Sex 0.031 0.102 0.761 -0.173 to 0.234 

NOD2 mRNA 0.147 0.0215 <0.001 0.104 to 0.190 

Neutrophils x 104/mL 2.65e-5 1.32e-5 0.049 9.80e-7 to 5.30e-5 

IL-1 pg/mL 3.28e-6 1.74e-6 0.064 -2.01e-6 to 6.75 e-6 

IL-8 ng/mL -0.007 0.003 0.039 -0.013 to -0.3.5e-4 

Constant -0.222 0.299 0.459 -0.819 to 0.375 

 

Further, stepwise regression modelling showed that sputum gene expression caspase-1, IL-1 and 

protein levels of IL-8 were significant independent predictors of sputum supernatantIL-1 levels in 

patients with asthma. The model included 69 data points and explained 42% of the variance in 
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sputum IL-1 and was highly significant, P<0.0001.  Scatter plots for IL-1 gene expression and IL-8 

protein with IL-1 protein are shown in Figure 5A and B respectively. 

 

Table 4: Multivariate linear regression outcomes with dependent variable sputum supernatant 

IL-1 levels 

Variable Coefficient SE P 95% Confidence Interval 

Age 9.19e-6 0.006 0.988 -0.012 to 0.012 
 

Sex -0.0590 0.150 0.695 -0.358 to 0.240 

TLR2 mRNA 0.016 0.009 0.075 -0.002 to 0.034 

caspase-1 mRNA -0.121 0.049 0.017 -0.220 to -0.023 

IL-1 mRNA 0.018 0.006 0.006 0.005 to 0.030 

IL-8 ng/mL 0.016 0.002 <0.001 0.011 to 0.021 

Constant 0.323 0.452 0.478 -0.851 to 1.228 

 

 

DISCUSSION 

In this study we have shown that patients with neutrophilic asthma have augmented expression of key 

inflammasome components and increased release of IL-1 protein. This is the first study to implicate 

the inflammasome in neutrophilic asthma. Gene expression was significantly elevated for NLRP3, 

caspase-1 and IL-1. In addition gene expression of both caspase-4 and 5 were also significantly 

elevated in participants with neutrophilic asthma. Sputum supernatant IL- protein levels were 

significantly higher in those with neutrophilic asthma compared to other asthma subtypes and the 

mature form of IL-1 was identified in the sputum supernatant of patients with neutrophilic asthma.  

The expression of other innate pattern recognition receptors that promote the synthesis of pro-IL-1 

(signal 1) including NOD2 and TLR2 was also significantly elevated in sputum cells from patients 

with neutrophilic asthma. Protein for NLRP3 and caspase-1 were expressed in sputum macrophages 
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in all asthma subtypes but there was also expression in neutrophils from patients with neutrophilic 

asthma.  

Interest in the NLRP inflammasomes have increased over recent years, but little is understood about 

the role of inflammasome activation in the airways of patients with asthma and in particular those 

with neutrophilic asthma have not been reported previously. Our understanding of the role of 

inflammasome activation in human asthma is limited by the small number of studies using clinical 

samples. A recent study has shown NLPR3 inflammasome mediated PM10 induced neutrophilic 

airway inflammation [15], demonstrating non-microbial triggers can influence the accumulation of 

neutrophils in the airway. Infections such as Chlamydophilia pneumoniae and RSV (which also result 

in neutrophilic bronchitis) induce NLRP3 inflammasome mediated IL-1 release [23, 24]. A recent 

small study of patients with mild asthma (n=7) who had normal lung function showed reduced gene 

expression from healthy volunteers for ASC, capsase-1 and IL-1[25].  A possible reason for this 

may be due to small numbers studied and the presence of very mild disease. Our patients had 

moderate to severe disease (mean FEV1% predicted 71.5%) and neutrophil and eosinophil numbers 

were up to 10 times higher than those reported by Brickey et al, suggesting a more intense and active 

inflammatory process is occurring. 

In addition to caspase-1, we also observed that gene expression for caspase-4 and 5 were significantly 

elevated in neutrophilic asthma but not the other asthma sub-types. In mice, caspase-11 (orthologous 

to human caspase-4 and -5) has been shown to contribute to NLRP3/caspase-1 induced IL-1 

secretion [14], while in humans, caspase-4 has been evidenced to associate with the NLRP1and 

NLRP3 inflammasomes to activate pro-caspase-1 and pro-IL-1 [12, 26]. These data along with our 

increased gene expression for caspase-4 and caspsase-5 in neutrophilic asthma suggest an important 

role for these caspases in airway disease.  

