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Background and Objectives This study analyzes the relationship between endotype bio-
markers and the type of tissue inflammation in chronic rhinosinusitis (CRS) in order to obtain
a more accurate division of disease groups and appropriate therapy.
Subjects and Method We carried out a cross-sectional study involving 33 samples of CRS
patients. We conducted enzyme-linked immunosorbent assay to examine endotype biomark-
ers and histopathology methods to examine tissue inflammation.
Results Statistical analysis with an independent t-test showed significant differences with
respect to eosinophil cationic protein (ECP) between the eosinophilic and neutrophilic groups
(p<0.05), whereas there were no significant differences between the two groups (p>0.05) with
respect to Charcot—Leyden crystal (CLC), interleukin-5 (IL-5), interferon gamma (IFN-y), in-
terleukin-17A (IL-17A), and oncostatin M (OSM). The Spearman test showed also showed that
ECP, CLC, IL-5, IL-17A, IFN-y and OSM had no significant correlation with the two groups
(p>0.05). The receiver operating characteristics analysis showed the optimal cut-off value of
ECP of 342.22 pg/mL with sensitivity and specificity of 72.7% for determining the inflamma-
tion type (area under cover=0.78, p=0.009).
Conclusion The higher level of ECP was more likely to be found in the eosinophilic tissue
inflammation. Consequently, we propose using ECP as the main biomarker to identify the CRS
type 2. Further research with a larger sample size is required for cut-off points of ECP in order
to determine the endotype of CRS.
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Introduction

Chronic rhinosinusitis (CRS) is a complex disease associat-
ed with morbidity and reduced quality of life caused by clin-
ical symptoms of CRS that interfere with individual produc-
tivity and rest time. Moreover, CRS is also associated with a
high economic burden because it requires long-term medical
costs as well as indirect costs caused by the loss of produc-
tivity.” CRS is a health problem that affects up to 15% of the
population in western countries.” The CRS epidemiology in
various regions also varies widely which might be related to

This is an Open Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License (https://creativecommons.org/licenses/by-nc/4.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

geographic and environmental variations.” The understand-
ing of the endotype in CRS has changed the strategy for CRS
therapy. However, finding suitable biomarkers which can re-
liably define type 2 and non-type 2 inflammation to predict re-
sponse to treatment remains to be a challenge. The CRS en-
dotype depends on the pathophysiological mechanism of the
type of tissue inflammation.” Studies focusing on endotype
biomarkers have recently captured more various inflammation
response of CRS based on the cytokine profiles.” The number
of eosinophils and neutrophils is used as a marker of the type
of inflammation. In order to understand the mechanisms un-
derlying CRS, it is important to find out which endotype bio-
markers matched the inflammatory type underlying the dis-
ease phenotype. Thus, this study was developed to explore
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biomarkers associated with CRS.

Biomarkers that play an important role in type 2 endotype
include interleukin-5 (IL-5), which is the main cytokine in
eosinophil differentiation, maturation, toxicity, activation and
survival. Eosinophil cationic protein (ECP) is a marker of eo-
sinophil activation and contributes to airway epithelial dam-
age, hypersecretion of goblet cell mucus, and damage to cili-
ary movement. Charcot—Leyden crystal (CLC) is the main
biomarker of eosinophilic inflammation in the airways. CLC
can suppress and inhibit T-regulation cell activity thereby af-
fecting immune tolerance during inflammation.” Non-type
2 endotypes include type 1 and type 3 inflammation. Type 1
endotype is characterized by the cytokine interferon gamma
(IFN-y) which induces cell apoptosis. sinonasal epithelium
and stimulate neutrophil activity.” Type 3 endotype is char-
acterized by the cytokine interleukin-17A (IL-17A) which
can modulate neutrophil survival.” Oncostatin M (OSM) is a
neutrophil product that can interfere with epithelial barrier
function by reducing the expression of tight junction protein
cells epithelium.” There has been no standardized guideline
for determining normal values for CRS endotype parame-
ters. Therefore, this research was designed to explore the re-
lationship between endotype biomarkers and the type of tis-

sue inflammation in CRS.

