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Abst rac t
Introduction: The pathogenesis of nasal polyps is still not fully understood.
Aim: To analyze the topography and intensity of interleukin 1b (IL-1b), tumor necrosis factor a (TNF-a), cyclooxy-
genase 2 (COX-2), nitric oxide synthase 2 (NOS-2), and nuclear factor-kB (NF-kB) expressions in eosinophilic and 
neutrophilic polyps and in normal nasal mucosa.
Material and methods: The study included specimens from 20 patients with eosinophilic polyps (more than 10% 
of eosinophils in inflammatory infiltrate), 20 individuals with neutrophilic polyps (predominance of neutrophils and 
less than 10% of eosinophils), and samples of normal nasal mucosa from 10 controls. The expressions of studied 
proteins in vascular endothelial cells, epithelial, stromal and glandular cells were determined immunohistochemi-
cally with specific monoclonal antibodies.
Results: Irrespective of the cellular type, the intensity of expressions in eosinophilic and neutrophilic polyps was 
significantly higher than in the normal mucosa. Eosinophilic polyps were characterized by stronger expressions of 
TNF-a (in all cellular types), IL-1b (in endothelial, glandular and epithelial cells), NF-kB (in stromal and epithelial 
cells), COX-2 (in glandular and stromal cells), and NOS-2 (in endothelial and stromal cells). In contrast, neutrophilic 
polyps showed significantly stronger expressions of COX-2 (in epithelial and endothelial cells) and NOS-2 (in glan-
dular and epithelial cells). In both phenotypes, the strongest expressions of all studied markers were documented 
in vascular endothelial cells.
Conclusions: Inflammatory markers are involved in pathogenesis of both eosinophilic and neutrophilic polyps. 
Endothelial defects can play an important role in the development of nasal polyps.
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Introduction

The pathogenesis of nasal polyps is still not fully un-
derstood. Inflammation of nasal and sinus mucosa, driven 
by numerous cytokines with a number of cellular sub-
populations involved, constitutes a constant component 
of clinical manifestation in patients with chronic rhinosi-
nusitis with polyps (GRSwNP) [1–3]. Separating tissue of 
chronic rhinosinusitis patients with (CRSwNP) or without 

(CRSsNP) higher eosinophilia was shown in the polypoid 
form [1, 3]. However, we still do not know which cells play 
the vital role in the pathogenesis of polyps. Until recently, 
the main role in the process of airway mucosa remodeling 
was ascribed to eosinophils and Th2 skewed response. But 
patients with chronic rhinosinusitis without polyps have 
a combined neutrophilic and eosinophilic cellular infil-
trate and a mixed Thl/Th2 cytokine profile. However, na-
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sal eosinophilia is not observed in patients who developed 
nasal polyps in the course of cystic fibrosis. Furthermore, 
patients from Japan, China, and Korea present with the 
neutrophilic phenotype of polyps markedly more often 
than individuals from Western countries [4]. However, the 
neutrophilic phenotype can also represent a secondary 
form, resulting from bacterial infections associated with 
polyposis, and local shift from Th2 to Th2/Th17 response. 
Inflammatory mediators and potential differences in their 
activity, associated with various inflammatory phenotypes, 
can play an important role as determinants of the clinical 
outcome in nasal polyposis. Understanding common and 
distinct pathophysiological features of various phenotypes 
of nasal polyps can be helpful in defining the therapeu-
tic targets and implementation of proper treatment. In-
terleukin 1b (IL-1b) is crucial for host defense responses 
to infection and injury and tumor necrosis factor a 
(TNF-a) is the main cytokine involved in inflammatory 
and immune response, and their synergy can play a cru-
cial role in the pathogenesis of conditions associated with 
inflammation, destruction and limited repair of tissues 
[5]. Inter alia, these cytokines can stimulate an enhanced 
expression of inflammatory-mediated enzymes, cyclooxy-
genase 2 (COX-2) and nitric oxide synthase 2 (NOS-2) (the 
latter previously referred to as inducible nitric oxide syn-
thase). Although the role of nitric oxide in inflammation 
is complex, its high concentrations and “cross-talk” with 
COX-2 were shown to enhance inflammatory response  
[6, 7]. The COX-2 plays a vital role in autophagy and inflam-
matory processes induced by IL-1b and TNF-a and in tu-
morigenesis [8]. Also nuclear factor-kB (NF-kB)-dependent 
signaling pathways, activated, inter alia, by IL-1b and TNF-a 
are important for the development of inflammation and 
tumorigenesis. The NF-κB is a transcription factor regulat-
ing the expression of many genes, whose products modu-
late inflammation, proliferation, apoptosis, and cellular 
stress response. Also the genes encoding IL-1b, TNF-a, 
COX-2 and NOS-2 are regulated by NF-κB. Activation of the 
NF-κB pathways induces nasal myofibroblast differentia-
tion and extracellular matrix (ECM) accumulation, what is 
important in the remodeling process [9].

