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Abstract 

Background: Chronic rhinosinusitis (CRS) is a group of heterogeneous diseases characterized by epithelial inflam‑
mation and tissue eosinophilic infiltration. IL‑5, POSTN, and IL‑33 are important factors that act as chemoattractants 
for eosinophils, and a tissue‑remodeling protein positively correlated with eosinophils in blood and mediators of 
eosinophilic infiltration. The aim of the study was to determine the expression of IL‑5, POSTN and IL‑33, at the gene 
and protein levels, in eosinophilic CRS with nasal polyps (CRSwNP) and without nasal polyps (CRSsNP), and to cor‑
relate this expression with clinical severity.

Materials and methods: The study included 40 CRSwNP patients and 53 CRSsNP patients and 40 control subjects. 
The expression of IL-5, POSTN and IL-33 mRNA was determined in sinonasal mucosal samples and in nasal polyp tissue 
by real‑time PCR. Protein levels in the serum of CRSwNP patients were measured by ELISA. Computed tomography 
was evaluated according to Lund–Mackay scores, and visual analog scale scores were assessed.

Results: NP tissue demonstrated significantly higher IL-5 and POSTN mRNA expression than the sinonasal tissue in 
the CRSsNP and CRSwNP groups. CRS groups demonstrated elevated IL-33 mRNA expression in comparison to con‑
trols irrespective of the presence of NP. No correlation was found between IL-5, POSTN and IL-33 mRNA expression and 
disease severity. CRSwNP group demonstrated significantly higher serum IL‑5, POSTN and IL‑33 protein levels than 
controls, and this corresponds to disease severity.

Conclusion: Serum IL‑5, POSTN and IL‑33 levels may be important markers for classification of eosinophilic CRSwNP 
patients, along with disease severity.
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Introduction
One of the most frequently diagnosed diseases of the 
upper respiratory tract is rhinosinusitis (RS). The 2020 
European Position Paper on Rhinosinusitis and Nasal 
Polyps (EPOS) classifies RS as acute rhinosinusitis (ARS) 

and chronic rhinosinusitis (CRS). In turn, CRS is divided 
into two subgroups: CRS without nasal polyps (CRSsNP) 
and CRS with nasal polyps (CRSwNP) [1]. Epidemiologi-
cal data indicate that bacterial ARS affects about 16% of 
the adult population annually, while the viral form affects 
0.5 to 2% [2]. The prevalence of CRS ranges from 5 to 
12% worldwide [3]. CRSwNP is related to other respira-
tory diseases including aspirin intolerance and asthma 
[4], with nasal polyps being reported in 36% of patients 
with aspirin sensitivity and 7% of those with asthma [5].
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Chronic rhinosinusitis comprises a heterogeneous 
group of inflammatory disorders. It is assumed that the 
disease process lasts over 12 weeks and is accompanied 
by two or more symptoms, such as nasal discharge/
postnatal drip, nasal congestion, sinus pain/pressure, 
and anosmia/hyposmia [6]. Although the two CRS 
subgroups generally demonstrate similar symptoms, 
CRSsNP is associated with rhinorrhea and facial dis-
comfort, whereas CRSwNP is manifested by nasal con-
gestion and olfactory abnormalities [7].

CRS is manifested as non-eosinophilic (chronic 
infectious sinusitis, idiopathic non-eosinophilic CRS), 
eosinophilic (idiopathic eosinophilic CRS, aspirin-
exacerbated respiratory disease, allergic fungal rhi-
nosinusitis) and variable phenotypes (cystic fibrosis). 
Eosinophilic CRS, characterized by increased infiltra-
tion of eosinophils in the paranasal sinus mucosa [8], 
is also common, as it is observed in more than 80% of 
CRS patients [1]. Concentration of interleukin (IL)-5 
[9] and periostin (POSTN) [10] positively correlates 
with proportion of eosinophils in blood, and eosino-
philic infiltration is mediated by IL-33 [11].

CRS has been subclassified as diseases with and with-
out an allergic component. Allergic sensitization to aer-
oallergens (atopy) is quite common in this condition. 
However, little evidence exists for aeroallergen exacer-
bation of CRS:available data indicate that aeroallergens 
are not able to access the sinuses during normal breath-
ing or during coughing and sneezing [8, 12, 13].

The pathogenesis of CRS is multifactorial and 
includes an interplay among environmental exposures, 
infectious causes, and genetic predisposition [14, 15]. 
Increasing evidence indicates that CRS is an immune-
mediated disease [16, 17]. It is believed that various 
CRS subgroups have individual inflammation patho-
mechanisms. For example, CRSsNP is characterized by 
type 1 inflammatory response, and CRSwNP by type 2 
[18]. Type 1 inflammatory response (Th1) is character-
ized by elevated levels of type 1 cytokines related to the 
cellular immune response, such as interleukin-2 (IL-2), 
gamma interferon (IFN-γ), IL-12, and tumor necro-
sis factor beta (TNF-β). In contrast, type 2 inflamma-
tory response (Th2) is characterized by elevated type 
2 cytokines related to the humoral immune response, 
including IL-4, IL-5, IL-6, IL-9, IL-10, IL-13, IL-25 and 
IL-33 [19, 20].

Following chronic inflammation of the parana-
sal sinuses, the cellular infiltrate demonstrates higher 
numbers of neutrophils for CRSsNP and eosinophils 
for CRSwNP [16]. The phenomenon is followed by tis-
sue damage, which initiates the processes of remodeling 
within the mucous membrane. Airway epithelium dam-
age is related to ciliary destruction, squamous metaplasia, 

increased level of microvillus cells, and hyperplasia of the 
mucous gland and goblet cells [21].

IL-5 is produced mainly by Th2 cells, but also by mast 
cells, eosinophils, or natural killer cells. IL-5 propagates 
cellular signals via JAK–STAT (Janus kinase/signal trans-
ducer and activator of transcription) and Ras/MAPK 
(Mitogen-activated protein kinase) pathways. [22]. Th2 
cells produce and secrete IL-5 through a complex activa-
tion process induced by inhaled allergens. IL-5 is a pro-
inflammatory factor that plays a very important role in 
eosinophil biology. It is the factor responsible for the dif-
ferentiation, growth, activation, survival and recruitment 
of eosinophils into the airways. It also prevents apopto-
sis of these cells. Eosinophils secrete numerous media-
tors of type 2 inflammation, including granule proteins, 
enzymes, cytokines, chemokines, growth factors, lipids, 
and oxidation products. Due to its properties, IL-5 may 
prolong the survival of eosinophils, which is important 
in the development of inflammation. The association of 
IL-5 with most eosinophil-induced diseases is indicated 
[23–25].