Subjects and Methods

This was a cross-sectional study between April 2022 and
February 2023 in Otorhinolaryngology Head and Neck Sur-
gery Department. This study was approved by the Saiful
Anwar Public Hospital Ethical Committee (No. 400/162/
K.3/102.7/2022). A written informed consent was obtained
from the patients. Inclusion criteria were adult patients over
18 years who met the criteria for the diagnosis of primary
CRS based on symptoms and clinical features according to
2020 European Position Paper on Rhinosinusitis and Nasal
Polyps (EPOS), characterized by two or more symptoms, one
of which should be either nasal blockage or nasal discharge,
+facial pain/pressure, treduction or loss of smell, endoscopic
findings such as nasal polyps, and/or mucopurulent discharge
primarily from middle meatus and/or mucosal obstruction pri-
marily in middle meatus and/or CT scan changes such as
mucosal changes within the ostiomeatal complex and/or si-
nuses. Exclusion criteria were CRS patients that only involved
the posterior paranasal sinuses (posterior ethmoid sinus and
sphenoid sinus), had previously undergone functional endo-
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scopic sinus surgery (FESS) procedures and had used corti-
costeroids or antibiotics within four weeks to sample collec-
tion. Samples of nasal mucosa were taken with uncinectomy
as part of FESS procedure indicated in these patients.

Paraffin block was made using paraffin cutter (Leica Bio-
systems, Deer Park, TX, USA) Tissue inflammation type of
eosinophilic or neutrophilic was determined based on the av-
erage number of eosinophils and neutrophils in the lamina
propria layer in ten fields of view that have the most infiltra-
tion of cells seen under a binocular light microscope CX21
(Olympus, Tokyo, Japan) with 400 times magnification. Ac-
cording to Wicaksana, et al.;” the type of tissue inflamma-
tion can be assessed based on the ratio neutrophil eosinophil
(RNE) which is defined as the ratio between the average num-
ber of neutrophils and the average number of eosinophils. If
the RNE is more than 2.8 it indicates neutrophilic tissue in-
flammation and the RNE is less than equal to 2.8 it indicates
eosinophilic inflammation.

The endotype of the tissue was determined using several
biomarkers. The type 2 endotype was marked with CLC and/
or ECP and/or IL-5 biomarkers. While the non-type 2 endo-
types characterized by the IFN-y, IL-17A and OSM biomark-
ers. The CLC, ECP, IL-5, IFN-y, OSM and IL-17A mucosal
tissues of the uncinate process of CRS patients were examined
by enzyme-linked immunosorbent assay (ELISA) method.
The ELISA Kit 96T CLC, ECP, IL-5, IFN-y, OSM dan IL-17A
from Finetest and Microplate reader (ZENIX-320; Zenix,
Taoyuan, Taiwan) were used in this study. The data obtained
from the ELISA examination is in the form of numbers, to de-
termine the normal value limit it will be analyzed statistical-
ly using the receiver operating characteristics (ROC) curve.
All of the sample was processed and analyzed in the anatomi-
cal pathology laboratory by an anatomical pathologist.

Statistical analysis for comparison between endotype bio-
markers in each group of tissue inflammation types will be
analyzed using an independent t-test. The correlation between
endotype biomarkers and the type of tissue inflammation was
analyzed using Spearman, both for type 2 and non-type 2 en-
dotypes. The results of the data analysis will be made in cat-
egorical form by constructing a ROC curve to determine the
cut off of endotype biomarkers. The relationship between en-
dotype biomarker data and the type of tissue inflammation in
chronic rhinosinusitis will be analyzed by chi-square. Risk
factor is calculated with a limit if >1 is considered a risk fac-
tor. A 95% confidence interval with p<0.05 was considered
to be statistically significant. All analysis was performed with
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SPSS version 25 for Mac (IBM Corp., Armonk, NY, USA).

