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Capsule Summary
Deficits in inflammasomes, a key element of innate immunity, confer increased susceptibility to
infection. We report that sputum cells from asthmatics have decreased expression of
inflammasome factors, consistent with reports of increased infection risk in asthmatics.

Keywords
Innate Immunity; Asthma; Atopy; Inflammasome; IL-1β

To the Editor
There are numerous reports supporting the hypothesis that decreased exposure to microbes
as well as genetic factors that attenuate innate immune responsiveness increase risk for
developing asthma and atopy. A growing body of evidence also suggests that adverse health
outcomes due to bacterial infection or microbial colonization in the airways may be
increasing in asthmatics and other atopic persons. Numerous investigators have shown that
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asthmatics have increased risk of invasive pneumococcal disease (1;2). Additionally, persons
with poorly controlled asthma have increased bacterial colonization of the airway, indicated
by either increased airway endotoxin levels(3) or elevated 16S rRNA load in bronchial
samples(4). Asthmatics also have increased lower respiratory symptoms, greater impairment
of lung function and bronchial hyperreactivity, diminished circulating CD8+ lymphocytes,
and deficient IFN-γ and IL-10 responses following experimental rhinoviral infection,
consistent with other studies which suggest that the severity of viral infection is increased,
and that viral mechanisms to evade immune response have evolved(5). Taken together, these
observations suggest that increased disease severity in asthmatics may be associated with
diminished innate immunity and increased susceptibility to viral or bacterial airway
infection.

Inflammasomes are newly appreciated innate immune regulatory complexes which process
IL-1β and Il-18 when activated by a number of pathogen, environmental or host-derived
danger signals. We have made seminal observations demonstrating the important role of
inflammasomes in mediating host defense against influenza and bacterial pathogens, as well
as modulating responses to alum and contact dermatitis(6). The mounting evidence that
persons with asthma may have impaired innate immune responses propelled us to
hypothesize that inflammasome function may be reduced in asthmatics compared to healthy
non-atopic normal volunteers.

To test this hypothesis, we examined sputum samples in our sample repository from normal
volunteers (NV), asthmatics (Asth, 5 with atopy), and volunteers with allergic rhinitis (AR,
all with positive skin tests) recruited using protocols approved by the UNC IRB as
previously described(7) to assess IL-1β and inflammasome-regulated mechanisms that alter
immune responsiveness. All volunteers had normal lung function, with allergy status
confirmed by history and allergen skin tests, and asthma status confirmed by clinical history
and methacholine challenge (Table I). Sputum cell pellets contained predominantly
macrophages (Mac) and neutrophils (PMN) with less than 10% squamous epithelial cells
(Table I). While cell counts were not significantly different between the groups, trends of
double PMNs in Asth compared to the other two groups and double macrophage in AR
compared to NV were evident. The sputum supernatants from asthmatic (Asth) and normal
volunteers (NV) were assessed for protein levels of IL-1α, IL-1β, IL-6 and TNFα by
multiplex immunoassay (RayBiotech). Asthmatics showed decreased levels of IL-1α and
IL-1β, while no significant differences in IL-6 or TNFα were observed between these groups
(Figure 1A).

Messenger RNA from sputum cell pellets was assayed for gene expression of
inflammasome-associated genes (ASC, CARD8, CASP1, NLRP1, NLRP3, and NLRC4); non-
inflammasome Nucleotide-Binding Leucine-Rich Repeat factors (NLRP12, NOD1, NOD2,
BIRC2); cytokines IL-1β, IL-18, IL-6 and TNFα; and HLA molecules. To assess gene
expression, two-color cDNA microarray hybridization was performed on labeled sputum
RNA probes (EpiCentre) with signal intensity ratios normalized to housekeeping genes (β-
actin and 60S ribosomal RNA). Secondly, total sputum cell RNA was transcribed to cDNA
using MMLV RT and amplified by quantitative PCR using gene-specific probes sets
(Applied Biosystems) to assess gene expression relative to housekeeping gene β-actin.

