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Inflammasome gene expression alterations in 
Staphylococcus aureus biofilm-associated chronic 
rhinosinusitis* 

Summary
Background: The role of in!ammasomes in chronic in!ammation has been the subject of intense research in recent years. Chro-
nic rhinosinusitis (CRS), a persistent in!ammatory disease, continues to be investigated hoping that a clearer pathophysiologic 
description will guide discovery of future treatment modalities. This study investigates the role of in!ammasome complexes in 
CRS patients with Staphylococcus aureus bio"lm infection, a key culprit associated with disease severity and recalcitrance.

Methodology: Sinonasal tissue samples were collected from CRS patients with (P+) and without (P-) polyps and controls. S. 
aureus bio"lm status was obtained using !uorescence in situ hybridization and classi"ed as bio"lm positive (B+) or negative 
(B-). RNA was analysed using a Human In!ammasome PCR array, pro"ling the expression of 84 genes involved in in!ammasome 
function.  

Results: Sixteen samples were obtained: 5 B+P+, 5 B-P- and 6 controls. Comparing B+P+ vs. controls showed the greatest number 
of di#erentially expressed genes. In particular, Absent in Melanoma 2 (AIM2) was consistently and signi"cantly up-regulated in the 
B+P+ vs. B-P- and controls. In contrast, when comparing the B-P- vs. controls, no genes showed signi"cant changes.

Conclusion: Our results indicate the involvement of in!ammasome complexes and their signalling pathways in CRS patients with 
polyps and S. aureus bio"lms. In particular, AIM2, activated by intracellular double-stranded DNA, is up-regulated in this group, 
implying that S. aureus may play a role in intracellular triggering of the in!ammasome response. Studies with further patient strati-
"cation and assessing corresponding protein expression are needed to further characterize the role of in!ammasomes in CRS.
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Introduction
Chronic rhinosinusitis (CRS) is an in!ammatory disease of the 
sinonasal cavity characterized by a complex interplay of the 
host, environment and microbe. To date, there is still no clear 

understanding of its pathophysiology. This may indirectly 
account for a myriad of treatment strategies which, although 
initially e#ective in controlling symptoms, do not completely 
eradicate the disease. As a result, symptom recurrence often 
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occurs despite maximum medical and surgical therapy, causing 
a signi"cant burden to both patient and society (1). Further de"-
ning the relationship of the factors involved in CRS is essential, 
in the hope that this understanding of the underlying molecular 
basis of the disease will lead to developing more targeted and 
successful treatment modalities. 
   
The host response to external factors such as microbes and 
allergens in CRS patients is one component that needs further 
investigation. Furthermore, in a subset of patients with greater 
disease severity and higher risk of recalcitrant infection, Staphy-
lococcus aureus (S. aureus) has been identi"ed as a key player (2,3). 
Its role in initiating or sustaining an in!ammatory response in 
CRS requires further characterization. 

Several types of innate immune receptors, expressed on mu-
cosal surfaces and hematopoietic cells, sense the presence of 
microbial products through receptors for pathogen-associated 
molecular patterns (PAMPs), resulting in the regulated produc-
tion of bactericidal products and pro-in!ammatory factors. 
These innate pattern-recognition receptors (PRRs) include Toll-
like receptors (TLRs) and C-type lectin receptors, which scan the 
extracellular milieu and endosomal compartments for PAMPs. 
Within the cytosolic compartment, nucleic-acid sensing PRRs 
such as the RNA-sensing RIG-like helicases (RLHs), the DNA sen-
sors, Z-DNA-binding protein (ZBP1) and Absent in Melanoma 2 
(AIM2), and the Nucleotide Oligomerization Domain-like (NOD-
like) receptors (NLRs), cooperate to provide cytosolic surveil-
lance and can recognize PAMPs, as well as host-derived danger 
signals (danger-associated molecular patterns, DAMPs) (4). 
In!ammasomes are a group of cytoplasmic protein complexes 
containing a cytosolic PRR that react to infection and host tissue 
injury by activation of Caspase-1. This induces the maturation 
and secretion of the pro-in!ammatory cytokines IL-1β and IL-18 
(4), and lead to cellular pyroptosis (5). Pyroptosis involves the rapid 
rupture of cell membranes and spilling of pro-in!ammatory in-
tracellular contents. Uniquely dependent on Caspase-1 activity, 
this type of cell death promotes in!ammation (6) and is found to 
occur more frequently in infection with intracellular pathogens 
(7-9). Thus in!ammasomes have been found to play a critical role 
in the control of microbial infection (10).