Results

A total of 33 patients with primary chronic rhinosinusitis
was included in this study the mean age of 38.4+15.3 years.
There were 12 male and 21 female included in this study. The
main symptoms observed among the patients were nasal ob-
struction, rhinorrhea, and facial pain. The mean symptoms
duration was 91.2+110 weeks. The demographic and clinical
characteristics details can be seen in Table 1.

There was a higher number of females in the eosinophilic
type (72.7%) compared to the neutrophilic type (45.5%), how-
ever, there was no statistically significant difference between
the groups. The age range for the inflammatory type of eosin-
ophilic tissue was 51 (18—68) years while for the inflammato-
ry type of neutrophilic tissue was 28 (20—56) years and there
was no significant difference in age criteria between the two
types of inflammation. The complaints experienced by the eo-
sinophilic inflammatory type group were more varied. While,
the neutrophilic type showed nasal blockage and rhinorrhea

However, there was no significant difference in main symp-

toms between the two groups The symptom duration range in
the eosinophilic and neutrophilic inflammatory type group
ranged from 36 (12—416) and 52 (12—416), respectively. There
was no significant difference based on the duration of symp-
toms. There was no difference in the biomarker expression of
CLC, IL-5, IFN-y, IL-17A, and OSM between the eosinophilic
and neutrophilic groups. The significant difference in the type
2 endotype biomarker of ECP was observed between the eo-
sinophilic type (392.68+130.21 pg/mL) and neutrophilic type
(274.59+103.22 pg/mL). Further details can be seen in Table 1.
The comparison of the biomarkers’ expression based on the in-
flammation types can be seen in Fig. 1.

There was no correlation between ECP, CLC, IL-5, IFN-y,
IL-17A, and OSM with eosinophilic type inflammation. Sim-
ilar result also found for the correlation of ECP, CLC, IL-5,
IFN-y, IL-17A, and OSM with neutrophilic type inflamma-
tion. The result of correlation analysis can be seen in Table 2.

The ROC analysis showed the optimal cut-off value of ECP
of 342.22 pg/mL with a sensitivity and specificity of 72.7%
for determining the inflammation type (area under cover=
0.78, p=0.009) (Fig. 2). Based on the cut-off value, the analysis
of the association between the ECP and inflammation type

Table 1. Demographics and endotyping biomarkers of patients with primary chronic rhinosinusitis and characteristics based on the in-

flammation type

. All Inflammation type
Variable (n=33) _ - = =
(n=33) Eosinophilic (n=22) Neutrophilic (n=11) p-value
Sex 0.149*
Male 12 (36.4) 6(28.6) 6 (54.5)
Female 21 (63.6) 16 (72.7) 5(45.5)
Age (years) 38.4+15.3 42.4+15.3 30.2+11.8 0.660"
Symptom duration (weeks) 91.2+£110 92.1+128.9 110+£136.3 0.376t
Main symptoms 0.809+
Nasal blockage 18 (54.5) 11 (50.0) 7 (63.6)
Rhinorrhea 8(24.2) 4(18.2) 4 (36.4)
Pain 6(18.2) 6(27.3) 0(0)
Anosmia 0(0) 00 0(0)
Orbital edema 1@3.1) 1(4.5) 0 (0)
Type 2 endotype biomarker (pg/mL)
ECP 353.31+£132.87 392.68+130.21 274.59+£103.22 0.009*
CLC 0.49+0.36 0.42+0.32 0.35+0.20 0.4068
IL-5 64.87£92.46 87.23+9.56 46.69 £90.40 0.4207
Non-type 2 endotype biomarker (pg/mL)
IFN-y 20.27 £5.53 20.09+3.87 20.93+8.33 0.8411
IL-17A 49.92+33.56 50.60+45.87 48.06+26.99 0.420t
OSM 292.35+40.26 405.33+440.61 229.12+446.06 0.276%

