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Introduction: Studies have shown that calprotectin has
a strong pro-inflammatory effect. Elevated calprotec-
tin levels in the serum can be used as a strong clinical
marker indicating the presence of inflammation. Objec-
tive: To investigate serum calprotectin levels in patients
with chronic rhinosinusitis (CRS) and to determine the
applicability of calprotectin as a potential molecular pro-
inflammatory biomarker for CRS. Methods: The study
consisted of three groups: chronic rhinosinusitis with
polyps (CRSWNP group), chronic rhinosinusitis without
polyps (CRSwoNP), and healthy control. CRS patients
with polyps were further divided into two groups de-
pending on the presence/absence of Samter’s triad. The
Nose Obstruction Symptom Evaluation (NOSE) scale
score and serum calprotectin value were evaluated in all
participants. Results: The mean serum calprotectin value
was 79.5+11.8 ng/ml for the CRSWNP group, 71.3£16 ng/
ml for the CRSwoNP group, and 61.9+11.6 ng/ml for the
control group (p<0.001). The Samter’s triad group had
a significantly higher calprotectin value than the non-
Samter’s triad group (p=0.03). There was a significant
correlation between the NOSE scores and calprotectin
levels (rho=0.734, p<0.001). Conclusion: Serum calpro-
tectin values were correlated with the severity of symp-
toms in patients with CRS; thus, it seems to be a valu-
able pro-inflammatory biomarker for the diagnosis of
the disease and determining its severity. Further studies
with larger series are needed to evaluate the preopera-
tive and postoperative serum calprotectin values in pa-
tients undergoing surgery.
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INTRODUCTION

Calprotectin is a heterodimer complex of ST00A8 and
S100A9 proteins that are members of the S100 protein
family (Kato e al, 2017). It is a cytosolic protein com-
plex of human neutrophils and also has bacteriostatic
properties (Vogl ez al., 2007). Calprotectin is expressed
during myeloid differentiation, is abundant in neutrophil
granulocytes and monocytes. Myeloid cells, which are
developed in the bone marrow, migrate in large amounts

into the blood and further into tissues in many diseases
and conditions, like cystic fibrosis, rtheumatoid arthritis
and many inflammations and malignant diseases. Thus,
elevated calprotectin levels in the serum can be used as a
strong clinical marker indicating the presence of inflam-
mation (Loser ez a/, 2010). Studies have shown that cal-
protectin has a strong pro-inflammatory effect (Dale ez
al., 1989; El-Rifai ez al., 2002). In case of inflammation,
increased calprotectin has also been reported in patho-
logical tissue (nasal lavage fluid, exudates, autoimmune
diseases, etc.) (Brahian ez a/, 2009; Tieu ef al., 2010). It
is also suggested that if a high concentration of calpro-
tectin is present in the body fluid at local inflammatory
sites, this might cause a delay in tissue repair and a del-
eterious effect on the inflamed tissue (Yui ez al., 2003).

Chronic  rhinosinusitis (CRS) with nasal polyps
(CRSwNP) is a disease accompanied by chronic inflam-
matory conditions in the upper airways, which seriously
impair the quality of life of the patient (Bachert ez al,
2010). Various factors, such as viral and bacterial agents
(Van Zele et al., 2004; Patou e al., 2008), epithelial bat-
rier disorders, and tissue remodeling (Zhang ez al., 2010;
Van Bruaene ¢f al., 2011; Van Crombruggen e al., 2013)
play a role in the etiology of CRSwNP. However, the
pathophysiology of CRSwNP has not yet been clearly
elucidated (Van Crombruggen et al, 2011). The coexist-
ence of nasal polyps, asthma and aspirin allergy is called
Samter’s triad and leads to more severe and persistent
complaints related to nasal polyps (Kim ez 4/, 2007). In
a randomized, case-control study by Dutu and others
(Dutu ¢t al., 2018), the authors focused on the evalua-
tion of serum chitotriosidase (Cht) and 25-hydroxyvi-
tamin D3 (25-OH-D3) as potential biomarkers of CRS
associated inflammation, and it was reported that serum
Cht activity was significantly increased in CRS patients,
compared to the controls, while 25-OH-D3 levels were
significantly decreased in patients, versus controls. To
the best of our knowledge, there is currently no test that
provides information at the onset of complaints about
the possible severity during the course of the disease.