In!ammasomes have been the subject of intense interest in 
the last few years. Recently found to play a signi"cant role in a 
variety of auto-in!ammatory diseases such as gout and Type 2 
Diabetes (4) they have also been implicated in airway in!amma-
tion (11) and autoimmune disorders (12), whose chronic in!amma-
tory nature share many similarities to CRS. 

S. aureus in the planktonic and/or bio"lm form plays a central 
role in the pathophysiology of CRS (13). Its isolation at the time of 

surgery repeatedly predicts an increased risk of infection recur-
rence and poorer post-operative outcomes (14). Studies have re-
cently shown an association of bacterial bio"lms with high TLR2 
and Nuclear factor kappa beta (NF-κβ) expression in sinonasal 
tissue samples of CRS patients (15), indicating a role of bio"lms in 
the innate immune response. The speci"c e#ects however, of 
S. aureus bio"lms on the host innate immune response and 
in!ammasome activation in the setting of CRS are still unclear. 
This study therefore aims to determine if S. aureus bio"lm pres-
ence plays a role in the alternation of gene expression involved 
in the in!ammasome pathway in the setting of CRS. 

Materials and methods
Patient tissue collection and classi!cation 
This study was approved by The Queen Elizabeth Hospital Hu-
man Ethics Committee and consent obtained from patients prior 
to surgery (Ethics number 2011057). Patients were diagnosed 
with CRS based on criteria outlined by the Chronic Rhinosinusi-
tis Task Force in 2003 (16). Tissue samples were collected and ca-
tegorized equally to 3 groups based on intra-operative "ndings: 
CRS with nasal polyps (CRSwNP, n = 5), CRS without nasal polyps 
(CRSsNP, n = 5) and the control (no CRS) group (n = 6). CRSwNP 
patients must "t the criteria of having polyps visible in the mid-
dle meatus to be included in the study. Patient data such as age, 
past medical history, smoking history, asthma, allergies and ope-
ration type were recorded. Pre-operative symptom scores based 
on severity of symptoms such as nasal obstruction, postnasal 
drip, anterior rhinorrhea, anosmia, and facial pain/headache on 
a scale of 1-5, with 5 having the highest severity were recorded. 
Intra-operative "ndings such as the presence of pus, mucus and 
polyps were noted. Exclusion criteria were patients who were 
fungus positive based on culture or microscopy, as well as those 
on oral steroids or antibiotics within 2 weeks from the time of 
surgery. Tissue samples of CRSwNP patients were taken from 
diseased ethmoidal polypoid tissue, not focusing speci"cally on 
nasal polyps, while CRSsNP tissue samples were also taken from 
grossly in!amed diseased ethmoidal tissue.

Control tissue samples were obtained from non-diseased 
ethmoidal tissue of patients undergoing endoscopic sinus 
surgery (ESS) for a pituitary adenoma. Control patient CT-scans, 
casenotes and intra-operative reports were also reviewed prior 
to inclusion to ensure the absence of incidental sinus disease 
such as pus, mucus and polyps.

Human sinonasal tissue sample collection
Samples were collected at time of surgery and placed in Dul-
becco’s Modi"ed Eagle media (Gibco, Invitrogen Life Technolo-
gies, VIC Australia) for transport.  An 8mm x 8mm tissue section 
was frozen and stored in -80oC for subsequent bio"lm analysis. 
Remaining tissue was stored in RNAlater (Ambion Life Techno-
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logies, Grand Island, NY, USA) for subsequent RNA extraction in 
preparation for the quantitative real time (qRT)-PCR array. 

S. aureus bio!lm detection by "uorescence in situ hybridi-
zation  
Fluorescence in-situ hybridization (FISH) was performed on 
mucosa that had been stored at -80oC. Defrosted samples were 
washed in MilliQ water prior to hybridization to remove any 
planktonic organisms. A S. aureus speci"c sequence conjugated 
to Alexa-488 probe was utilized (AdvanDx, Woburn, MA, USA). 
The manufacturer’s protocol was followed. Brie!y, samples were 
"xed to glass slides, dehydrated in 90 % ethanol, air dried, and 
hybridized at 55oC for 90 minutes. Samples were scanned at 20x 
and 40x magni"cation using the Leica TCS SP5 Confocal Scan-
ning Laser Microscope (Leica Microsystems, Wetzlar, Germany). 
An excitation wavelength of 488nm with emission range of 495 
– 540nm was used to detect S. aureus. The entire sample was 
systematically scanned for bio"lm elements. Axial Z stacks (0.5 
μM) were recorded of representative areas to construct a three 
dimensional virtual image of the tissue, overlying mucus and 
bio"lm.