The extracellular matrix protein POSTN is a multifunc-
tional factor secreted by connective tissue cells and fibro-
blasts that regulate the phosphoinositide 3-kinase (PI3K/
AKT) and focal adhesion kinase (FAK) signaling path-
ways. POSTN, located in the mucosa of the upper air-
way, lower respiratory, and myocardial tissues, is crucial 
to their remodeling; it also plays an important role in the 
process of Th2-inflammation and supports development 
and maintenance of inflammatory diseases [26, 27].

IL-33 is secreted by various types of immune cells, 
such as macrophages and dendritic cells, and is con-
stitutively expressed in epithelial tissues and lymphoid 
organs. It also regulates the immune response. IL-33 acti-
vates NF-κB (nuclear factor kappa-light-chain enhancer 
of activated B cells), MAPKs, and PI3K/AKT signaling, 
resulting in the production and release of proinflamma-
tory cytokines [28]. IL-33 affects the biology of Th2 cells. 
It stimulates Th2 cells, but also eosinophils, mast cells, 
basophils, natural killer cells to proliferation and pro-
duction of proinflammatory cytokines, including IL-5 
and thereby promotes defense and pathology in mucosal 
organs. Studies demonstrate that IL-33 is a chemoattract-
ant for Th2 cells, which may be related to the proinflam-
matory properties of this cytokine. Data indicate also its 
association with the pathogenesis of chronic respiratory 
diseases [29–31].

Dysregulation of these agents has been implicated in 
the pathogenesis of several acute and chronic inflamma-
tory diseases, including CRS. To provide a clearer insight 
into this relationship, the present study analyses the rela-
tive mRNA expression and serum protein levels of three 
potent biomarkers: IL-5, POSTN, and IL-33. It compares 
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mRNA expression in normal human mucosa tissues of 
controls with those in sinonasal mucosal or nasal polyp 
tissues observed in patients with CRSsNP and CRSwNP 
based on RT-qPCR analysis and protein expression in 
normal human mucosa tissues of controls with those in 
nasal polyp tissues observed in patients with CRSwNP 
based on enzyme-linked immunosorbent assay.

The aim of this study is to investigate the expression 
of IL-5, POSTN and IL-33 and determine their correla-
tion with the severity of CRS, in particular CRSwNP. A 
better understanding of the molecular basis of the two 
different CRS subtypes, as well as more accurate detec-
tion of CRSwNP and its severity, will allow more effective 
diagnosis and application of treatment methods, moving 
towards an individualized approach to therapy.

Materials and methods
Subjects
The study was conducted in accordance with the Declara-
tion of Helsinki, and the research protocol was approved 
by the Bioethics Commission at the Medical University 
of Lodz (Decision No. RNN/40/09/KB of 2009 and com-
pletion of Annex No. KB/2648/12/P of 2012). All partici-
pants gave their signed informed consent to take part in 
the study. The patients were recruited from the Depart-
ment of Otolaryngology and Laryngological Oncology, 
Medical University of Lodz, Poland, between 2016 and 
2020.

The study was carried out in a cohort of 93 Cauca-
sian patients, aged between 22 and 65  years: group I 
(CRSsNP) included 53 patients, 13 of whom were diag-
nosed with allergy; group II (CRSwNP) included 40 
patients, 16 of whom were diagnosed with allergy. In each 
case, allergy was confirmed by skin prick testing [32]. The 
reference group was composed of 40 patients with nasal 
septum deviation (NSD). Study groups characteristics is 
summarized in Table 1.

CRS was diagnosed according to the criteria of the 
European Position Paper on Rhinosinusitis and Nasal 
Polyps 2012 from the European Academy of Aller-
gology [33]. The study group included patients with 
eosinophilic CRS with NP or with eosinophilic CRS 
but without NP, with and without a history of allergy. 
Patients aged < 18  years, with any history of cancer or 
other immunological disorders were excluded from the 
study group. Patients in the control group were hospi-
talized for a planned surgery not related to a chronic 
inflammatory disease (patients with nasal septum devi-
ation). Patients with inflammation in the head and neck 
region, a history of immune system disorders, other 
lung diseases, cancer, allergy, atopic dermatitis, asthma, 
aspirin, or other NSAIDs (nonsteroidal anti-inflamma-
tory drugs) sensitivity were excluded from the control 
group.

The severity of the disease was analyzed by Func-
tional Endoscopic Sinus Surgery (FESS) and computed 
tomography (CT) of the paranasal sinuses. The CT 
staging was evaluated with the Lund–Mackay (L–M) 
system. “0” indicates complete lucency of all sinuses 
and “24” signifies complete opacity of all sinuses. Mild, 
moderate, or severe disease is defined according to 
L–M score: 5–10, 11–17 or 18–24, respectively [34]. A 
L–M score ranging from 0 to 4 may be considered nor-
mal range [1].

The visual analogue scale (VAS) system was used to 
assess the severity of clinical symptoms reported by 
the patients. Patients completed a questionnaire about 
the occurrence and duration of symptoms, including 
nasal blockage, nasal discharge, facial pain/pressure, 
and reduction or loss of smell. “0” indicated absence of 
symptom and “10” was identified with the most severe 
symptoms. Mild, moderate, or severe disease is defined 
according to VAS scores: 0–3, 4–7, or 8–10, respectively 
[35].

Table 1 Study groups characteristic

Characteristics: Control subjects CRSsNP CRSwNP

Women/men (no.) 21/19 18/35 16/24

Age ± SD (mean) 46.54 ± 8.74 48.76 ± 10.00 51.35 ± 13.98

Allergy (no.) (seasonal/perennial) – 13 (6/7) 16 (4/12)

Comorbidity (no.) – Asthma (1)
Aspirin exacerbated respiratory disease 
(AERD) (0)

Asthma (16)
Aspirin exacerbated 
respiratory disease 
(AERD) (4)

Prevalence of polyp recurrence after endoscopic 
sinus surgery (no.)