Aim

The aim of this prospective study was to analyze the 
topography and intensity of IL-1b, TNF-a, COX-2, NOS-2, 
and NF-kB expressions in tissues of nasal polyps repre-
senting various inflammatory phenotypes (eosinophilic 
vs. neutrophilic) and in nasal mucosa of chronic rhinosi-
nusitis patients.

Material and methods

Participants

The study included 40 patients (20 women and 20 men)  
aged 26–65 years (mean: 41.6 ±9.9 years), who under-

went functional endoscopic sinus surgery (FESS) due 
to the presence of nasal polyps. None of the patients 
had a history of previous polypectomy. Two subgroups 
were differentiated based on the predominant cell type 
identified on microscopic examination: 20 individuals  
(11 women and 9 men; mean age: 41.2 ±9.7 years) with 
eosinophilic nasal polyps (> 10% of eosinophils in ten 
high-power fields of hematoxylin and eosin stained 
slides), and 20 subjects (9 women and 11 men; mean 
age: 42.1 ±10.4 years) with the neutrophilic phenotype  
of nasal polyps (predominance of neutrophils and < 10% 
of eosinophils [2, 3]).

The control group comprised 20 individuals (10 wom-
en and 10 men) aged 26–65 years (mean age: 41.5 ± 10 
years) with chronic sinusitis without nasal polyps (CRS), 
who underwent surgery for deviated nasal septum dur-
ing which tissue sample was obtained. Signs of chronic 
inflammation were confirmed by the rhinoscopic exam, 
complete blood count (CBC) and C-reactive protein (CRP) 
tests performed. Sinus CT were performed to evaluate the 
sinus pathology excluding patients with abnormal scans.

The exclusion criteria were: the presence of neoplas-
tic disease, cystic fibrosis, anti-asthmatic treatment, posi-
tive results of allergic tests, hypersensitivity to aspirin or 
other non-steroidal anti-inflammatory drugs (NSAIDs), 
active smoking, pregnancy or lactation, psychiatric treat-
ment, and coagulation disorders. Furthermore, the en-
rolled patients did not use either topical or systemic glu-
cocorticoids and antihistaminic agents for at least four 
weeks prior to the polypectomy.

All the subjects provided written consent in accor-
dance with the Declaration of Helsinki. The protocol of 
the study was approved by the Local Bioethics Commit-
tee of the Medical University of Silesia (decision no. NN-
6501-51/07).

Immunohistochemistry

Routinely prepared paraffin sections were labeled 
with rabbit anti-NF-kB (sc-109, Santa Cruz Biotech. Inc., 
USA), anti-IL-1β (ab2105, Abcam, Cambridge, USA), anti-
iNOS (ab15323, Abcam), and anti-TNF-α (ab6671, Abcam) 
polyclonal antibodies or mouse anti-COX-2 monoclonal 
antibody (sc-58344, Santa Cruz, USA) as previously de-
scribed [10]. Digital pictures were taken under magni-
fication 200×, using 20× lens objective Nikon CFI Plan 
Achromat Series. Numerical aperture was 0.4 mm. The 
intensity of staining was measured with NIS AR software 
(Nikon, Japan) as the optical density of the reaction prod-
uct. Average optical density was calculated for each ana-
lyzed area [11]. The isotype controls (the primary antibody 
was replaced with IgG of some species as the primary 
antibody) and negative controls (the primary antibody 
was replaced with antibody diluent) have been done for 
every studied antigen. We analyzed three sections for 
every studied protein from every patient, with ten fields 
examined in each section. All stainings were performed 
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by a single person, using exactly the same batch of re-
agents, in a short period. Finally, the arithmetic mean 
and standard deviation were calculated.