Inflammasome formation can be triggered by various microbial and host derived factors including 

uric acid crystals, silica and reactive oxygen species. The trigger/s which result in NLRP3 
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inflammasome formation in asthma remain elusive, however we have previously reported increased 

bacterial colonization in neutrophilic asthma as well as increased levels of 8-isoprostane a marker of 

oxidative stress associated with sputum neutrophils and bacterial colonization suggesting both 

reactive oxygen species and resident airway pathogenic bacteria are potential triggers for the 

formation of the inflammasome and subsequent IL-1 production[5, 27] 

IL-1 is a potent inflammatory cytokine implicated in a number of chronic inflammatory diseases 

including asthma and COPD and we have recently reported overexpression of genes from the IL-1 

pathway in the neutrophilic subtype of asthma [6]. Extending this we found both supernatant levels 

and mRNA expression of IL-1 were significantly elevated in those with neutrophilic asthma 

compared to other asthma subtypes and healthy controls, suggesting a key role for IL-1 in the 

neutrophilic asthma. Sputum IL-1 levels were independently associated with the neutrophil 

chemoattractant IL-8 after correcting for age, gender and neutrophil number. Our results support the 

recent findings which show increased IL-1 in asthma, especially in severe asthma [28] and in 

particular neutrophilic severe asthma [29] and provide evidence of the involvement of the NLRP3 

inflammasome. 

The gene expression of NOD2 and TLR2 were also significantly elevated in sputum cells from 

patients with neutrophilic asthma and the colocalisation of immunoreactive NLRP3 and caspase-1 in 

sputum cells (‘Signal 2’), together with the elevated sputum IL-1 levels supports the notion that the 

NLRP3 inflammasome is activated in neutrophilic asthma. The activation of TLR2 or NOD2 and 

subsequent NLRP3 activation is not dissimilar to the “multiple hits” hypothesis initially proposed by 

Pavord et al., in severe refractory asthma [30] where multiple points of stimulation can occur to the 

immune system resulting in more severe airways disease. 

We studied the sputum cell expression of NLRP3 and caspase-1 using immunocytochemistry and 

show that airway macrophages from patients with asthma irrespective of inflammatory subtype 

stained positive for both proteins. Interestingly, neutrophils from the patient with neutrophilic asthma 
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(but not other phenotypes) also stained strongly for both NLRP3 and caspase-1.  This suggests that 

the differences between asthma phenotypes in inflammasome activation may be driven by the 

contribution of both neutrophil and macrophage inflammasome expression. The importance of the 

neutrophil NLRP3 inflammasome has been recently shown by Mankan et al, where they show a 

functional NLRP3 inflammasome in neutrophils [16], while others have shown that genetic variations 

in NLRP3 result in delayed apoptosis of neutrophils which influences the resolution of inflammation 

[31]. Further work is required to elucidate the specific contribution of the neutrophil inflammasome 

to asthma.  

The cross-sectional nature of the study is a limitation in allowing the cause and/or effect to be 

determined and further research is necessary to establish this. The majority of participants in this 

study with asthma were taking high doses of inhaled corticosteroids, and it is therefore not possible to 

examine the influence that inhaled corticosteroids may be having in the expression of innate immune 

genes in asthma. However despite the frequent use of inhaled corticosteroids in all subtypes of asthma 

we still observed significant differences in NLRP3 receptor expression between asthma phenotypes. 

We have investigated the expression of the NLRP3 inflammasome and IL-1 using the non-invasive method of 

sputum induction; however the results of this study may not represent those in the airway tissue and this is an 

area for further study.  

In conclusion, we have shown the presence of increased gene expression for the NLRP3 

inflammasome in mixed sputum cells from patients with neutrophilic asthma and further 

demonstrated the presence of NLRP3 and caspase-1 protein in both sputum macrophages and 

neutrophils in neutrophilic asthma.  Upregulation of NLRP3 inflammasome occurs in asthma and in 

particular in the neutrophilic phenotype where there is evidence of 2 or more innate signals including 

NLRP3, TLR2 and NOD2. Sputum IL-1 protein levels sputum IL-8 levels suggesting a relationship 

with neutrophil recruitment and activation.  
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Figure Legends 

Figure 1: A) NLRP3, B) ASC, C) NLRP3:ASC ratio, D)Caspase-1, E) Caspase-4, F) Caspase-5 

gene expression for healthy controls, eosinophilic asthma, neutrophilic asthma and 

paucigranulocytic asthma. Bars represent median and error bar show the 3rd quartile. 
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Figure 2: A) Sputum IL-1 gene expression B) Sputum IL-1 protein levels for healthy controls, 

eosinophilic asthma, neutrophilic asthma and paucigranulocytic asthma. Bars represent median and 

error bar show the 3rd quartile. C) Representative western blot image showing 17kDa mature IL-1 

observed in neutrophilic asthma (NA), M – Molecular weight marker, EA – eosinophilic asthma, 

PGA – paucigranulocytic asthma. 
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Figure 3: Sputum immunocytochemistry images. A) Sputum neutrophils from a patient with 

neutrophilic asthma B) Sputum macrophage from a patient with neutrophilic asthma C) Sputum 

macrophages and neutrophils from a patient with eosinophilic asthma and D) Sputum macrophage 

and neutrophil from a patient with paucigranulocytic asthma. E) Secondary control image.  Green 

represents caspase-1, Red NLRP3, magenta neutrophil elastase and blue is nuclear DAPI. 
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Figure 4: Gene expression of A) IL1 and B) NLRP3 is increased in isolated sputum macrophages 

in neutrophilic asthma compared to paucigranulocytic asthma 
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Figure 5: Scatter plots of independent predictors of sputum IL-1 protein levels A) IL-1 mRNA B) 

IL-8 ng/mL. Patients with neutrophilic asthma are shown as open circles and those with 

eosinophilic or paucigranulocytic asthma are shown as closed circles. 

 

 