– – 17

L–M score ± SD (mean) – 15.24 ± 5.94 15.63 ± 6.95

VAS score ± SD (mean) – 6.52 ± 2.61 6.95 ± 2.59
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The patients had not been administered oral or intrana-
sal corticosteroids or any antihistamines for one month 
before the nasal endoscopic procedure.

Tissue collection and serum preparation
Tissue samples were collected during the planned endo-
scopic procedures. These comprised sinonasal mucosal 
and polyp tissue from CRS patients, or a fragment of the 
mucosa of the lower nasal concha from NSD patients. 
The tissues were stored in RNAlate Stabilization Solu-
tion (Thermo Fisher Scientific, Waltham, Massachusetts, 
USA) at − 20 °C until RNA isolation.

Blood samples were used to evaluate serum IL-5, peri-
ostin and IL-33 levels. Tte serum was obtained by allow-
ing the blood to clot at room temperature for 2  h. The 
clotted blood was then centrifuged for 10 min at 12.000g. 
The serum was then collected and stored at − 20 °C.

Histological analysis
The tissue samples were fixed in formaldehyde, processed 
by classical paraffin embedding technique followed by 
hematoxylin–eosin staining. All samples were examined 
with an Olympus light microscope (Olympus, Tokyo, 
Japan). The epithelial infiltration with eosinophils were 
evaluated.

Assessment of total IgE in serum
Determinations of total IgE levels were performed by an 
immunoenzymatic method (UNI-CAP, Pharmacia, Swe-
den). An elevated level of total IgE was considered to be 
concentrations above 100 IU/mL.

RNA isolation and quality assessment
Total RNA extractions were carried out using RNeasy 
Mini kit (Qiagen, Hilden, Düsseldorf, Germany) and an 
TissueRuptor homogenizer (Qiagen, Hilden, Düsseldorf, 
Germany) according to the manufacturer’s instructions. 
The optical density (A260/A280) and the quality of the 
total RNA were determined using a PicoDrop spectro-
photometer (Picodrop Limited, Cambridgeshire, Eng-
land). Samples with the A260/A280 coefficient above 
1.8 were selected for further analysis. The purified total 
RNA was immediately used for cDNA synthesis or stored 
at − 80 °C.

cDNA synthesis
The extracted total RNA was reverse transcribed using 
the High-Capacity cDNA Reverse Transcription Kit 
(Thermo Fisher Scientific, Waltham, Massachusetts, 
USA) according to the manufacturer’s protocol. All 
cDNA products were analyzed using spectrophotometry 
and stored at − 20 °C for further analysis.

Quantitative reverse transcription PCR (RT‑qPCR)
The mRNA expression of IL-5, POSTN and IL-33, with 
GAPDH included as the reference gene, were performed 
using TaqMan® Gene Expression Assays (Thermo 
Fisher Scientific, Waltham, Massachusetts, USA): IL-
5 (Hs99999031_m1), POSTN (Hs01566734_m1), IL-33 
(Hs00369211_m1). The PCR program consisted of an 
initial polymerase activation at 95 °C for 2 min, followed 
by 40 cycles at 95 °C for 1  s and at 60 °C for 20  s. The 
amplification results were analyzed with the 7900HT Fast 
Real-Time PCR software v.2.0 (Thermo Fisher Scientific, 
Waltham, Massachusetts, USA). GAPDH was used as an 
internal standard using Pre-Developed TaqMan® Assay 
Reagents for Human GAPDH (Thermo Fisher Scientific, 
Waltham, Massachusetts, USA). Three real-time PCRs 
were carried out for each DNA sample. The basal expres-
sion values were calculated according to the Ct method 
(ΔΔCT method) [36]. The RT-qPCR data were presented 
as the fold-change in gene expression normalized to 
the GAPDH reference gene and relative to the control. 
Results represent mean value ± SD from three independ-
ent experiments.

Enzyme‑linked immunosorbent assay (ELISA)
The levels of IL-5, POSTN, and IL-33 protein in the 
serum were determined using ELISA Kits (Thermo Fisher 
Scientific, Waltham, Massachusetts, USA) according 
to the manufacturers’ protocol. Results represent mean 
value ± SD performed in triplicates.

Statistical analysis
The results are expressed as mean values ± standard 
deviation (SD). The Shapiro–Wilk test was used to check 
the normality of data. Homogeneity of variance was 
determined using the Levene’s test. One-way or two-way 
analysis of variance (ANOVA) was used to compare the 
groups, followed by the Tukey’s post hoc test or the Sidak 
test to determine pairwise comparisons. The Pearson’s 
coefficient and regression analyses were used to analyze 
relationships between IL-5, POSTN and IL-33 mRNA 
expression as well as serum protein levels, and for the 
association between each biomarker and the severity of 
CRSwNP measured by the L–M and VAS scale. A value 
of p < 0.05 was considered statistically significant. The 
statistical analysis was performed using STATISTICA 
13.0 software (StatSoft, Krakow, Poland).

Results
Total IgE concentrations
Mean serum IgE content in control subjects was 
49.02 ± 10.82, in CRSsNP patients was 158.86 ± 25.42 
(50.08 ± 11.23 and 409.44 ± 56.93 in nonalergy and 
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allergy subjects, respectively), in CRSwNP patients was 
166.05 ± 61.22 (50.75 ± 12.33 and 654.12 ± 65.45 in non-
alergy and allergy subjects, respectively). Comparison 
between nonallergic and allergic patients with and with-
out NP show significant differences for total IgE serum 
levels (p > 0.001).

mRNA Expression Analysis
The mRNA expression of IL-5, POSTN, and IL-33 in 
sinonasal mucosa tissues from CRSsNP and CRSwNP 
(n = 53 and n = 40) or in NP tissue of CRSwNP (n = 40) 
patients was determined by RT-qPCR. In addition, their 
expression was compared between groups subdivided by 
the presence or absence of allergy (Fig. 1).

The mRNA expression of IL-5 and POSTN in sinona-
sal mucosa tissue derived from CRSsNP and CRSwNP 
patients did not generally exceed 0.3-fold in compari-
son to controls. However, in the NP tissue derived from 
CRSwNP patients, IL-5 mRNA expression increased 1.7-
fold and POSTN 2.2-fold compared to controls. That ele-
vation of IL-5 and POSTN mRNA expression in NP tissue 
is statistically significant compared to sinonasal mucosa 
tissue from CRSsNP and CRSwNP.