RNA extraction method
One hundred mg wet weight of tissue was removed from RNA-
later and homogenised using a TissueRuptor (QIAGEN Pty Ltd, 
VIC Australia) followed by extraction of RNA using the RNeasy 
Lipid tissue Mini Kit according to the manufacturer’s instructions 
(QIAGEN). An on-column DNAse treatment was performed using 
an RNase-Free DNase Set (QIAGEN).

RNA quality / quantity
RNA integrity was checked using an Experion RNA StdSens Kit 
on the Experion Electrophoresis station (BioRad Laboratories 
Inc, NSW Australia). RNA samples with undegraded 18S and 28S 
ribosomal subunit signals were used for subsequent analysis. 
RNA concentration was quanti"ed using a NanoDrop 1000 Spec-
trophotometer (Thermo Scienti"c, Wilmington DE).

Reverse transcription
One thousand ng of RNA was reverse transcribed into comple-
mentary DNA (cDNA) using the RT2 First Strand Kit (SABioscien-
ces QIAGEN Pty Ltd, VIC Australia). The incubation steps for the 
reaction were performed on a MyCycler Thermal Cycler (BioRad).

Real time quantitative PCR array
The cDNA sample was then combined with RT2 SYBR Green / 
Fluorescein qPCR Master Mix with Nuclease-free Sterile H2O 
(QIAGEN) and then added across an entire RT2 Pro"ler™ PCR 
Human In!ammasome Array (PAHS097, SABiosciences) 96 well 
plate. This consisted of a panel of 84 wells that corresponded 
to 84 di#erent genes of the in!ammasome pathway, 5 house 

keeping control wells, 1 genomic DNA control well, 3 reverse 
transcription control wells and three positive PCR control wells.  
The cDNA from each patient was ampli"ed using an iCycler with 
iQ5 Software (BioRad).

Statistical analysis
Data was analysed to compare patient groups with each other 
using the supplied SA Biosciences RT² Pro"ler PCR Array Data 
Analysis Template v3.3 (SABiosciences). This program automati-
cally computes the normalized gene expression in the test sam-
ples divided by the normalized gene expression in the control 
samples and also computes the corresponding p-values for each 
gene using the student’s T-test in test and control samples.

Results
Patient demographics 
Sixteen patient tissue samples were collected 5 CRSwNP S. au-
reus bio"lm positive patient samples (B+P+), 5 CRSsNP S. aureus 
bio"lm negative samples (B-P-), and 6 control samples. Figure 1 
shows representative examples of FISH S. aureus bio"lm status.  
There were 9 females and 7 males with an average age of 48.25 
years (28 - 72 years). All control tissue samples were tested for S. 
aureus bio"lm using FISH, all of which were negative.

Figure 1. Confocal scanning laser microscopy image of S. aureus biofilms 

on the sinonasal mucosa of a B+P+ patient. Note the bright green fluo-

rescence of biofilms using a species-specific FISH probe. B+P+: Biofilm 

positive polyp positive. FISH: fluorescence in-situ hybridization.
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Table 1. Summary of patient demographics and clinical findings in the 3 groups.

ding a signi"cant, more than 2-fold up- or down-regulation.

When comparing the B+P+ vs the B-P- groups, the B+P+ group 
showed a signi"cant up-fold regulation of AIM2 (p-value 0.02, 
+2.57) as well as CCL2, RANKL, PSTPIP1 (proline-serine- threo-
nine phosphatase interacting protein 1) and PYCARD (PYD CARD 
Domain containing). There was a signi"cant down-fold regula-
tion of only 1 gene, PANX1 (p-value 0.03, -2.23). Table 3 summa-
rizes the gene changes when comparing these groups.

When looking at the asthmatic B+P+ patients vs. the controls, 
the number of genes signi"cantly up-regulated dropped to 3: 
AIM2, CCL2 and TNFSF11 (Tumor necrosis factor member 11, 
p-value 0.0001, +4.98). Grouping all patients with asthma regar-
dless of bio"lm and polyp status showed no genes signi"cantly 
altered when compared to controls. This included 1 B-P- and 3 
B+P+ patients.