Statistical analysis

Normal distribution of the data was verified with the 
Shapiro-Wilk test. Homogeneity of variance was checked 
with Levene’s test. The values were analyzed via a one-
way analysis of variance (one-way Anova). For multiple 
comparisons, the Games-Howell post-hoc test was used. 
Results are presented as means ± standard deviations. 
P-values < 0.05 were considered significant.

Results

Cytoplasmic expressions of NF-kB, IL-1β, TNF-α, COX-2, 
and NOS-2 were documented in vascular endothelial 
cells, fibroblasts, macrophages, epithelial, stromal and 
glandular cells, as well as in infiltrating cells, i.e. eosino-
phils, neutrophils, and monocytes. We analyzed the ex-
pressions in vascular endothelial cells, epithelial, stromal 
and glandular cells of nasal polyps, and chronic rhinosi-
nusitis nasal mucosa.

Irrespective of the cell type, the expressions in polyps 
representing both inflammatory phenotypes were signifi-
cantly stronger than in control mucosa. Furthermore, the 
inflammatory phenotypes of polyps differed in terms of 
the intensity and topography of analyzed expressions.

Tumor necrosis factor a (TNF-α) (Figures 1, 2 A)

Neutrophilic polyps vs. chronic rhinosinusitis

The expression of TNF-α in the epithelium, glandular 
tissue and stroma of neutrophilic polyps corresponded to 
234%, 277% and 297% of respective control levels. The 
expression of TNF-α was the strongest in the vascular 
endothelium (401% of the control level).

Eosinophilic polyps vs. chronic rhinosinusitis

The expression of TNF-α in the epithelium, stroma, 
and glandular tissue of eosinophilic polyps corresponded 
to 278%, 338% and 366% of respective levels document-
ed in chronic rhinosinusitis nasal mucosa. Concentration 
of TNF-α was the highest in the vascular endothelium 
(504% of the control level).

Eosinophilic polyps vs. neutrophilic polyps

Irrespective of the cell type, the intensity of TNF-α 
expression in eosinophilic polyps was significantly higher 
than in neutrophilic polyps.

Interleukin-1b (IL-1β) (Figures 1, 2 B)

Neutrophilic polyps vs. chronic rhinosinusitis

The expression of IL-1β in the glandular tissue and 
epithelium of the neutrophilic polyps corresponded to 

125% and 146% of the respective control levels. A mark-
edly stronger expression was documented in the polyp 
stroma (302% of the control level). The strongest expres-
sion, nearly 4 times greater than in chronic rhinosinusitis 
nasal mucosa, was observed in the vascular endothelium 
of polyps.

Eosinophilic polyps vs. chronic rhinosinusitis

The expression of IL-1β in the glandular tissue, epi-
thelium and stroma of eosinophilic polyps corresponded 
to 183%, 201%, and 396% of the respective control levels. 
The highest intensity of IL-1β expression, corresponding 
to 498% of the chronic rhinosinusitis mucosal level, was 
documented in the vascular endothelium of polyps.

Eosinophilic polyps vs. neutrophilic polyps

The expression of IL-1β in the vascular endothelium, 
glandular tissue and epithelium of eosinophilic polyps 
was significantly stronger than in respective cells of neu-
trophilic polyps. In contrast, the two phenotypes of nasal 
polyps did not differ significantly in terms of their stromal 
expressions of IL-1β.

Nuclear factor kB (NF-kB) (Figures 1, 3)

Neutrophilic polyps vs. chronic rhinosinusitis

The expression of NF-kB in the glandular, stromal, 
epithelial and endothelial cells of neutrophilic polyps 
amounted to 170%, 227%, 296% and 298% of the respec-
tive control levels.

Eosinophilic polyps vs. chronic rhinosinusitis

The expression of NF-kB in the glandular, stromal and 
epithelial cells, and vascular endothelium of eosinophilic 
polyps corresponded to 165%, 280%, 370% and 384% of 
the control levels.