In contrast, in the CRSwNP patients, the expression 
of IL-33 was 2.3-fold higher in NP tissues and 2.3-fold 
higher in the sinonasal mucosa compared to controls. 
In the CRSsNP patients, IL-33 expression in sinonasal 
mucosa tissue was 1.3-fold higher in comparison to con-
trols; however, this level was still significantly lower than 
that seen in both tissues from the CRSwNP patients.

Aditionally, analysis of the mRNA expression level of 
IL-5, POSTN, and IL-33 in samples from patients divided 
into groups according to the disease severity determined 
by L–M system scores, as indicated by CT of the parana-
sal sinuses and by VAS score were demonstrated (Fig. 2).

The expression of IL-5, POSTN, and IL-33 mRNA did 
not exceed 2.6 in comparison to controls in CRSsNP and 
CRSwNP sinonasal mucosa tissues, as well as in CRSwNP 
NP tissue. According to the Lund-Mackay system scores, 
the higher values compared to control were observed 
in CRSwNP NP tissue for IL-5 and POSTN: in the mild 
stage 1.8 and 2.0-fold increase; in moderate stage 2.6 and 
2.5; and in severe stage 2.2 and 2.0, respectively. These 
values are significantly higher than those observed for 
mucosa tissue. The expression of IL-33 mRNA in most 
cases constant and independent of tissue types.

According to the VAS system scores in sinonasal 
mucosa tissue from CRSsNP and CRSwNP patients with 
mild, moderate, and severe stages of the disease, IL-5 and 
POSTN mRNA levels did not increase more than onefold 
in comparison to controls. The strongest upregulations 
were observed in NP tissue from CRSwNP patients in the 
mild stage of the disease, i.e. 1.9-fold for IL-5 and 3.0-fold 

Fig. 1 mRNA expression (fold change) of IL-5 (A), POSTN (B), and 
IL-33 (C) genes in CRS patients with and without NP in sinonasal 
mucosa and NP tissue. *p < 0.05; ***p < 0.001
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for POSTN, as well as in the severe stage of the disease: 
1.9 (IL-5) and 2.4-fold (POSTN). These values are higher 
than the ones noted for CRSwNP NP tissues with mod-
erate disease, as well as for both CRSsNP and CRSwNP 
sinonasal mucosa tissue.

IL-33 expression in NP tissue from CRSwNP patients 
with mild stage of the disease was found to be up to 
threefold higher than controls. There are differences 
between mRNA level, the tissue types and CRSsNP and 
CRSwNP patients; however, no differences were found 
between the tissue types in CRSwNP patients.

Correlation of IL‑5, POSTN, and IL‑33 mRNA expression 
with disease severity
The next stage examined the relationship between mRNA 
expression of IL-5, POSTN, and IL-33 and disease sever-
ity in patients with CRSwNP. No correlation was found 
between IL-5, POSTN and IL-33 mRNA expression and 
L–M score, revealed by CT scan.

Additionally, no significant relationships were found 
between IL-5, POSTN, and IL-33 mRNA expression and 
disease severity in patients with CRSwNP according to 
VAS system.

Protein level analysis
An RT-qPCR test revealed that expression levels of IL-
5, POSTN, and IL-33 mRNA were higher in NP tissue 

Fig. 2 mRNA expression (fold change) of IL-5 (A, D), POSTN (B, E) and IL-33 (C, F) genes in sinonasal mucosa and NP tissue from CRS patients with 
and without NP with different levels of disease according to the L–M (A‑C) and VAS (D–F) system. *p < 0.05; **p < 0.01; ***p < 0.001
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from CRSwNP patients than in sinonasal mucosal tis-
sues obtained from CRSsNP., Hence, blood samples from 
patients with CRSwNP were used for protein studies. 
The serum level of IL-5, POSTN, and IL-33 protein was 
measured by ELISA.

The following respective mean serum IL-5, 
POSTN, and IL-33 levels were identified in CRSwNP 
patients—52.10  pg/mL, 95.04  ng/ml and 69.14  pg/ml; 
with regards to the control group, the corresponding val-
ues were: 14.53 pg/mL, 23.26 ng/ml and 15.43 pg/mL. No 
significant differences in IL-5, POSTN and IL-33 serum 
protein levels were observed between allergic and non-
allergic patients. (Fig. 3).

In addition, serum samples from CRSwNP patients 
with moderate to severe disease (L–M score) demon-
strated significantly higher IL-5, POSTN, and IL-33 levels 
than controls. Patients with severe disease demonstrated 
significantly upregulated levels of all factors compared to 
controls (49.80 pg/mL, 123.45 ng/mL, 79.65 pg/mL ver-
sus 14.53 pg/mL, 23.26 ng/mL, 15.43 pg/mL (Fig. 4).

Similarly, CRSwNP patients with moderate to severe 
disease (based on VAS) demonstrated significantly higher 
IL-5, POSTN, and IL-33 levels than controls. Patients 
with severe disease demonstrated significantly upregu-
lated levels of all factors compared to controls (61.14 pg/
mL, 120.23  ng/mL, 77.41  pg/mL versus 14.53  pg/mL, 
23.26 ng/mL, 15.43 pg/mL (Fig. 4).

Correlation of serum IL‑5, POSTN and IL‑33 level 
with disease severity
In patients with CRSwNP, the serum level of IL-5, 
POSTN and IL-33 positively correlated with L–M score, 
according to CT images (Fig. 5).

Significant relationships were also found between the 
serum level of IL-5, POSTN and IL-33 and disease sever-
ity, as determined by VAS score (Fig. 5).

Discussion
CRS patients typically demonstrate chronic inflamma-
tion of the nasal mucosa, with possible occurrence of NP. 
In addition, most CRSwNP groups are characterized by 
eosinophilic inflammation, which is strictly related to the 
elevated levels of IL-5, POSTN and IL-33. Therefore, the 
aim of the study was to compare the mRNA expression 
and serum protein level of those markers with disease 
severity, as assessed by L–M and VAS scoring.