There are only a limited number of studies on the
role of calprotectin in the mechanism of upper airway
inflammation (Van Crombruggen e/ al., 2016; Kuzucu ef
al., 2019). The current study aimed to measure the se-
rum calprotectin levels in patients with sinonasal disease
and determine the applicability of calprotectin as a po-
tential molecular biomarker for CRS.

MATERIALS AND METHODS

This prospective, cross-sectional, historical cohort study
was approved by the local ethics committee and carried out
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Table 1. Demographic features of patients

Variables CRSwWNP Group (n:26) CRSwoONP Group (n:24) Control Group (n:27) p
Age (years) 43+17 46+16 40+14 0.45%
(Mean +S.D.) - - - :
Gender, n

Female 12 11 14

0.88**

Male 14 13 13
Smoking, n

Yes 10 8 8 B

No 16 16 19
Samter’s Triad, n

Yes 6 0 0 _

No 20 24 27

CRSWNP, chronic rhinosinusitis with nasal polyps; CRSwoNP, chronic rhinosinusitis without nasal polyps; S.D., standard deviation. *One-way anal-

ysis of variance. **Kruskal-Wallis analysis

in accordance with the ethical principles of the Helsinki
Declaration. The study was conducted with volunteers in a
single center between July 2018 and January 2019.

Volunteers were divided into three groups: The first
group comprised patients diagnosed with CRS and
found to have nasal polyps on endoscopic nasal exami-
nation (CRSwNP); the second group consisted of those
diagnosed with chronic rhinosinusitis without nasal pol-
yps (CRSwoNP) on endoscopic nasal examination; and
the last group was formed by healthy controls. The de-
mographic and clinical information was obtained from
the participants, and their medical records, age, gender,
smoking status, presence of asthma, aspirin-induced res-
piratory status, and Samter’s triad were noted.

The patients in the CRSwNP group were also evalu-
ated separately by further dividing them into sub-groups
depending on the presence or absence of Samter’s triad
(nasal polyps, aspirin allergy, and asthma).

The Nose Obstruction Symptom Evaluation (NOSE)
scale, consisting of five items that measure the effect of
the disease on quality of life based on five points (0 to
4), was verbally administered to the participants. The re-
sults of the scale were multiplied by five; thus, the maxi-
mum NOSE score was 100.

Individuals under 18 or over 65 years of age, those
with inverted papilloma, cystic fibrosis, sinonasal granu-
lomatosis, any autoimmune disease, a history of acute or
chronic infection or symptoms of infection, hyperten-
sion, angina pectoris, myocardial infarction, diabetes mel-
litus, metabolic syndrome, chronic obstructive pulmo-
nary disease, amyloidosis, chronic renal failure, or cancer,
those that had used oral steroids within the past month,
and pregnant women were excluded from the study.

Laboratory Analysis. Before starting treatment, the
serum calprotectin value was examined in venous blood
collected in the morning after eight-hour fasting. The
calprotectin measurement was performed using a Human
CALP (calprotectin) ELISA kit on a Chemwell 2900 (Al-
gen) analyzer. The results were reported in ng/mL. The
intraassay and interassay coefficient variation (CV%) val-
ues were found as 3.92 and 4.76, respectively. All sam-
ples were analyzed in duplicate, and the mean values
were used for statistical analysis.

Statistical Analysis. The results were presented as
mean T standard deviation (S.D.). We confirmed the
normal distribution of the data using the Kolmogor-
ov-Smirnov normality test (p=0.2). To compare the

mean ages of the groups, we used one-way analysis of
variance, and to compare the gender (ordinal variable)
distribution of the groups, we conducted the Krus-
kal-Wallis analysis. To assess the homogeneity of vari-
ances, we used the Levente test (p=0.012).

The calprotectin levels of three groups were compared
using the Welch analysis of variance. For advanced pairwise
comparisons, Tamhane T2 was employed as a post- hoc
test. Student’s #test was undertaken to compare the differ-
ences between the patients with and without Samter’s triad
and those between smokers and non-smokers. The associa-
tion between the NOSE score (ordinal variable) and calpro-
tectin levels was evaluated using the Spearman correlation
test. We performed the statistical analysis using SPSS 16.0
software for Windows (SPSS, Inc., Chicago, IL), consider-
ing a P value of less than 0.05 as statistically significant.

RESULTS

There were a total of 77 participants, 40 males (52%)
and 37 females (48%). The age of the participants ranged
from 26 to 62 years. The mean age and gender distribu-
tion did not significantly differ between the three groups
(»p=0.45 and p=0.88, respectively). The demographic fea-
tures of the study sample are shown in Table 1.