Eosinophilic polyps vs. neutrophilic polyps

The expressions of NF-kB in eosinophilic polyps were 
significantly stronger only in the case of stroma and epi-
thelium. The expression in the other analyzed cell types 
was not associated with the inflammatory phenotype of 
nasal polyps.

Cyclooxygenase 2 (COX-2) (Figures 1, 4 A)

Neutrophilic polyps vs. chronic rhinosinusitis

The expression of COX-2 in the glandular tissue, epi-
thelium, stroma and vascular endothelium of neutrophil-
ic polyps corresponded to 288%, 300%, 359% and 432% 
of the respective control levels.

Eosinophilic polyps vs. chronic rhinosinusitis

The levels of COX-2 expression in the epithelium, vas-
cular endothelium, glandular tissue and stromal cells of 
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Figure 1. Immunohistochemical expression of IL-1 in glands (A–C) of chronic rhinosinusitis nasal mucosa (A), neutrophilic 
(B) and eosinophilic (C) polyps; of TNF-α in glands (D–F) of CRS nasal mucosa (D), neutrophilic (E) and eosinophilic (F) 
polyps; of NF-kB in glands (G–I) in CRS nasal mucosa (G), neutrophilic (H) and eosinophilic (I) polyps; of COX-2 in glands 
(J–L) of CRS nasal mucosa (J), neutrophilic (K) and eosinophilic (L) polyps, and of NOS-2 in glands (M–O) of CRS nasal 
mucosa (M), neutrophilic (N) and eosinophilic (O) polyps
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eosinophilic polyps amounted to 242%, 328%, 399% and 
448% of the respective control levels.

Eosinophilic polyps vs. neutrophilic polyps

The glandular and stromal expression of COX-2 in eo-
sinophilic polyps was significantly stronger than in neutro-
philic polyps. In contrast, neutrophilic polyps showed sig-
nificantly higher epithelial and endothelial levels of COX-2.

Nitric oxide synthase 2 (NOS-2) (Figures 1, 4 B)

Neutrophilic polyps vs. chronic rhinosinusitis

The expressions of NOS-2 in the epithelium, stroma, 
vascular endothelium and glandular tissue of neutrophil-
ic polyps corresponded to 189%, 233%, 235% and 254% 
of the respective control levels.

Eosinophilic polyps vs. chronic rhinosinusitis

The expression of NOS-2 in the epithelial, glandular 
and stromal cells, and vascular endothelium of eosino-
philic polyps amounted to 157%, 198%, 282% and 286% 
of the respective control levels.

Figure 2. Expression of tumor necrosis factor α (A) and interleukin 1β (B) in selected structures of nasal mucosa. Statisti-
cally significant differences (p < 0.05)

Figure 3. Expression of nuclear factor kB in selected struc-
tures of nasal mucosa. Statistically significant differences 
(p < 0.05)
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Figure 4. Expression of cyclooxygenase 2 (A) and nitric oxide synthase 2 (B) in selected structures of nasal mucosa. Sta-
tistically significant differences (p < 0.05)
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Eosinophilic polyps vs. neutrophilic polyps

The expressions of NOS-2 in the endothelium and 
stroma of eosinophilic polyps were significantly stronger 
than in neutrophilic polyps. In contrast, neutrophilic pol-
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yps showed significantly higher levels of glandular and 
epithelial expressions of NOS-2.

Discussion

The modulation of ongoing inflammation is not com-
pletely understood, but likely involves a complex interplay 
between the cellular elements of the sinus tissue and the 
native and recruited immune cells.

We analyzed the differences in the intensity and to-
pography of TNF-α, IL-1β, COX-2, NOS-2 and NF-κB ex-
pressions in tissues of nasal polyps, representing various 
inflammatory phenotypes, and in chronic inflammatory 
nasal mucosa from patients with septal deviation – con-
trols. To the best of our knowledge, this was the first di-
rect comparison between the expressions of these pro-
teins in eosinophilic and neutrophilic polyps of European 
patients. Noticeably, we analyzed the expressions in situ, 
not in polyp tissue cultures.