The samples from CRS patients demonstrated higher 
expression of IL-5 and POSTN mRNA compared to con-
trols; in addition, differences were observed in local tissue 
concentrations between sinonasal mucosa and NP tissue 
from CRSsNP and CRSwNP patients. Greater upregula-
tion was observed in NP tissue from CSRwNP patients. 

Fig. 3 The serum levels of IL‑5 (A), POSTN (B) and IL‑33 (C) in CRSwNP 
patients with and without allergy, measured by ELISA. ***p < 0.001
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IL-33 mRNA expression appeared to be increased com-
pared to controls in all of tissue types, regardless of the 
presence of NP. Serum IL-5, POSTN and IL-33 levels 
were increased in CRSwNP patients versus controls, with 
the increase being proportionate to disease severity.

Statistically significant differences in IL-5 mRNA 
expression were observed between sinonasal mucosa 
and NP tissues. Similarly, both Cao et al. [37] and Kubota 

et al. [38] report significantly higher levels of IL-5 in NP 
tissue from eosinophilic CRSwNP patients compared to 
CRSsNP patients. It was also reported that elevated IL-
5 expression in CRSwNP patients correlates with ele-
vated expression of the IL-5 receptor in NP tissue [39]. 
Serum IL-5 protein level was also found to be higher in 
CRSwNP patients in comparison to controls, which had 

Fig. 4 The serum levels of IL‑5 (A, D), POSTN (B, E) and IL‑33 (C, F) in CRSwNP patients with mild to severe stage of the disease according to L–M 
evaluation of CT imaging (A–C) and clinical symptomps evaluated by VAS (D–F). *p < 0.05; **p < 0.01; ***p < 0.001
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been noted previously [40], and the increased value cor-
responded to disease severity.

Previous findings indicate that nasal IL-5 secretion 
levels above 40  pg/mL predict a response to anti-IL-5 
treatment [41]. Standard therapies for CRSwNP include 
topical corticosteroids and NP surgery [42]; however, 
biological anti IL-5 therapy, including mepolizumab, res-
lizumab, and benralizumab, may decrease NP size and 
improve nasal symptoms. For example, mepolizumab 
reduces NP score [43] and proportion of patients with 
surgery interference [44]. In addition, four-week treat-
ment with reslizumab can reduce the size of NPs in half 

of patients [41], whereas benralizumab treatment was 
found to improve numerous clinical parameters, such as 
a decreased L–M CT score [45].

Our findings confirm results of previous studies which 
implied that POSTN may play a pivotal role as a bio-
marker of CRSwNP, demonstrating greater upregula-
tion in NP tissue [46, 47]. Additionally, the production of 
POSTN is also upregulated in allergic rhinitis and aspirin-
induced asthma [47]. POSTN-induced tissue remodeling 
in CRSwNP patients may be suppressed by glucocorti-
coids [48] Moreover, POSTN mRNA expression appears 
to be lower after a successful endoscopic sinus surgery. 

Fig. 5 Correlation between severity of the disease according to the L–M (A–C) and the VAS (D–F) score systems and serum IL‑5 (A, D), POSTN (B, E) 
and IL‑33 (C, F) level in CRSwNP patients
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Those facts indicate that POSTN expression responds to 
the treatment and resolution of the disease [49]. Addi-
tionally, the POSTN protein level was significantly higher 
in CRSwNP patients compared to controls. The observed 
increase corresponded to disease severity. Previous stud-
ies have also indicated higher serum levels of POSTN in 
CRSwNP patients compared to controls [10, 46, 50], as 
well as higher levels of serum POSTN in patients with 
asthma than in those without it [46].

Our findings indicate higher IL-33 mRNA levels in 
patients compared to controls, but no differences were 
observed with regard to the tissue type obtained from 
CRSsNP and CRSwNP patients. Similarly, no differences 
in IL-33 mRNA expression levels were observed previ-
ously between non-eosinophilic CRSwNP and eosino-
philic CRSwNP patients [11]. However, the mRNA 
expression of the ST2, IL-33 receptor significantly 
increased in NP tissue of eosinophilic CRSwNP patients 
[51]. IL-33 is believed to enhance levels of 15-lipoxyge-
nase 1 in acute myeloid (eosinophilic) leukemia cells, a 
compound known to facilitate inflammatory processes 
in eosinophilic CRSwNP patients [52]. Conversely, inhi-
bition of IL-33 in a mouse model was found to reduce 
Th2 cell count [53], subepithelial collagen deposition and 
oedematous mucosa thickness [28]. Our present findings 
indicate elevated serum IL-33 protein levels in CRSwNP 
patients compared to control. Previous studies have also 
confirmed elevated IL-33 serum level in asthma patients 
[54].

All subjects underwent CT scans, which were then 
assessed using the L–M scoring system. The highest 
IL-5 and POSTN mRNA expressions versus controls 
were observed in the NP tissue derived from CRSwNP 
patients. Moreover, the mRNA levels of IL-5, POSTN and 
IL-33 do not correlate with CT scan L–M scores, whereas 
POSTN and IL-33 serum protein levels were correlated 
positively. Previous studies report no association between 
CRS severity and L–M score, with average symptom 
severity being highest for nasal discharge and nasal 
obstruction [55], nor between the pulmonary function 
and CT scan L–M score [56]. Similarly, no differences 
in the disease control status were found between non 
eosinophilic CRSwNP and eosinophilic CRSwNP groups; 
however, a correlation was found between CT scan L–M 
scores and the disease control status in the eosinophilic 
CRSwNP group [57]. However, POSTN mRNA expres-
sion was found to correlate with CT scan L–M score in 
eosinophilic CRSwNP patients, and serum POSTN levels 
tend to increase with disease severity in the same group 
[46]. In contrast, a positive association has previously 
been recorded between IL-33 mRNA expression and CT 
scan L–M score, as well as VAS score, in both non eosin-
ophilic CRSwNP and eosinophilic CRSwNP patients [11].