Only 4 genes were found to be consistently and signi"cantly 
altered when comparing patient groups based on bio"lm and 
polyp status: AIM2, CCL2 and RANKL, which were signi"cantly 
up-regulated, and PANX1, which was signi"cantly down-regula-
ted in the B+P+ group when compared to B-P- and controls.

Discussion
The results of our study show that an involvement of the in!am-
masome signalling pathway, with an up-regulation of AIM2, 
CCL2 and IL1β, exists in CRS in the presence of nasal polyps 
and S. aureus bio"lms, indicating an increased in!ammatory 
potential in this subset of patients. The up-regulation of AIM2 
in particular, has potential implications in the pathophysiologic 
process of S. aureus-associated infection in CRS. AIM2, recently 
identi"ed as a member of the in!ammasome family, was found 

Patient Group Average Age 
(years) M:F ratio Revision Surgery? Immunocap 

Allergy test Culture swab results

Control 54.5 1:5 All No Not done N/A

B + P + 50.8 3:2 All Yes 4 positive
1 negative

- 4 S. aureus
- 1 S. pneumoniae 

B - P - 38.2 3:2 All No All negative

- 2 not sent
- 1 S. aureus & 
S. pneumoniae

- 1 H. in!uenzae
- 1 P. mirabilis

B+ P+: Biofilm positive polyp positive; B- P-: Biofilm negative polyp negative; M:F: Male:Female; S. aureus: Staphylococcus aureus; S. pneumoniae: 

Streptococcus pneumoniae; H. influenzae: Haemophilus influenzae; P. mirabilis: Proteus mirabilis.

Clinical data
Symptom scores were higher in the B+P+ group with an average 
of 19.6 ± 1.3 out of a total of 25, while the B-P- group had an 
average symptom score of 15 ±3.6. Anosmia was the most 
severe symptom in the B+P+ group with an average subjective 
score of 4.4 out of 5, while nasal obstruction was the worst 
symptom in the B-P- group with an average of 3.6. All B+P+ 
patients had a history of previous sinus surgery and had more 
extensive operations compared to the B-P- group. Four out of 5 
of the B+P+ patients had allergies to at least one environmental 
allergen. The B-P- group were all RAST negative and were all 
undergoing their "rst sinus surgery. 

In the B-P- group, only 1 patient had asthma and none had 
Aspirin sensitivity. Three out of 5 patients in the B+P+ group had 
asthma, one of which also had Aspirin sensitivity (Samter’s triad).  
None of the control patients were asthmatics nor had Aspirin 
sensitivity (Table 1). 

Expression of AIM2 in"ammasome complex and associated 
pathway proteins
In the B+P+ patient group, there was a signi"cant fold increase 
in the mRNA expression of AIM2 (p-value 0.004, +3.17), CASP5 
(Caspase-5), CCL2 (Chemokine Ligand 2), IFN-γ (Interferon-γ), 
IL-1β (Interleukin 1β) and RANKL (Receptor activator of nuclear 
factor kappa-β ligand) compared to the control group. There 
were corresponding signi"cant fold reductions in XIAP (X-linked 
inhibitor of apoptosis protein), HSP90AA1 (Heat shock Protein 
90 KDa α) and PANX1 (Pannexin 1) mRNA. Table 2 summarizes 
these signi"cant gene changes.

By contrast, di#erences in mRNA expression between the B-P- 
patient category when compared to non-diseased control sino-
nasal mucosa were unremarkable with none of the genes recor-
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Table 2. Expression of inflammasome related genes in sinonasal tissue harvested from B+P+ patients compared with non-diseased control mucosa 

and their biological functions. 

Gene Gene Name Biological function Fold change p value

AIM2 Absent in Melanoma 2 The C-terminal HIN domain of AIM2 binds double stranded viral, bacte-
rial, or host DNA and acts as a cytosolic double stranded DNA sensor +3.17 0.005

CASP5 Caspase-5 Part of the NLRP1 in!ammasome complex. It potentiates Caspase-1 
activity and involved in the generation of IL-1`. +9.91 0.049

CCL2 Chemokine Ligand 2

A small cytokine which recruits monocytes, memory T cells, and den-
dritic cells to sites of injury, infection, and in!ammation. It has been 

implicated in the pathogenesis of diseases characterized by monocytic 
in"ltrates, like psoriasis, rheumatoid arthritis and atherosclerosis.