The mean serum calprotectin value was 79.5£11.8
ng/ml for the CRSwNP group, 71.3116 ng/ml for the
CRSwoNP group, and 61.9%111.6 ng/ml for the control
group. The Welch analysis of variance revealed that the
mean calprotectin levels significantly differed between
the groups (p<<0.001) (Table 2). The post-hoc compari-
son tests showed that the mean calprotectin level of the
CRSwNP group was significantly higher compared to the
control group (p<<0.001), but did not significantly differ
from that of the CRSwoNP group (p=0.13). Addition-
ally, the mean calprotectin level of the CRSwoNP group
was higher than that of the control group, but this was
not statistically significant (p=0.06) (Table 2).

Samter’s triad was detected in six patients in the CRSwNP
group. The mean calprotectin value was 88.5210.1 ng/ml
for the patients with Samter’s triad and 76.8+11.1 ng/ml
for the remaining patients in the CRSwNP group, which
indicated a statistically significant difference between these
two subgroups (p=0.03) (Table 3).

There was no significant difference between the mean
calprotectin levels of smokers and non-smokers (p=0.4)
(Table 4).
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Table 2. Comparison of the mean calprotectin levels between groups

CRSWNP Group' (n:26)

CRSwoNP Group? (n:24)

Control? (n:27)

Mean £S.D. Mean £S.D. Mean £S.D. p
0.001*
) -2p=0.13**
Calprotectin (ng/ml) 79.5+11.8 71.3%16 61.9%11.6 23p=0.06**
1-3p<0.001**

CRSWNP, Chronic rhinosinusitis with nasal polyps; CRSwoNP, chronic rhinosinusitis without nasal polyps; S.D., standard deviation. *Welch analysis of

variance, **Tamhane T2 post-hoc test

Table 3. Calprotectin levels in CRWNP patients with and without
Samter’s triad

Mean calprotectin levels

(ng/ml) £S.D.
With Samter’s Triad (n=6) 88.5+10.1
Without Samter’s Triad (n=20) 76.8+11.1
p 0.03

CRSWNP, Chronic rhinosinusitis with nasal polyps; S.D., standard devia-
tion; *Student’s t-test

Table 5. Comparison of the mean NOSE scores between groups

Table 4. Calprotectin levels of smoker and non-smoker patients
with CRS

Mean calprotectin levels

(ng/ml) £S.D.
Smokers (n=18) 77.9+144
mlr\lon—smokers (n=32) 74.3+£14.5
p 0.40°

CRS, Chronic rhinosinusitis; S.D., standard deviation; *Student’s t-test

CRSWNP Group (n:26)

CRSwoNP Group (n:24)

Control (n:27)

Mean £S.D. Mean +S.D. Mean £S.D. p
<0.001*
NOSE score 75+9.8 63.75+15.0 32.77+6.8 Rho: 0.734%*

CRSWNP, Chronic rhinosinusitis with nasal polyps; CRSwoNP, chronic rhinosinusitis without nasal polyps; S.D., standard deviation; *Welch analysis of

variance; **Spearman correlation test
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Figure 1. Scatter plot showing relationship between the NOSE
scores and Calprotectin levels of the participants.

The many small circles represent the plotted values obtained for
each of the variables while the line represents the best fit for the
correlation between them.

The mean NOSE score was calculated as 75%9.8,
63.75115 and 32.77£6.8 in CRSwNP, CRSwoNP and
control groups, respectively. Furthermore, a signifi-
cant positive correlation was found between the NOSE
scores and calprotectin levels of the participants (rho:
0.734, p<0.001) (Table 5; Fig. 1).

DISCUSSION

In recent years, a growing number of studies have
been undertaken to investigate the relationship between
the serum calprotectin value and inflammatory upper