As the L–M scoring system for CRS does not corre-
late with clinical parameters [58], the participants were 
grouped into mild, moderate, and severe symptoms 
according to VAS scoring. The highest IL-5, POSTN, and 
IL-33 mRNA expressions versus controls were observed 
in the NP tissue derived from CRSwNP patients in mild 
and severe disease compared to NP tissue from moderate 
disease, as well as sinonasal mucosal tissue of all severi-
ties derived from both CRSnNP and CRSwNP patients, 
according to VAS scoring. The mRNA expression of IL-33 
was not related to tissue types obtained from CRSwNP 
patients. In addition, IL-5, POSTN, and IL-33 mRNA 
expression levels were negatively correlated with clini-
cal severity, while the protein levels were positively cor-
related. VAS score was found to be associated with total 
sinonasal symptom score, as well as individual symptoms 
related to the Sino-Nasal Outcome Test (SNOT)-22 [59]. 
However, previous studies indicate no significant dif-
ference in VAS score between CRSsNP and CSRwNP 
patients [60], nor any positive association between IL-33 
mRNA expression and VAS score in non-eosinophilic 
CRSwNP or in eosinophilic CRSwNP patients [11].

Conclusions
In conclusion, serum IL-5, POSTN and IL-33 levels may 
be useful for identifying CRSwNP patients and predict-
ing the disease severity. Clinical phenotyping of patients 
with CRS based on selected inflammatory markers could 
enhance the early recognition of sinus disease, thus rep-
resenting a promising new therapeutic approach.

Acknowledgements
Not applicable.

Author contributions
H.Z‑B., A.M‑S. M.P‑Z, K.M and K.B‑K wrote the main manuscript text, R.Z. 
prepared figures. All authors reviewed the manuscript. All authors read and 
approved the final manuscript.

Funding
This research received no external funding.

Availability of data and materials
All data generated or analyzed during this study are included in this published 
article.

Declarations

Ethics approval and consent to participate
The study was conducted according to the guidelines of the Declaration of 
Helsinki and ap‑proved by the Institutional Review Board (or Ethics Commit‑
tee) of the Medical University of Lodz (RNN/40/09/KB of 2009 and completion 
of Annex No. KB/2648/12/P of 2012). Written informed consent was obtained 
from all subjects involved in the study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.



Page 11 of 12Zielińska‑Bliźniewska et al. BMC Immunology           (2022) 23:33  

Author details
1 Department of Allergology and Respiratory Rehabilitation, Medical University 
of Lodz, 90‑725 Lodz, Poland. 2 Department of Computer Science in Econom‑
ics, University of Lodz, 90‑214 Lodz, Poland. 3 Department of Adult Psychiatry, 
Medical University of Lodz, 91‑229 Lodz, Poland. 

Received: 9 July 2021   Accepted: 20 June 2022

References
 1. Fokkens WJ, Lund VJ, Hopkins C, Hellings PW, Kern R, Reitsma S, 

Toppila‑Salmi S, Bernal‑Sprekelsen M, Mullol J, Alobid I, et al. European 
Position Paper on Rhinosinusitis and Nasal Polyps 2020. Rhinology. 
2020;58(S29):1–464.

 2. DeBoer DL, Kwon E. Acute Sinusitis. StatPearls [Internet]. Treasure Island 
(FL): StatPearls Publishing; 2021 https:// www. ncbi. nlm. nih. gov/ books/ 
NBK54 7701/. Assesed 09.07.2021.

 3. de Loos DD, Lourijsen ES, Wildeman MAM, Freling NJM, Wolvers MDJ, 
Reitsma S, Fokkens WJ. Prevalence of chronic rhinosinusitis in the general 
population based on sinus radiology and symptomatology. J Allergy Clin 
Immunol. 2019;143:1207–14.

 4. Chaaban MR, Walsh EM, Woodworth BA. Epidemiology and differential 
diagnosis of nasal polyps. Am J Rhinol Allergy. 2001;27:473–8.

 5. Settipane GA. Epidemiology of nasal polyps. Allergy Asthma Proc. 
1996;17:231–6.

 6. Sedaghat AR. Chronic rhinosinusitis. Am Fam Physician. 2017;96:500–6.
 7. Richer SL, Truong‑Tran AQ, Conley DB, Carter R, Vermylen D, Grammer 

LC, Peters AT, Chandra RK, Harris KE, Kern RC, et al. Epithelial genes 
in chronic rhinosinusitis with and without nasal polyps. Am J Rhinol. 
2008;22:228–34.

 8. Steinke JW, Borish L. Chronic rhinosinusitis phenotypes. Ann Allergy 
Asthma Immunol. 2016;117:234–40.

 9. Bachert C, Gevaert P, Holtappels G, Cuvelier C, Van Cauwenberge P. Nasal 
polyposis: from cytokines to growth. Am J Rhinol. 2000;14:279–90.

 10. Qin Z, Li X, Cai X, Li J, Zhu H, Ma Y, Wu S, Li X. Periostin: a novel biomarker 
for chronic rhinosinusitis. B‑ENT. 2016;12:305–13.

 11. Song W, Wang C, Zhou J, Pan S, Lin S. IL‑33 expression in chronic rhinosi‑
nusitis with nasal polyps and its relationship with clinical severity. ORL J 
Otorhinolaryngol Relat Spec. 2017;79:323–30.

 12. Adkins TN, Goodgold HM, Hendershott L, Slavin RG. Does inhaled pollen 
enter the sinus cavities? Ann Allergy Asthma Immunol. 1998;81:181–4.

 13. Gwaltney JM, Hendley JO, Phillips CD, Bass CR, Mygind N, Winther B. Nose 
blowing propels nasal fluid into the paranasal sinuses. Clin Infect Dis. 
2000;30:387–91.

 14. Stevens WW, Lee RJ, Schleimer RP, Cohen NA. Chronic rhinosinusitis 
pathogenesis. J Allergy Clin Immunol. 2015;136:1442–53.

 15. Lam K, Schleimer R, Kern RC. The etiology and pathogenesis of chronic 
rhinosinusitis: a review of current hypotheses. Curr Allergy Asthma Rep. 
2015;15:41.

 16. Lee S, Lane AP. Chronic rhinosinusitis as a multifactorial inflammatory 
disorder. Curr Infect Dis Rep. 2011;13:159–68.

 17. Van Crombruggen K, Zhang N, Gevaert P, Tomassen P, Bachert C. Patho‑
genesis of chronic rhinosinusitis: inflammation. J Allergy Clin Immunol. 
2011;128:728–32.