Data are presented as n (%) or mean +standard deviation. *Fisher's exact test; TMann-Whitney test; *Kruskal-Wallis test; Sindepen-
dent t-test. ECP, eosinophil cationic protein; CLC, Charcot-Leyden crystal; IL, interleukin; IFN-vy, interferon gamma; OSM, on-

costatin M
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Biomarkers expression level based on the inflammation types
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Fig. 1. The chart diagram showing the comparison of biomarkers
expression in eosinophilic and neutrophilic chronic rhinosinusitis.
There were significant differences in the ECP type 2 endotype bio-
markers, while the other biomarkers did not have significant. OSM,
oncostatin M; IL, interleukin; IFN-y, interferon gamma; CLC, Char-
cot-Leyden crystal; ECP, eosinophil cationic protein.

Table 2. The correlation analysis of endotype biomarkers with the
eosinophilic and neutrophilic inflammation type

. Eosinophilic Neutrophilic
Biomarkers > 2
P R P R
Type 2, mean+SD
ECP 0.158 0.030 0.515 0.009
CLC 0.839 0.008 0.564 0.001
IL-5 0.889 0 0.477 0.014
Non-type 2, mean+SD
IFN-y 0.373 0 0.886 0.010
IL-17A 0.464 0.014 >0.999 0.008
OSM 0.795 0 0.492 0.008

SD, standard deviation; ECP, eosinophil cationic protein; CLC,
Charcoft-Leyden crystal; IL, inferleukin; IFN-y, interferon gam-
ma; OSM, oncostatin M

showed a higher proportion of ECP biomarkers more than
342.22 pg/mL in the eosinophilic group compared to neutro-
philic group. However, it was not statistically significant (p=
0.46). The crosstabulation between the inflammation type

and ECP with determined cut-off can be seen in Table 3.

Discussion

The eosinophilic inflammation was predominantly found
in females, while neutrophilic inflammation have a relatively
similar proportion of male and females subjects. From the
available data, heterogeneity of sex prevalence in CRS cases
was obtained which was influenced by several factors such
as environmental, hormonal and geographical. However, fur-
ther studies are needed to determine the possible role of psy-
chosocial, cultural and economic factors responsible for gen-
der differences.'” The duration was related to the severity and
the patients behavior to seek medical treatment. Based on a

—
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Fig. 2. The receiver operating characteristics curve of eosinophil
cationic protein biomarker. Area under cover=0.78, p=0.009. Sen-
sitivity and specificity of 72.7%.

Table 3. The crosstabulation between the inflammation type and
eosinophil cationic protein (ECP) with cut-off value of 342.22 pg/mL

. ECP
Inflammation type 34525 <342.22 P
Eosinophilic 14 (63.6) 8 (36.4) 0.459
Neutrophilic 5 (45.5) 6 (54.5)

Data are presented as n (%)

study conducted by Kato, et al.;"” where eosinophilic inflam-
mation was associated with high recurrence and more severe
disease severity in both CRS with and without nasal polyps.
In this study, the main complaints were dominated by nasal
congestion or blockage in both the neutrophilic and eosino-
philic groups. According to the 2020 EPOS, the diagnostic
criteria based on the main symptoms of CRS are nasal con-
gestion and rhinorrhea,” where these two complaints are
also complaints that are often experienced in the subjects of
this study.

This study found that ECP in the eosinophilic group was
significantly higher than the neutrophilic group. The ECP
alone is considered an accurate marker of eosinophil inflam-
mation. This is supported by several studies such as research
conducted by Yang, et al.;"” who found that eosinophilic in-
flammation characterized by ECP can cause downregulation
of transforming growth factor (TGF) which is one of the bio-
markers of neutrophilic inflammation markers and conversely
neutrophilic inflammation can release 1L-8 which causes an
increase in TGF expression. This can also be seen based on
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the histological picture in CRS patients where there is tissue
edema with eosinophil infiltration which is characterized by
the increased in the ECP expression. Research conducted by
Bachert, et al.;"” found that there was a strong relationship be-
tween IL-5 and ECP which is a marker of eosinophil activa-
tion. In this study, it was found that there was a significant dif-
ference between ECP levels in the eosinophilic group and the
neutrophilic group. However, the increase in ECP biomarker
levels was not followed with the increase in the number of
cosinophils in the tissue.” This occurs because eosinophils
undergo degranulation and produce ECP, the morphological
characteristics of these eosinophils will be different from those
of eosinophils in general, so they have the potential to be un-
detectable by hematoxylin eosin staining.

