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Summary

CRSsNP is a heterogenous disease but type 2 inflammation in CRSsNP was more common than 

type 1 inflammation among patients in Chicago, Illinois. Distinct therapeutic strategies may be 

needed depending on the type of inflammation found in CRSsNP.
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To the Editor

Although it is accepted that chronic rhinosinusitis with nasal polyps (CRSwNP) is 

characterized by type 2 inflammation with pronounced eosinophilia and the presence of high 

levels of IL-5 and IL-13 in Western countries, the mechanism of inflammation in non-

polypoid CRS (CRSsNP) is poorly understood.1, 2 Initial studies by Van Zele et al. in 

Belgium, suggested that CRSsNP is characterized by type 1 inflammation on the basis of 

elevation of IFN-γ.3 While several papers from the same group have confirmed these 

findings,4 other groups, including our own, have been unable to find elevation of IFN-γ in 
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CRSsNP.5, 6 We therefore examined potential differences in experimental design between 

these studies. Studies that found type 1 inflammation in CRSsNP compared inferior 

turbinate (IT) tissue from controls, ethmoid tissue (ET) from CRSsNP and nasal polyp (NP) 

tissue from CRSwNP.3, 4, 7 In contrast, those that did not find type 1 inflammation compared 

uncinate tissue (UT) from controls, CRSsNP and CRSwNP, and NPs.5, 6 It was thus unclear 

whether reported IFN-γ elevations were due to differences in sampled anatomy or countries.

To clarify patterns of inflammatory cytokines in CRSsNP in our study population, we 

collected IT, UT, and ET from control patients and patients with CRSsNP and CRSwNP (see 

Fig. E1 and Table E1 and E2), and determined the presence of IFN-γ by real-time RT-PCR. 

Detailed methods are given in the Online Repository. We found that IFN-γ was not 

significantly elevated in CRSsNP when compared to controls or CRSwNP within the same 

tissue type (Fig. 1A). We also compared CRSsNP ET to control IT or CRSwNP NP as 

previously reported.3, 4 However, IFN-γ was not elevated in ET from CRSsNP (Fig. 1B). We 

also analyzed a marker of eosinophilia, Charcot-Leyden crystal galectin (CLC, also known 

as eosinophil lysophospholipase), type 2 cytokines, IL-5 and IL-13, and the type 3 cytokine 

IL-17A. Since we found significant differences in the levels of CLC and IL-17A between 

control and CRSsNP in ET and not in IT or UT (Fig. 1 and E2), we focused our further 

analysis on ET. We represent further analysis using dot plots to better illustrate the 

inflammatory patterns in individual specimens.

On further analysis, CLC, IL-5 and IL-13 were expectedly significantly higher in CRSwNP 

ET compared to control ET (Fig. 1C). However, the levels of CLC, IL-5 and IL-17A were 

also significantly elevated in CRSsNP ET compared to control ET (Fig. 1C). CLC 

expression positively correlated with IL-5 (r=0.3652, P=0.0037) and IL-13 (r=0.7262, 

P<0.0001), but not with IL-17A or IFN-γ in the CRSsNP ET (n=61, not shown).

We next established thresholds for defining each inflammatory subtype using the 95th 

percentile of expression in control ETs.8 Using these thresholds, 23%, 36% and 15% of 

CRSsNP ET showed type 1, 2 and 3 inflammation, based on the expression of IFN-γ, CLC 

and IL-17A, respectively (Fig. 1C). In contrast, CRSwNP ET and NP had higher frequencies 

of type 2 inflammation (65% and 77%) but lower frequencies of type 1 (10% and 15%) or 3 

(8% and 6%) inflammation (Fig. 1C). Interestingly, minor subsets of CRSsNP donors had 

mixed inflammation: 8% showed type 1 and 2 mixed inflammation, 7% showed type 1 and 3 

mixed inflammation, and a single donor showed all three types in ETs (Fig. E3). Also 

noteworthy was that 43% of CRSsNP donors did not have elevated type 1, 2 or 3 

inflammation in ETs (Fig. E3). We initially hypothesized that the type of inflammation in 

CRSsNP might be correlated with clinical comorbidities like atopy or asthma. However, we 

found no significant differences in the levels of inflammation markers between atopic and 

non-atopic patients or between asthmatic and non-asthmatic patients in CRSsNP (not 

shown).

We further confirmed our findings at the protein level. We generated protein tissue extracts 

from ETs and NPs and measured eosinophil cationic protein (ECP) and cytokine levels by 

ELISA and Luminex respectively (Table E2). Similar to our RT-PCR results, IFN-γ protein 

was not elevated but markers of type 2 (ECP, IL-5 and IL-13) and 3 (IL-17A) inflammation 
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were significantly elevated in CRSsNP ET compared to control ET (Fig. 2). Using the 95th 

percentile of protein expression in control ETs to define inflammatory subtypes, we found 

that 5%, 46% and 16% of CRSsNP ET showed type 1, 2 and 3 inflammation, based on the 

expression of IFN-γ, ECP and IL-17A, respectively (Fig. 2). Although the frequency of type 

2 and 3 inflammation was similar to that established using mRNA expression, the frequency 

of type 1 inflammation was lower when using protein measures (Fig. 2). One possible 

explanation is the decreased sensitivity of the IFN-γ protein detection system compared to 

real-time RT-PCR. We therefore further analyzed the data classifying only by type 2 and 3 

inflammation in CRSsNP ET. We found that 37% showed type 2, 7% showed type 3, 8% 

showed mixed type 2 and 3 inflammation, and 47% of CRSsNP donors showed neither type 

2 nor 3 inflammation in ETs (Fig. E4).