Our findings point to a potential involvement of 
TNF-α in the development of nasal polyps. While we 
observed an enhanced expression of this cytokine in 
polyp tissues, it was virtually undetectable in nasal mu-
cosa from the controls. Although a strong expression of 
TNF-α was documented in both analyzed inflammatory 
phenotypes of polyps, its significantly higher levels were 
observed in eosinophilic polyps. An enhanced expression 
of this cytokine in nasal polyps was previously reported 
by other authors [4, 6, 12]. Understanding the role played 
by TNF-α in the development of nasal polyps seems vi-
tally important as identification of its involvement in 
the pathogenesis of other conditions (e.g. rheumatoid 
arthritis, psoriasis) was reflected by successful attempts 
of their treatment with anti-TNF antibodies. Oyer et al. 
[13] presented increased adhesion molecules (vascular 
cell adhesion molecule 1 (VCAM-1) and intercellular ad-
hesion molecule 1 (ICAM)) expression on sinonasal fibro- 
blast in chronic sinusitis patients with and without na-
sal polyposis. Our observation that both analyzed phe-
notypes of polyps showed stronger expressions of IL-1β 
than control nasal mucosa is consistent with current 
knowledge on the functioning of this cytokine [14]. Plau-
sibly, the enhanced expression of IL-1β reflected the pro-
liferation associated with polyp growth and inflammatory 
processes taking place in polyp tissues. Zhang et al. [4] 
showed that concentration of IL-1β in homogenates of 
neutrophilic polyps from Chinese patients is significantly 
higher than in eosinophilic polyps of Belgian patients. 
The neutrophilic phenotype of inflammation in nasal pol-
yps of patients from Asia was previously attributed to up-
regulation of IL-1β and the presence of Th17 lymphocytes. 
However, except for stromal cells for which the difference 
proved statistically insignificant, the expressions of this 
cytokine in eosinophilic polyp tissues were significantly 
stronger than in neutrophilic lesions. A study on mice re-
vealed that, depending on the stage of the disease and 

its treatment, interactions may occur in the airways be-
tween Th2-type immune response with eosinophilia and 
Th17-type response with neutrophilia [15]. It should be 
remembered that IL-1β plays an established role in pro-
tection against bacterial and fungal infections [16]. Fur-
thermore, both IL-1β and TNF-α induce an endothelial ex-
pression of VCAM-1 in the microvessels of polyps; this is 
reflected by adhesion and transmigration of eosinophils, 
but not neutrophils [1, 17]. In our study, the expressions 
of IL-1β and TNF-α turned out to be the strongest in vas-
cular endothelium of the eosinophilic polyps. Therefore, 
it is likely that some patients with nasal polyps develop 
nasal eosinophilia secondarily to increased activities of 
IL-1β and TNF-α. While eosinophils can play a role in the 
remodeling of nasal polyp tissues, their involvement in 
the development of these lesions is unlikely. If eosino-
philia was involved in the pathogenesis of nasal polyp-
osis, the prevalence of polyps in patients with allergic 
rhinitis would be markedly higher than documented in 
the epidemiological studies. It may be speculated that 
the relative deficit of T regulatory cells accounts for the 
inability to suppress inflammation, resulting in a stron-
ger inflammatory response in CRS with polyps compared 
with CRS patients.

Furthermore, the strong expression of NF-kB ob-
served in nasal polyps analyzed in our study represented 
a marker of enhanced inflammation. However, the ex-
pressions of this transcription factor in eosinophilic and 
neutrophilic polyps did not differ as evidently as the 
levels of IL-1β and TNF-α. Significant interphenotypic 
differences pertained solely to epithelial and stromal 
expressions of NF-kB, both stronger in eosinophilic pol-
yps. A strong expression of NF-kB in polyp tissue and an 
inadequate dose of glucocorticoids were postulated as 
determinants of worse response to pharmacotherapy [18, 
19]. It is noteworthy that all our patients were qualified to 
surgery due to failure of the pharmacological treatment 
of nasal polyposis.