Studies regarding the ECP cut-off value associated with eo-
sinophils in sinus tissue are very limited. ECP is more often
used as a ratio compared to myeloperoxidase to define the type
of inflammation or used to compare two groups of endotypes.
However, there is a study conducted by Lou, et al.;'” stating
that ECP is a biomarker that is considered more accurate in
assessing eosinophil infiltration, where in this study ECP lev-
els were assessed based on previous research conducted by
Tan, et al.;'” using 95th percentile of preexisting control of
ECP. The results found different ECP levels in the two control
groups, namely >131.5 ng/mg and >289.75 ng/mg. This was
differed with our result for cut-off value of 342.22 pg/mL with
42.4% accuracy. This difference indicates that ECP levels
have various values in the control group and the number of
samples also affects the cut-off value. Therefore, a multicen-
tre study is needed to determine criteria that can be used in
general in determining biomarker cut-off in CRS endotypes.

In this study, there was no significant difference of the CLC
levels between the eosinophilic and neutrophilic groups, which
might be explained by the ability of CLC to induce neutrophil
activation. The study conducted by Delemarre, et al.;"® found
that there was a relationship between CLC and the induction
and process of neutrophilic inflammation in CRS with nasal
polyps. In addition, this study also found that there was no
correlation between IL-17 levels and the neutrophil count of
CRS patients with nasal polyps. The neutrophilic protease
clastase and cathepsin G were increased in CRS with type 2
endotype. This suggests that neutrophils are not only more
frequently found in type 2 endotypes, but also have a higher
potential to influence local inflammation through increased
proteolytic activity. Elastase and cathepsin G are known to
increase the secretion and activation of IL-1 and IL-33 cyto-
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kines, these cytokines are the main cytokines in the induction
of type 2 responses because they function in activation of T-
helper 2 (Th2) cells and stimulate the production of type 2 en-
dotype cytokines in eosinophilic type nasal polyps." More-
over, the increased in neutrophilic inflammation might be
related to bacterial colonization and the variation in the com-
position of the sinus bacterial microbiota which was shown
to be associated with CRS heterogeneity. Thus, these factors
may contribute to the inflammation type of CRS endotypes.

In this study, we found no significant difference in the IL-5
levels in the eosinophilic and neutrophilic groups. The similar
result was also found in a study conducted in New Zealand
by Hoggard, et al.;'” that the IL-5 levels were equally elevated
in the eosinophilic and non-eosinophilic groups. This might
be caused by the difference in the geographical factors. In ad-
dition, Delemarre, et al.;” also found that there was IL-5 and
IL-9 expression in tissue neutrophils in CRS patients with
nasal polyps accompanied by asthma. This shows that neutro-
phils had the potential to initiate a type 2 response which can
be the basis for eosinophil infiltration.

There was no significant differences in IL-17A levels in the
eosinophilic and neutrophilic groups in this study. This was
also found by several previous studies. In the study conduct-
ed by Cho, et al.;*” found that the inflammatory group of eo-
sinophilic tissues showed unique characteristics compared to
other CRS subtypes and control tissues, that is, when adjusted
for atopic status, smoking history, and duration of disease, the
IL-17A biomarker increased continuously with the increasing
age. However, Kim, et al.;*¥ found that the neutrophil-asso-
ciated cytokines such as IL-17A and IL-23 significantly de-
creased with age. This might be explained by the differences
in the characteristics of eosinophilic inflammation between
Asian countries and Western countries.