 18. Ahern S, Cervin A. Inflammation and endotyping in chronic rhinosinusi‑
tis—a paradigm shift. Medicina. 2019;55:95.

 19. Lucey DR, Clerici M, Shearer GM. Type 1 and Type 2 cytokine dysregula‑
tion in human infectious neoplastic and inflammatory diseases. Clin 
Microbiol Rev. 1996;9:532–62.

 20. Avdeeva K, Fokkens W. Precision medicine in chronic rhinosinusitis with 
Nasal Polyps. Curr Allergy Asthma Rep. 2018;18:25.

 21. Pawankar R, Nonaka M. Inflammatory mechanisms and remodeling 
in chronic rhinosinusitis and nasal polyps. Curr Allergy Asthma Rep. 
2007;7:202–8.

 22. Takatsu K. Interleukin‑5 and IL‑5 receptor in health and diseases. Proc Jpn 
Acad Ser B Phys Biol Sci. 2011;87:463–85.

 23. Roufosse F. Targeting the interleukin‑5 pathway for treatment of eosino‑
philic conditions other than asthma. Front Med. 2018;5:49.

 24. Pelaia C, Paoletti G, Puggioni F, Racca F, Pelaia G, Canonica GW, Heffler 
E. Interleukin‑5 in the Pathophysiology of Severe Asthma. Front Physiol. 
2019;10:1514.

 25. Gevaert P, Han JK, Smith SG, Sousa AR, Howarth PH, Yancey SW, Chan R, 
Bachert C. The roles of eosinophils and interleukin‑5 in the pathophysiol‑
ogy of chronic rhinosinusitis with nasal polyps. Int Forum Allergy Rhinol. 
2022;1–11.

 26. Ratajczak‑Wielgomas K, Dziegiel P. The role of periostin in neoplastic 
processes. Folia Histochem Cytobiol. 2015;53:120–32.

 27. Yu L, Wang J, Liu K. Role of periostin in ECRS. Eur Arch Otorhinolaryngol. 
2020;278:2665–72.

 28. Kim DK, Jin HR, Eun KM, Mo JH, Cho SH, Oh S, Cho D, Kim DW. The role of 
interleukin‑33 in chronic rhinosinusitis. Thorax. 2017;72:635–45.

 29. Reh DD, Wang Y, Ramanathan M, Lane AP. Treatment‑recalcitrant chronic 
rhinosinusitis with polyps is associated with altered epithelial cell expres‑
sion of interleukin‑33. Am J Rhinol Allergy. 2010;24:105–9.

 30. Gabryelska A, Kuna P, Antczak A, Białasiewicz P, Panek M. IL‑33 mediated 
inflammation in chronic respiratory diseases‑understanding the role of 
the member of IL‑1 superfamily. Front Immunol. 2019;10:692.

 31. Komai‑Koma M, Xu D, Li Y, McKenzie AN, McInnes IB, Liew FY. IL‑33 is a 
chemoattractant for human Th2 cells. Eur J Immunol. 2007;37:2779–86.

 32. Antunes J, Borrego L, Romeira A, Pinto P. Skin prick tests and allergy 
diagnosis. Allergol Immunopathol. 2009;37:155–64.

 33. Fokkens WJ, Lund VJ, Mullol J, Bachert C, Alobid I, Baroody F, Cohen N, 
Cervin A, Douglas R, Gevaert P, et al. EPOS 2012: European position paper 
on rhinosinusitis and nasal polyps 2012. A summary for otorhinolaryn‑
gologists. Rhinology. 2012;50:1–12.

 34. Lund VJ, Kennedy DW. Staging for rhinosinusitis. Otolaryngol Head Neck 
Surg. 1997;117:S35‑40.

 35. Pietruszewska W, Fendler W, Podwysocka M, Białas AJ, Kuna P, Kupryś‑
Lipińska I, Borowiec M. Expression of transcript variants of PTGS1 and 
PTGS2 genes among patients with chronic rhinosinusitis with Nasal 
Polyps. Diagnostics. 2021;11:135.

 36. Schmittgen TD, Livak KJ. Analyzing real‑time PCR data by the compara‑
tive CT method. Nat Protoc. 2008;3:1101–8.

 37. Cao PP, Li H, Bin Wang BF, Wang S, Bin You XJ, Cui YH, Wang DY, Desrosiers 
M, Liu Z. Distinct immunopathologic characteristics of various types 
of chronic rhinosinusitis in adult Chinese. J Allergy Clin Immunol. 
2009;124:478–84.

 38. Kubota K, Takeno S, Taruya T, Sasaki A, Ishino T, Hirakawa K. IL‑5 and IL‑6 
are increased in the frontal recess of eosinophilic chronic rhinosinusitis 
patients. J Otolaryngol Head Neck Surg. 2017;46:36.

 39. Gevaert P, Hellman C, Lundblad L, Lundahl J, Holtappels G, Van Cauwen‑
berge P, Tavernier J, Bachert C. Differential expression of the interleukin 
5 receptor α isoforms in blood and tissue eosinophils of nasal polyp 
patients. Allergy. 2009;64:725–32.

 40. Bachert C, Wagenmann M, Hauser U, Rudack C. IL‑5 synthesis is 
upregulated in human nasal polyp tissue. J Allergy Clin Immunol. 
1997;99:837–42.

 41. Gevaert P, Lang‑Loidolt D, Lackner A, Stammberger H, Staudinger H, Van 
Zele T, Holtappels G, Tavernier J, van Cauwenberge P, Bachert C. Nasal 
IL‑5 levels determine the response to anti‑IL‑5 treatment in patients with 
nasal polyps. J Allergy Clin Immunol. 2006;118:1133–41.

 42. Newton JR, Ah‑See KW. A review of nasal polyposis. Ther Clin Risk Manag. 
2008;4:507–12.

 43. Gevaert P, Van Bruaene N, Cattaert T, Van Steen K, Van Zele T, Acke F, De 
Ruyck N, Blomme K, Sousa AR, Marshall RP, et al. Mepolizumab a human‑
ized anti‑IL‑5 mAb as a treatment option for severe nasal polyposis. J 
Allergy Clin Immunol. 2011;128:989–95.

 44. Bachert C, Sousa AR, Lund VJ, Scadding GK, Gevaert P, Nasser S, Durham 
SR, Cornet ME, Kariyawasam HH, Gilbert J, et al. Reduced need for surgery 
in severe nasal polyposis with mepolizumab: Randomized trial. J Allergy 
Clin Immunol. 2017;140:1024–31.