+4.71 0.005

IFN-γ Interferon-γ

Has antiviral, immunoregulatory, and anti-tumor properties. It increases 
lysosome activity in macrophages. Also has the ability to degrade the 

RANK adaptor protein TRAF6 (tumor necrosis factor receptor-associated 
factor 6) in the RANK-RANKL signalling pathway, which otherwise stimu-

lates the production of NF-gB.

+2.22 0.014

IL-1β Interleukin 1β
Pro-in!ammatory cytokine generating local response to tissue injury and 

infection. Promotes leukocyte in"ltration at the site of injury, activates 
lymphocytes.

+2.62 0.04

RANKL
Receptor activator of 

nuclear factor kappa-β 
ligand

Activates anti apoptotic kinase AKT/PKB through a signalling complex 
involving SRC kinase and TRAF6. It may have a role in the regulation of 

cell apoptosis.
+5.26 0.015

XIAP X-linked inhibitor of 
apoptosis protein

Stops apoptosis induced either by viral infection or by Caspase 
overproduction -2.41 0.034

HSP90AA1 Heat shock Protein 90 
KDa α

Cytosolic inducible heat shock protein. Produced in response to 
environmental stress including heat; protects against cellular stress -3.01 0.022

PANX1 Pannexin 1 Recruited when P2X7 is activated. It is required for Caspase-1 activation 
in response to ATP, nigericin and maitotoxin -2.01 0.02

M = Male; F = Female; BMI = Body mass index; IIH = Idiopathic intracranial hypertension.

B+P+ vs. Control B+P+ vs. B-P- B-P- vs. Control

AIM2            K
CASP5         K
CCL2           K
IFN-γ            K
IL1-β            K
RANKL        K
XIAP            K
HSP90AA1 K
PANX1        L

AIM2             K
CCL2            K
RANKL         K
PSTPIP1      K
PYCARD      K
PANX1         L

Nil

B+P+: Biofilm positive polyp positive; B-P-: Biofilm negative polyp nega-

tive. Gene abbreviations as in previous table; PSTPIP1: Proline-serine- 

threonine phosphatase interacting protein. PYCARD: PYD CARD Domain 

containing. K: gene up-regulated; L: gene down-regulated. P value < 

0.05.

Table 2. Summary of genes significantly changed upon comparison of 

the 3 groups. 

to be the elusive detector of cytoplasmic double-stranded DNA 
(dsDNA) originating from bacteria, viruses or from the host itself
(17). Binding of AIM2 to foreign DNA ligand in the cell engages 
and recruits the Apoptosis-associated Speck-like protein with 
a CARD (ASC) through its pyrin domain to activate Caspase-1. 
This induces the maturation of pro-IL-18 and pro-IL-1β and may 
lead to pyroptotic cell death (18) and further in!ammation. This 
identi"es AIM2 as an important sensor of potentially damaging 
intracellular DNA from either microbial or viral infections or 
tissue damage, initiating a pro-in!ammatory innate immune 
response and contributing to the persistent in!ammation that 
characterizes the disease process. 

It is well known that S. aureus bio"lms play an important role in 
eliciting or at least sustaining mucosal in!ammation particularly 
in CRS patients with recalcitrant disease, and that the presence 
of S. aureus bio"lms correlates with intramucosal S. aureus infec-
tion in CRS (19). Therefore, it may be that in!ammasome activati-
on with increased IL-1β and AIM2 expression in the B+P+ groups 
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may be related to the intracellular presence of S. aureus inciting 
a host innate immune response. This may be triggered either by 
direct engagement of the AIM2 protein with S. aureus DNA, or, 
alternatively, by molecules released upon mucosal damage. If 
proven true, this contradicts previous discussions that intramu-
cosal or intracellular bacteria modulate and evade the host im-
mune response in order to serve as a recurrent nidus of infection 
(20,21). Alpha-hemolysin, a major cytotoxic agent produced by S. 
aureus, has already been shown to activate the in!ammasome 
through the NOD-like receptor pyrin domain containing protein 
(NLRP3) (22,23). It is important to note however, that the absence 
of strati"ed groups separating bio"lm and polyp status in this 
study means that the exact contribution of S. aureus bio"lms or 
nasal polyps in the observed gene expression alterations cannot 
be de"nitively made. In a study by Mansson et al. (24), it has been 
demonstrated that expression of in!ammasomes comprising 
NLRP3 and other NLRs such as NOD1 and NOD2 are increased 
in nasal polyps compared to healthy nasal mucosa. This may 
re!ect the presence of in!ammatory in"ltrating cells in nasal 
polyposis. It remains to be seen if AIM2 up-regulation is present 
in CRS polyp patients without S. aureus bio"lms. Further patient 
strati"cation is required to address this issue.  Patients with po-
lyps without bio"lm formation are very rare and consequently 
not enough patients were able to be recruited into this category 
during the study period. This also holds true for the bio"lm 
positive polyp negative group. 