Our study has some limitations. Patient matched IT, UT and ET were not available from all 

patients due to variations in the extent of surgery, the size of surgically resected tissue and 

quality of RNA extracted. Subsequently, the numbers of specimens available from each 

anatomic location and for analysis by protein or RT-PCR were variable. Our study also 

recruited patients undergoing surgery in a tertiary care practice in Chicago. Thus, whether 

our results are applicable to the general population, or only tertiary care populations in the 

United States, would require further multi-institutional studies. Nonetheless, we report data 

from a larger number of samples than most other published studies and had sufficient control 

ET to define a 95th percentile threshold for inflammatory subtyping. Our results also suggest 

that CRSsNP cannot be generalized as a type 1 inflammatory condition since approximately 

40% and 15% of CRSsNP patients demonstrated type 2 and 3 inflammation, respectively. 

We also further find that over 40 % of CRSsNP patients did not show the signature for type 

1, 2 or 3 inflammation in ET, IT or UT (Fig. 1, E3 and E4 and not shown). Further studies 

will be required to identify the nature of the inflammation in these patients.

Using flow cytometry, Derycke et al. have reported heterogenous T-helper populations in 

CRSsNP, with Th1 being the most common population in control, CRSsNP and CRSwNP 

populations.9 Th2 cells were extremely rare in the CRSsNP tissue studied. In contrast, while 

we also report heterogeneous inflammatory patterns in CRSsNP, type 2 inflammation was 

most common. While Derycke et al. used stimulated cells to identify the presence of T-

helper subsets in tissue,9 our study evaluated relative ongoing expression of inflammatory 

cytokines and eosinophil granule proteins. Since these studies utilize different biomarkers 

for each inflammatory subtype and have disparate methods for defining an inflammatory 

subtype, they are not directly comparable. The methodologic differences may indeed lead to 

the different results.

Very recently, two groups published on patterns of inflammation in CRS. In support of our 

findings, Konig et al. found that IFN-γ was not elevated in nasal secretion of German 

patients with CRSsNP.10 Tomassen et al. proposed 10 endotypes of CRS based on 

inflammatory patterns found in a multicenter study in Europe.11 This study also discovered 

heterogenous inflammation in CRSsNP and the overall frequency of IFN-γ, IL-5 and 

IL-17A high populations in CRSsNP was 20, 30 and 11%, respectively, which similar to our 

current study. Together, these results may indicate our findings may be applicable to 

CRSsNP patients in both the United States and Europe.
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In conclusion, we report here that CRSsNP is a heterogenous disease and the overall 

frequency of type 2 inflammation is higher than type 1 inflammation in our United States 

based population. In light of emerging therapies targeting type 2 inflammatory mechanisms, 

our findings indicate that further studies will be needed to better identify type 2 CRSsNP 

patients for tailored therapeutic strategies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

CLC Charcot-Leyden crystal galectin

CRS Chronic rhinosinusitis

CRSsNP CRS without nasal polyps

CRSwNP CRS with nasal polyps

ECP Eosinophil cationic protein

ET Ethmoid tissue

IT Inferior turbinate

NP Nasal polyp

UT Uncinate tissue
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Fig. 1. Messenger RNAs for markers of type 2 and 3 inflammation were elevated in CRSsNP
Total RNA was extracted from whole tissue of control IT (n=19), control UT (n=21), control 

ET (n=33), CRSsNP IT (n=53), CRSsNP UT (n=44), CRSsNP ET (n=61), CRSwNP IT 

(n=28), CRSwNP UT (n=29), CRSwNP ET (n=40) and CRSwNP NP (n=48). Expression of 

mRNAs for IFN-γ, CLC, IL-5, IL-13 and IL-17A was analyzed using real-time RT-PCR. 

Gene expression was normalized to a housekeeping gene, β-glucuronidase (GUSB), and 

expression levels were shown as % expression of GUSB. Results are shown as medians 

(25% to 75% interquartile ranges) (A, B) or mean ± SEM (C). Dotted line indicates the 
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threshold based on the 95th percentile expression in control ET (CLC: 96.4, IL-5: 36.5, 

IL-13: 11.2, IFN-γ: 13.2, IL-17A: 12.1) (C). In order to display undetectable data, we 

plotted 0 as 0.01 in the log scaled figures (C). * p<0.05, ** p<0.01, *** p<0.001, **** 

p<0.0001, by one-way ANOVA.
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Fig. 2. Type 2 and 3 cytokines were elevated in CRSsNP tissue protein extracts
Protein extracts were generated from ET of control (n=34), CRSsNP (n=83) and CRSwNP 

(n=45) and from NPs (n=60). Expression of ECP, IL-5, IL-13, IFN-γ and IL-17A proteins in 

tissue homogenates was measured using ELISA and Luminex. The protein concentrations 

were normalized to the concentration of total protein. Dotted line indicates the threshold 

based on the 95th percentile expression in control ET (ECP: 131.5 ng/mg, IL-5: 0.02 pg/mg 

(detectable), IL-13: 5.5 pg/mg, IFN-γ: 8.1 pg/mg, IL-17A: 0.02 pg/mg (detectable)). In 

order to display undetectable data, we plotted 0 as 0.01 in the log scaled figures. * p<0.05, 

** p<0.01, *** p<0.001, **** p<0.0001, by one-way ANOVA.
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