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Abstract

Background: Chronic rhino sinusitis (CRS) is a common inflammatory disease resulting in
marked decrease in quality of life of patients and affected their socio-economic life. Multiple
factors like inborn immunity of the airway epithelium, reduced barrier function, altered
mucociliary mechanism, and fabrication of plenty of antimicrobial peptides played important
roles. Followed by activated involvement of eosinophils, mast cells, and innate lymphoid cells
(ILCs) contributed to the chronic inflammatory changes and directly activated adaptive immune
cells like T and B cells. Studies are required to identify such specific immune factors which
drive the CRS pathogenesis process and this study is an attempt in that direction.

Aim: To find the role of immune markers in the pathogenesis of the chronic inflammation in
chronic rhino sinusitis (CRS) and to identify other markers of immune system pathways in
patients with CRS.

Materials: 83 patients diagnosed with CRS based on the Clinical features and X-ray and CT
scan findings were divided into two groups; CRSsNP- 42 patients (50.60%) and CRSwNP- 41
(49.39%) patients.

Results: The mean levels of secreted IL-6, 10, 13, 21 and IFN- y of both the groups of
CRSwNP-41 patients and CRSsNP-42 patients’ tissue levels correlated well (p>0.05 for all).
CRSwNP patients had mean tissue levels of I[L-2, 4, 5, 7, 12, 17 and 22 greater than mean tissue
levels of patients with patients CRSsNP.

Conclusions: The two types of CRS: CRSsNP and CRSwNP are heterogeneous diseases at
molecular level as the values of cytokines liberated due to respective inflammation are different.
Hence the inflammatory state of CRS was also highly heterogeneous, with mixed profiles of type
1, 2 and 3 inflammations seen within classical CRSsNP and CRSwNP phenotypes. Estimation of
cytokines levels is emerging as an important diagnostic and prognostic tool in the management
of CRS disease.

Keywords: Chronic Rhino Sinusitis (CRS), Inflammation, Adaptive Immunity, Mucociliary
Mechanism, Facial Pain and Innate Immunity.
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Background

Chronic rhino sinusitis (CRS) is a disease of
nose and paranasal sinuses, associated with
marked morbidity and burden on socio-
economic life of the patients [1]. In spite of
its burden on the community only few
studies have focused on its prevalence,
nature of the diseases and actual
pathological mechanisms and immune
factors involved in causing CRS [2]. CRS
clinically presents in two forms: CRS
without nasal polyps (CRSsWP) and CRS
with nasal polyps (CRSwNP) [3]. Both
these forms do not represent the two ends of
the same disease spectrum but are caused by
unique inflammatory mechanisms [3]. The
published data was focused on CRSwNP
pathogenesis alone or CRS in general and
hence a large data is available on it. But the
data did not reflect on any immune specific
factors or properties associated with a
particular subgroup of CRS [4]. Hence only
data on distinct inflammatory characteristics
associated with CRSwNP were available
published but very few on the unique
inflammatory signature profiles associated
with CRSsNP [5]. Thus, this review will
highlight the more recent advances in our
understanding of the mechanisms that
underlie CRS pathogenesis, and will focus
mainly on CRSwNP. Chronic inflammation
of sinonasal mucosa lasting for more than 12
weeks with symptoms of nasal obstruction,
nasal discharge, pain in the face and head
region loss of sense of smell was defined s
CR [6] CRS was treated by using antibiotics,
nasal and oral decongestants and in few
cases with steroids [6]. When medical
treatment did not alleviate symptoms
functional endoscopic sinus surgery was
undertaken [7]. There are no population
based epidemiological studies to specify the
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proportion of cases requiring surgery or
repeat surgeries [8]. The prevalence of
CRSsNP cases is greater than the cases of
CRSwNP as per few studies and some other
studies reported equal prevalence [9].The
prevalence of repeat surgeries was more
common in CRSwNP than in CRSsNP
according to the literature available [3]. Few
studies showed predominance of males
suffering from CRSwNP than females [4]
but women tend to have severe
inflammation and required more surgeries
than men [6]. The data further revealed that
the pathogenesis of the two forms of CRS
was likely distinct, and suggest that
CRSsNP is more associated with specific
infections, while CRSwNP is more
associated with inflammatory airway disease
[2]. Epithelial cells of sinonasal disease
mucosa from CRSwNP subjects were shown
to have defects in the ability to form tight
junctions [11]. In addition elevated type 2
cytokines levels in CRSwNP was thought to
produce a diminished barrier function of
these cells [11]. It was observed that patients
with CRSwWNP have elevated epithelial
anion transporter Pendrin in their mucosal
polyps which increased mucus production
and impaired mucociliary clearance [12].
Pendrin production was increased by the
type 2 inflammatory cytokines IL-4 and IL-
13 [12]. Recently few studies have shown
bitter and sweet taste receptors T2R38 in the
mucociliary cells and the bitter was found to
regulate the ciliary beat frequency in airway
epithelial cells [13]. Cohen and colleagues
being first to identify these receptors also
found that polymorphism in T2R38 gene
resulted in non-functional taste receptors
[14]. This polymorphism was observed in
the patients who did not respond to medical
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treatment of CRS but required surgical
intervention [15]. Further follow up studies
revealed that the bitter receptors could be
controlled negatively the TIR family of
sweet taste receptors [16], Hence the
increased glucose concentration in the
mucus from CRS patients [17].