The signi"cant up-regulation of IL-1β in the B+P+ group may 
prove to be an important "nding. IL-1β is a potent pro-in!am-
matory mediator that coordinates in!ammatory cell recruitment 
to sites of infection or tissue injury and is also elevated in a 
variety of other in!ammatory conditions such as rheumatoid 
arthritis (25). The activity of IL-1β is tightly controlled by expres-
sion, maturation and secretion, and further research will be nee-
ded to determine whether the increased IL-1β mRNA expression 
in this subset of patients eventually results in increased IL-1β 
secretion and activity. 

The pro-in!ammatory Caspase-5 (+9.91 fold, p = 0.049), which 
is part of the NLRP1 in!ammasome, was also shown to be up-
regulated in the B+P+ group. Since it’s discovery over 15 years 
ago (26) not much is known about Caspase-5 except that it is part 
of the NLRP1 in!ammasome that potentiates the activity of Ca-
spase-1, by involvement in the generation of IL-1β (27). It can be 
activated by lipopolysaccharide and interferon-γ (28) and is found 
to be signi"cantly overexpressed in psoriatic skin lesions (29).

Up-regulation of molecules involved in downstream signalling 
as shown by CCL2 expression (+4.71 fold, p = 0.005) lends sup-
port that circulating sentinel cells such as monocytes, macro-
phages and antigen-presenting cells are recruited to the site 

of local mucosal in!ammation in the B+P+ group. Speci"cally 
involved in recruiting monocytes and T-helper cells, there is 
substantial evidence that CCL2 has function in the regulation of 
both innate and adaptive immunity. CCL2 has also been found 
to play an important role in certain in!ammatory diseases such 
as atherosclerosis and multiple sclerosis (30), the nature of which 
share many similarities to CRS. 

RANKL (+5.26 fold, p = 0.015) on the other hand, has a role in the 
regulation of dendritic cell function and the activation of T-cells 
(31). Its function in stimulating osteoclast activity and di#erentia-
tion, hence enhancing bone resorption, is associated with an an-
ti-apoptotic function (32). Its up-regulation in the B+P+ patients 
could be interpreted as a host-mediated response in reducing 
sinonasal tissue damage. In this case, this may prove counter 
productive as the host cells now become a pathogen reservoir 
that escapes immune surveillance. As pyroptosis is a bacterial 
stimulated type of programmed host cell death, a highly signi-
"cant increase in RANKL therefore could represent a feedback 
mechanism to modulate the degree of pathogen-induced cell 
death. Alternatively, this can lead to excessive collateral damage 
as a result of intracellular AIM2-driven in!ammasome signalling.

PANX1, showing a fold decrease of -2.28 (p = 0.015) hints at 
receptor-ligand interactions of the NLRP in!ammasome family. 
PANX1 aids in the extracellular release of ATP and binding of 
this ligand to certain surface receptors such as P2X7 is known 
to initiate recruitment of NLRP1 and NLRP3 in!ammasome 
components (33). However, we did not detect any signi"cant fold 
changes in expression levels of the NLRP family members.

Lastly, comparing asthmatic patients with controls showed 
either a drop in the number of in!ammasome genes signi"-
cantly altered or the absence of any gene changes. This does not 
correlate to current "ndings linking the role of in!ammasomes 
in asthma. Recently, asthma has been linked to the NLRP3/ASC 
in!ammasome complex with evidence that this complex plays 
a role in airway in!ammation associated with the disease (34). 
The absence of these "ndings in this study is likely due to small 
patient numbers between comparison groups. The presence 
of only 1 patient with Aspirin sensitivity, for example, means 
that this factor’s independent e#ect on in!ammasome gene 
regulation could not be determined in this study. Separate 
experiments focusing on asthma and Samters triad with greater 
patient numbers are required to determine their e#ects on gene 
expression in CRS patients. 

The current literature on the role of in!ammasomes in CRS is 
sparse with only a few reports characterizing NLR expression in 
the upper airways. Bogefors et al. (35) located NOD1, NOD2 and 
NLRP3 in cultured human sinonasal epithelium and reported 
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