 45. Lombardo N, Pelaia C, Ciriolo M, Della Corte M, Piazzetta G, Lobello N, 
Viola P, Pelaia G. Real‑life effects of benralizumab on allergic chronic 
rhinosinusitis and nasal polyposis associated with severe asthma. Int J 
Immunopathol Pharmacol. 2020;34:2058738420950851.

 46. Ninomiya T, Noguchi E, Haruna T, Hasegawa M, Yoshida T, Yamashita 
Y, Okano M, Yoshida N, Haruna S, Sakuma Y, et al. Periostin as a novel 
biomarker for postoperative recurrence of chronic rhinosinitis with nasal 
polyps. Sci Rep. 2018;8:11450.

https://www.ncbi.nlm.nih.gov/books/NBK547701/
https://www.ncbi.nlm.nih.gov/books/NBK547701/


Page 12 of 12Zielińska‑Bliźniewska et al. BMC Immunology           (2022) 23:33 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 47. Ishida A, Ohta N, Suzuki Y, Kakehata S, Okubo K, Ikeda H, Shiraishi H, Izu‑
hara K. Expression of pendrin and periostin in allergic rhinitis and chronic 
rhinosinusitis. Allergol Int. 2012;61:589–95.

 48. Yang H‑W, Park J‑H, Shin J‑M, Lee H‑M. Glucocorticoids ameliorate 
periostin‑induced tissue remodeling in chronic rhinosinusitis with nasal 
polyps. Clin Exp Allergy. 2018;1–6.

 49. Zhang W, Hubin G, Endam LM, Al‑Mot S, Filali‑Mouhim A, Desrosiers 
M. Expression of the extracellular matrix gene periostin is increased in 
chronic rhinosinusitis and decreases following successful endoscopic 
sinus surgery. Int Forum Allergy Rhinol. 2012;2:471–6.

 50. Maxfield AZ, Landegger LD, Brook CD, Lehmann AE, Campbell AP, 
Bergmark RW, Stankovic KM, Metson R. Periostin as a biomarker for 
nasal polyps in chronic rhinosinusitis. Otolaryngol Head Neck Surg. 
2018;158:181–6.

 51. Baba S, Kondo K, Kanaya K, Suzukawa K, Ushio M, Urata S, Asakage T, 
Kakigi A, Suzukawa M, Ohta K, et al. Expression of IL‑33 and its recep‑
tor ST2 in chronic rhinosinusitis with nasal polyps. Laryngoscope. 
2014;124:E115–22.

 52. Imoto Y, Takabayashi T, Sakashita M, Kato Y, Yoshida K, Kidoguchi M, 
Koyama K, Adachi N, Kimura Y, Ogi K, et al. Enhanced 15‑lipoxygenase 1 
production is related to periostin expression and eosinophil recruitment 
in eosinophilic chronic rhinosinusitis. Biomolecules. 2020;10:1568.

 53. Zhang L, Jiang LL, Cao ZW. Interleukin‑33 promotes the inflammatory 
reaction in chronic rhinosinusitis with nasal polyps by NF‑κB signaling 
pathway. Eur Rev Med Pharmacol Sci. 2017;21:4501–8.

 54. Ahmadi M, Fathi F, Fouladi S, Alsahebfosul F, Manian M, Eskandari N. 
Serum IL‑33 level and IL‑33 IL1RL1 gene polymorphisms in asthma and 
multiple sclerosis patients. Curr Mol Med. 2019;19:357–63.

 55. Amodu EJ, Fasunla AJ, Akano AO, Olusesi AD. Chronic rhinosinusitis: cor‑
relation of symptoms with computed tomography scan findings. Pan Afr 
Med J. 2014;18:40.

 56. Kariya S, Okano M, Higaki T, Noyama Y, Haruna T, Ishihara H, Makino T, 
Onoda T, Nishizaki K. Chronic rhinosinusitis patients have decreased lung 
function. Int Forum Allergy Rhinol. 2014;4:828–33.

 57. Kim JY, Han YE, Seo Y, Choe G, Kim MK, Huh G, Cho D, Yang SK, Kang 
SH, Kim DW. Revisiting the clinical scoring system for the prognosis of 
chronic rhinosinusitis with nasal polyps. Yonsei Med J. 2019;60:578–84.

 58. Garneau J, Ramirez M, Armato SG, Sensakovic WF, Ford MK, Poon CS, 
Ginat DT, Starkey A, Baroody FM, Pinto JM. Computer‑assisted staging of 
chronic rhinosinusitis correlates with symptoms. Int Forum Allergy Rhinol. 
2015;5:637–42.

 59. Doulaptsi M, Prokopakis E, Seys S, Pugin B, Steelant B, Hellings P. Visual 
analogue scale for sino‑nasal symptoms severity correlates with sino‑
nasal outcome test 22: paving the way for a simple outcome tool of CRS 
burden. Clin Transl Allergy. 2018;8:32.

 60. Zhao L, Yu KN, Tan JL, Zhang HL, Jin P, Zi XX, Tu YY, Li T, Zhou XM, Shi 
L, et al. Severity of rhinosinusitis: comparison between visual analog 
scale given by patients and otorhinolaryngologists. Am J Rhinol Allergy. 
2020;34:734–41.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	Serum IL-5, POSTN and IL-33 levels in chronic rhinosinusitis with nasal polyposis correlate with clinical severity
	Abstract 
	Background: 
	Materials and methods: 
	Results: 
	Conclusion: 

	Introduction
	Materials and methods
	Subjects
	Tissue collection and serum preparation
	Histological analysis
	Assessment of total IgE in serum
	RNA isolation and quality assessment
	cDNA synthesis
	Quantitative reverse transcription PCR (RT-qPCR)
	Enzyme-linked immunosorbent assay (ELISA)
	Statistical analysis

	Results
	Total IgE concentrations
	mRNA Expression Analysis
	Correlation of IL-5, POSTN, and IL-33 mRNA expression with disease severity
	Protein level analysis
	Correlation of serum IL-5, POSTN and IL-33 level with disease severity

	Discussion
	Conclusions
	Acknowledgements
	References