T2R38 bitter taste receptors were proved to
be associated with a decreased capacity of
airway epithelial cells to kill bacteria [18].
Similarly production of innate antimicrobial
peptides were also reduced and produced
defectively, denying the function of normal
airway epithelial cells to protect the
underlying tissue mucosa from harmful
microbes and antigens. The defects in
expression of other innate antimicrobials in
CRSwNP included were S100A7,
S100A8/A9, and PLUNC [19]. Due to this
large numbers of immune effector cells are
found elevated in CRS, particularly in
CRSwWNP. They include eosinophils,
neutrophils, basophils, mast cells, type 2
macrophages, and group 2 innate lymphoid
cells (ILC2s) [20]. In older teachings the
CRSsNP  cases were described as
neutrophilic and CRSwNP cases as
eosinophilic; however it was observed that
neutrophils were elevated in both types of
CRS cases, but it was not evident whether
eosinophils were elevated in CRSsNP cases
[21]. Eosinophils are known to produce type
2 inflammatory response in nasal polyps of
CRSwWNP and cause elevation of eosinophil
chemo attractants and cytokines like:
eotaxins and IL-5 [22]. Recently a new role
of eosinophils was unrolled by which they
promote plasma cell survival and antibody
production and the activation of T cells and
the antibodies produced by them [23].
Increased production of mucus in CRSwNP
patients was proved to be due to the
secretion of tryptase, carboxypeptidase A3,
and chymase by the mast cells [24]. Mast
cells of nasal glands produce chymase
unlike the nasal mucosal mast cells and the
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chymase is a stimulator of mucus secretions
in CRSWNP patients [25]. Lymphocytes in
the nasal mucosa with chronic type 2
inflammation produce type 2 cytokines like
IL-5 and IL-13 which are activated by
cytokines from epithelial cells such as IL-25,
IL-33, and thymic stromal lymphopoietin
(TSLP) [26]. Spits and colleagues [27] have
shown ILC2s in highly elevated levels in
nasal polyp tissues. There is an increased
adaptive immune cell in the type CRSwNP
polyps. CD3" T cells have been found to be
elevated in both CRSsNP and CRSwNP
tissues [28].

Materials

82 patients with diagnosis of CRS were
included in the study after obtaining an
ethical committee clearance for the Institute.
An ethics committee approved consent form
was used for the study.

Inclusion Criteria: Patients aged 18 years
and above were included. Patients of both
genders were included. Patients with clinical
features of nasal obstruction, chronic nasal
discharge, facial congestion, facial pain,
facial pressure, facial fullness, and decrease
in sense of smell and Presence or absence
ofnasal polypi on CT scan or nasal
endoscopy were included.

Exclusion criteria: Patients with history of
primary or secondary immune disorders
were excluded. Patients with Cystic fibrosis
were excluded. Patients with Primary ciliary
dyskinesia were excluded. Patients with
pregnancy were excluded. Patients with
history of smoking in the last 12 weeks were
excluded. SNOT-22 scores [29] greater than
21 (to exclude those currently in
exacerbation). Patients with history of intake
of oral corticosteroids in the past 4 weeks
were excluded. Patients with history of
parenteral steroids therapy in the past 4
weeks were excluded. Demographic data,
medical co-morbidities, and history of
smoking were elicited from the patients.
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Method of Detecting immune markers
and their concentrations: Polypoidal tissue
from FESS operations, mucosal biopsies
from CRS patients undergoing surgery or
otherwise as a biopsy from the middle
turbinate were collected. Tissue samples
were immediately frozen and stored at
—80 °C till further usage. About 40 mg of
tissue was shifted to a Buffer AL extraction
reagent (Quiagen) containing gentle-MACS
C tube. Gentle-MACS homogenizer was
used till the tissue was evenly suspended. It
was centrifuged after mixing it 1.5-ml
polypropylene at room temperature for
Sminutes. The supernatant fluid was
collected and an aliquot removed and diluted
twice with kit-provided buffer. This material
was then assessed for levels of interleukin
(IL)-2, -4, -5, -6, -7, -10, -12, -13, -17, -21,
and -22, as well as interferon (IFN)-y using a
Luminex R multiplex kit (Human Premixed
Multi-Analyte, R&D Systems, Minneapolis,
MN) according to manufacturer protocols.
Each sample was analyzed in triplicate.
Statistical analysis: All the data was
analyzed using the SPSS v.23.0 statistical
package. All the data was non-normally
distributed and compared using a Mann—
Whitney U-test. A Chi-square and Fisher’s
exact test were used to determine whether
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the data were related. Binary logistic
regression analysis was used to find the
predictive values of cytokine levels for
CRSwNP. Differences between groups were
considered  statistically  significant at
p <0.05.