IFN-y is a characteristic marker of type 1 inflammation and
is activated by Thl cells. IFN-y will induce apoptosis of sino-
nasal epithelial cells and stimulate neutrophil activity.” In non-
type 2 inflammation, epithelial cells will secrete osteopontin
(OPN). The OPN-stimulated dendritic cells will induce Th1 and
Th17 which regulate non-eosinophilic inflammation through
the production of IFN-y, IL-17A. The IFN-y can induce apop-
tosis of epithelial cells."” In this study there were no signifi-
cant differences in IFN-y levels in the eosinophilic and neu-
trophilic groups. This was also found in a study in Americans
in Chicago which failed to prove the regulation of IFN-y in
CRS patients without nasal polyps. The differences may be
due to the presence of different endotypes in different geo-



graphic areas. A multicenter study involving subjects from
different continents found that [FN-y levels were significantly
higher in patients with CRS without nasal polyps than in CRS
patients with nasal polyps but this was only true in Beijing but

1. confirmed that

not in the other 5 regions.”” Wang, et a
there was increased expression of IFN-y and IL-17A in CRS
patients in both eosinophilic and non-eosinophilic inflamma-
tory groups in Wuhan compared to control subjects, but the
non-eosinophilic group had higher IFN-y and IL-17A expres-
sion compared to the eosinophilic group.

OSM is part of the IL-6 cytokine produced by neutrophils
which can interfere with epithelial barrier function by reduc-
ing the expression of tight junction protein epithelial cells. A
study conducted by Pothoven, et al.;*” found that OSM in-
creased in the sinonasal tissue of CRS patients with rice pol-
yps. In addition, they also found that OSM in tissues corre-
lated with the level of a2-macroglobulin which is a marker of
sinonasal mucosal epithelial leakage. This suggests that OSM
might mediate epithelial barrier dysfunction in CRS. Further
research identified that neutrophils are the main OSM-pro-
ducing cells in nasal polyps. Similarly, a study conducted by
Tian, et al.;* also revealed that the expression level of OSM
was increased in CRS and could be the main cause of disrup-
tion of the integrity of the mucosal barrier in the pathogenesis
of CRS. Epithelial cells, such as keratinocytes, are target cells
for OSM and work by inhibiting cell differentiation and in-
ducing chemokines and antimicrobial peptides. However, our
study found no significant difference in OSM levels in the
eosinophilic and neutrophilic groups, but OSM levels tended
to be higher in the eosinophilic group. There was neutrophil
activation causing high OSM levels in the eosinophilic group
because the OSM was produced by neutrophils. This finding
was similar to the study by Poposki, et al.;*® who reported
that the cytokine OSM which disrupts the epithelial barrier
increases in eosinophilic inflammatory types in CRS with na-
sal polyps in the United States and states that neutrophils are
the main source of OSM in nasal polyps.

In this study, there were limitations such as abnormal data
distribution because there were several levels of endotypes
that had extreme values. This can be seen from some of the
biomarker endotype data which has a standard deviation that
is greater than the average. Another limitation in this study
is the difficulty of validating the effectiveness of endotype
biomarkers because they are highly influenced by individual
factors and environmental factors that underlie inflamma-

tion of the paranasal sinus mucosa, so caution is required in
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the interpretation and application of each endotype biomarker
research results in different region. Research is needed on the
value of endotype biomarkers in each region to find out how
far environmental and individual factors affect these bio-
marker values and it is hoped that in the future a basic bio-
marker value can be obtained that can be used as a guideline.
In this study there was also a limited research time so that
the sample was taken by non-random sampling.

Although there was no significant association between ECP
endotype biomarkers and the type of tissue inflammation
based on predetermined cut-offs, the ECP hold a potential as
a biomarker for type 2 endotype for its possible association
with eosinophilic type of inflammation. We propose using
ECP as the main biomarker to identify CRS type 2. The CRS
endotyping based on the tissue inflammation response which
may be influenced by various factors should be replaced with
more specified biomarkers. Further research with larger sam-
ple size is required to have the cut-offs point of ECP in order
to determine the endotype of CRS.
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