Apart from being associated with inflammation, an en-
hanced expression of COX-2 can also promote tumorigen-
esis [20]. Altered regulation of arachidonic acid cascade 
metabolism is a well-documented feature of nasal polyps, 
and is observed irrespectively of tolerance to non-steroidal 
anti-inflammatory drugs [21]. However, the available data 
on the dynamics of COX-2 expression (at both the mRNA 
and protein level) are inconclusive. While, similarly to our 
study, some authors documented an up-regulation of 
COX-2 expression in polyp tissues [22–26], other research-
ers claimed a down-regulated expression of this enzyme 
[27, 28]. The expression of COX-2 can be modulated by 
the severity of local inflammation, implemented treatment 
(e.g. inhibitory effect of glucocorticoids), and some comor-
bidities (e.g. allergies, aspirin-exacerbated respiratory dis-
ease); consequently, the expression of COX-2 in a given 
material reflects the inclusion criteria to a studied group. 
Moreover, the methodology of determining the COX-2 ex-
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pression (immunohistochemistry or PCR) can affect the re-
sults. The observation that analyzed phenotypes differed 
in terms of the distribution of peak levels of COX-2 expres-
sion is an original contribution of our study. Compared to 
neutrophilic lesions, eosinophilic polyps were characterized 
by a significantly stronger expression of COX-2 in glandu-
lar and stromal cells. In contrast, the epithelial and endo-
thelial expression of this enzyme was stronger in the case 
of neutrophilic polyps. The quantitative determination of 
mediators concentration in the tissue (qRT-PCR analysis) 
would be a valuable complement to our observations. Our 
observations regarding eosinophilic polyps are partially 
consistent with the data published by Gosepath et al. 
[29]. They documented a strong glandular expression of 
COX-2 and weak epithelial expression of this enzyme in 
polyps of patients with concomitant allergy or aspirin in-
tolerance (and thus, probably, in eosinophilic polyps) [29]. 
Understanding the role of overexpression of this enzyme 
in the development of polyps representing various inflam-
matory phenotypes is also important in the context of 
their treatment, not necessarily solely with glucocorticoids. 
For example, inhibitors of COX-2 are used in pharmaco-
logical prevention of colorectal cancer in individuals with 
familial polyposis [30]. It has been observed that the COX-2 
expression level was higher in a statistically significant 
manner in the mucosa of patients with CRS without pol-
yps as compared to the expression level in the mucosa 
and polyp tissue in patients with CRS with polyps [31]. 
Elevated levels of oral and nasal FeNO (fractional concen-
tration of exhaled nitric oxide) were shown to be associ-
ated with overexpression of NOS-2, and are specific for 
eosinophilic chronic rhinosinusitis [32]. Parikh et al. [33] 
observed that the activity of NOS-2 in eosinophilic polyps 
of patients with asthma and aspirin sensitivity was sig-
nificantly higher than in nasal polyps of persons without 
asthma or with asthma without aspirin sensitivity. We 
observed an overexpression of NOS-2 in tissues of both 
eosinophilic and neutrophilic polyps. The endothelial and 
stromal expressions of NOS-2 were significantly stronger 
in eosinophilic than in neutrophilic polyps. In contrast, 
glandular and epithelial expressions of NOS-2 turned out 
to be significantly stronger in neutrophilic polyps. This sug-
gests that macrolide antibiotics and fexofenadine hydro-
chloride, both significantly reducing the airway synthesis 
of nitric oxide, could be used as an adjuvant to glucocor-
ticoids in the pharmacotherapy of nasal polyps, especially 
of their non-eosinophilic phenotype [34–36]. Our results 
contribute to a growing body of literature showing a lo-
cally elevated expression of inflammatory mediators in 
patients with chronic rhinosinusitis and polyps. 

Conclusions

The NF-kB, IL-1β, TNF-α, COX-2 and NOS-2 seem to 
be involved in the pathogenesis of nasal polyps, irrespec-
tive of their phenotype. The lack of major differences be-

tween eosinophilic and neutrophilic polyps suggests the 
involvement of common pathogenic pathways in their 
development. The differences in the intensity of COX-2 
and NOS-2 expressions could reflect various stages of 
the inflammatory process and the involvement of various 
cells in the pathogenesis of eosinophilic and neutrophilic 
polyps. The expressions of most markers were the stron-
gest in vascular endothelium of both phenotypes, which 
suggests that endothelial defects can play an important 
role in the pathogenesis of nasal polyps. 
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