respiratory tract diseases. In a study conducted with 44
participants, the authors compared the serum calprotec-
tin values of idiopathic sudden sensorineural hearing loss
(ISSHL) cases with healthy participants. The serum cal-
protectin levels of patients with ISSHIL. were found to
be higher than healthy individuals. The authors also not-
ed that the serum calprotectin value of the patients who
did not recover from the disease was significantly higher
compared to those with partial or total recovery (Kuzu-
cu e al., 2019). In another study, the serum calprotectin
levels were examined in CRSwNP patients, and it was
reported that calprotectin within the cells was transferred
to the extracellular matrix due to inflammation; thus,
it was elevated in the serum (Van Crombruggen e al.,
2016). In the current study, we analyzed the serum cal-
protectin value in patients with CRSwNP and CRSwoNP
and also compared the serum calprotectin values in
CRSwNP patients with and without Samter’s triad. Sim-
ilar to the study by Crombruggen ef al, we found that
the serum calprotectin levels of the CRSwNP patients
were higher than those of the CRSwoNP patients and
healthy individuals, and additionally, the serum calprotec-
tin was higher in CRSwNP patients with Samter’s triad
compared to those without this condition. We consider
that this may be caused by the presence of an addition-
al disease; i.e., asthma triggering inflammation and na-
sal polyp complaints being more severe in patients with
Samter’s triad.

In ultrastructural analysis, mast cell degranulation,
which is responsible for high histamine levels in polyp
fluids, has been shown to contribute to the formation
of nasal polyps. Mast cells have mucosal and connec-
tive tissue types. In addition, basophils circulating in
blood are transferred to tissues where they are trans-
formed into mast cells (Naclerio ef a/, 2017). In a pre-
vious study that investigated the serum secreted protein
acidic and cysteine-rich (SPARC) value in 26 patients
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with CRSwWNP before and after endoscopic sinus sut-
gery (ESS), the postoperative serum SPARC value was
decreased by 33%, but the authors noted that it was
not possible to use SPARC to predict the course of the
disease after ESS (Asmar ef al, 2019). In another study,
the authors sought an answer to the question of whether
the serum periostin value could be used to determine
the nasal polyp load in CRSwNP patients and found the
level of this protein to be higher in CRSwNP patients
compared to the CRSwoNP group. The researchers con-
cluded that the serum periostin value could be used as a
new molecular biomarker in the presence of nasal polyps
(Maxfield ez al, 2018). In the current study, we inves-
tigated the applicability of serum calprotectin as a bio-
marker in the presence of nasal polyps in patients with
CRS. We also examined the serum calprotectin levels ac-
cording to the presence/absence of Samtet’s triad. Our
results showed that the serum calprotectin values were
increased in the presence of Samter’s triad compared to
the CRSwNP patients without Samter’s triad.

There are studies showing that the NOSE scale pro-
vides results consistent with computed tomography and

hysical examination findings in nasal surgery (Rhee ez
al., 2003; Kahveci e/ al., 2012). In a study that included
27 patients, the NOSE scale and septum deviation data
on paranasal tomography were compared and found to
be consistent (Rhee e/ al, 2003). Similarly, in another
study, 345 patients were screened retrospectively, and
the reliability of the NOSE score in revealing nasal
obstruction was investigated. As a result, NOSE was
shown to be a reliable instrument for the classification
of nasal congestion complaints (Lipan ef 4/, 2013). In
light of these studies, we decided to standardize the pa-
tients’ complaints of nasal congestion using the NOSE
scale. We found a correlation between the NOSE scale
scores and serum calprotectin values. Among the pa-
tients with CRS, nasal obstruction complaints were ob-
served to be increased, particulatly in those presenting
with nasal polyps, which, in turn, elevated the serum
calprotectin levels.

In this study, the serum calprotectin levels of the
CRSwNP patients were significantly higher than those
of the control group. At the same time, within the
CRSwNP group, the serum calprotectin value was higher
among the patients with Samter’s triad compared to the
remaining patients. In the light of these values, it can be
stated that the serum calprotectin value is increased with
the increasing severity of CRS. In addition, the serum
calprotectin value is elevated in parallel to the increase
in the NOSE scale score; i.ce., it is higher in patients with
the complaints of nasal congestion.

In this study, there are two issues to be addressed.
First, the sample was relatively small to reach a widely
accepted conclusion. A more extensive sutvey of cases
would be beneficial. Second, the influence of serum cal-
protectin levels on the patient response to treatment or
prognosis needs to be studied. In future work, we aim
to investigate whether serum calprotectin values can be
used as a prognostic factor for CRS.

CONCLUSION

In conclusion, we observed an increase in the serum
calprotectin value in cases with CRS, and the severity of
CRS symptoms correlated with the value of serum cal-
protectin. We recommend that a similar study should be
undertaken with a larger case series to evaluate the pre-

operative and postoperative serum calprotectin values in
patients undergoing endoscopic sinus surgery.
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