Gene expression for the MHC molecules HLA-DPA1, HLA-A and HLA-C, and the
inflammasome molecules ASC, CARD8 and NLRC4 were significantly decreased in Asth
and AR compared to NV, with CASP1 trending toward reduced levels in Asth compared to
NV (Figure 1B). Additionally, NOD2 and BIRC2 expression was lower in Asth compared to
NV, while expression of NLRP1, NLRP3, NLRP12, and NOD1 did not vary significantly
between groups. Lowered gene expression for IL-1β, IL-18 and TNFα was evident in Asth
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and AR. In comparison, real-time PCR results showed significantly diminished expression
of ASC, CARD8, NLRC4, CASP1 and TNFα in Asth and AR versus NV, with trends of
lowered IL-1β, HLA-DPA1 and HLA-C expression (Figure 1C). While the results between
microarray and PCR analyses mostly align, there are discrepancies that might be attributed
to technical issues such as dissimilar oligonucleotide targets between microarray and PCR
methods used for transcript detection and/or disparate efficiencies in measuring low
abundant or degraded transcripts. Gene-specific PCR amplification may provide a more
accurate representation of sputum cell expression due to sensitive detection.

Our results are consistent with the hypothesis that relative to NV, Asth and AR volunteers
display reduced innate immune capability. Specifically, we found diminished airway cell
expression of inflammasome components ASC, CARD8, and NLRC4 as well as IL-1β, the
key mediator released following inflammasome activation, in both Asth and AR groups.
However, we were unable to determine gene expression of specific cell types in sputum, or
which cell type might account for decreased gene expression in Asth and AR groups.
Eosinophils, which are more typical in sputum atopic persons, have less expression of
inflammasome genes than dendritic cells, neutrophils or macrophages (8). Also, we were
unable to differentiate M1 from M2 macrophages in this study. Macrophages can be
polarized to the M2 phenotype by the TH2 cytokines IL-4 and IL-13, and have decreased
inflammasome activity with decreased IL-1β secretion compared to M1 (9). Since
macrophages were the most abundant cell in sputum from each group, and M2 macrophages
are more likely to be present in atopic persons, we hypothesize that M2 macrophages in the
airways of Asth and AR volunteers may account for the observed diminished sputum cell
inflammasome gene expression. Finally, it is not known if upon appropriate stimulation,
inflammasome expression would increase in cells from asthmatic and atopic patients.

In summary, our pilot data support the hypothesis that development of asthma and atopic
diseases is associated with decreased inflammasome function. Future studies will focus on
determining inflammasome gene expression and function in isolated sputum macrophages
and granulocytes from asthmatics and atopic persons, and the relationship between TH2
cytokines, the expression and function of inflammasome complexes, and asthma disease
severity.
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Abbreviations

FEV1 Forced Expiratory Volume in One Second

PD20 provocative dose causing 20% reduction in airflow

Asth asthmatic

AR allergic rhinitic

NV normal volunteer

PMN neutrophil

Mac macrophage

Lym lymphocyte

Eos eosinophil

BEC basal endothelial cell
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Figure 1.
Assessment of innate immune factors in sputum airway cells. (A) Sputum supernatant
protein for NV and Asth subjects are analyzed by multiplex ELISA with mean levels
indicated by bar. Gene expression is assessed by oligonucleotide microarray hybridization
(B) and PCR analyses (C). Mean normalized microarray signal intensity ratio of
experimental to universal reference RNA ± SEM in NV, Asth and AR are plotted (n=8–10/
group). Mean PCR-amplified transcripts relative to ACTB ± SEM are plotted (n=5/group).
Statistical tests include (A) Unpaired t test and (B, C) One-way Analysis of Variance for
three groups (with overall p values depicted over the line) with Dunnett’s Multiple
Comparison Test to NV (stars) with p values indicated (*p<0.05, **p<0.01, ***p<0.001).
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