Results

83 patients were included in this study that
was diagnosed with CRS based on the
Clinical features and X-ray and CT scan
findings. The study was conducted over a
period of 12 months between March 2021
and February 2022. The subjects were
divided into two groups; Group A consisting
of 41 (49.39%) patients with CRSWNP type
CRs and Group B: consisting of 42
(50.60%) patients with CRSsNP type of
CRS. The demographic details, gender
distribution and co-morbid conditions were
tabulated in Table 1. The mean ages and
ratios of females: males in both groups were
similar. The frequency of allergy or asthma
was significantly higher in the CRSwNP
group. Than in the CRSsNP group; (p- value
less than 0.05) (Table 1). A total of 27.27%
of patients in the CRSwNP group and
38.09% of patients in the CRSsNP group
gave history of smoking which was not
significant.

Table 1: Showed the demographic features and co-morbid conditions of the two groups (n-
83; Group A-41, Group-42).

Variable Group A Percentage | Group B Percentage | P value
CRSwNP-41 CRSsNP-42

Number 41 49.39 42 50.60 0.753

Mean Age 47.55+£3.75 -- 41.65+£5.10 | -- 0.941

Male 24 54.54 21 50 0.845

Female 17 41.46 18 42.85 0.614

Allergy

Yes 14 34.14 03 42.85 0.001

No 30 73.17 39 07.14

Asthma

Yes 16 39.02 04 09.52 0.001

No 28 68.29 38 47.61

Smoking

Yes 12 27.27 16 38.09 0.093
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No 32 72.72 26 61.90

Diabetes

Yes 10 24.39 11 26.19 0.851
No 34 82.92 31 73.80

Drug allergy

Yes 13 31.70 17 35.71 0.061
No 21 51.21 25 59.52

The mean levels of secreted IL-6, 10, 13, 21 and IFN- y of both the groups of CRSwNP-41
patients and CRSsNP-42 patients’ tissue levels correlated well (p>0.05 for all). CRSwNP
patients had mean tissue levels of IL-2, 4, 5, 7, 12, 17 and 22 greater than mean tissue levels of

patients with patients CRSsNP (Table 2).

Table 2: Showed the mean values of Interleukins (ILs) in both the groups (n-83; Group A-
41, Group-42)

TYPES OF ILs | Mean values in | Mean values in | p- value
CRSwNP-41 CRSsNP-42
IL-6 189.1 229.8 0.912
IL-10 219.6 214.7 0.712
IL-13 148.63 153.3 0.478
IL-21 104.5 103.6 0.351
IFN-y 1398.0 1376.5 0.140
1L-2 477.3 149.3 0.027
1L-4 189.3 69.6 0.019
IL-5 88.6 38.2 0.011
IL-7 59.9 27.5 0.033
1L-12 664.0 139.1 0.001
IL-17 98.1 59.0 0.001
1L-22 93.4 41.2 0.001

Discussion

In the present study 83 patients were
included after strictly adhering to the
inclusion and exclusion criteria and
satisfying the SNOT-22 criteria. The tissues
obtained from the surgical procedures and
biopsies were obtained and processed for
Interleukins with an intention to compare the
two basic types of CRS that were CRSwNP
and CRSsNP. A statistically significant
difference in their mean values was
observed in relation to the ILs: 2, 4, 5, 7, 12,
17 and 22 in the study. There was no
significant difference between the two
groups in regards to the ILs: 6, 10, 13, 21
and IFN- y. Review of literature showed
similar studies conducted to estimate
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concentrations of different cytokines to find
the degree of type-2 chronic inflammation of
the nasal and sinus mucosa in CRS. Zhao et
al [30] demonstrated higher IL-5
concentrations in Nasal Polyps tissues than
those in control tissues. Similar study by
Kubato et al [31] in this study also the
author had divided the CRS as CRSwNP
and CRSsNP. But Bachert et al [32] in
addition to IL-5 assayed eotaxin an
Eosinophilic cationic protein which was an
indicator of eosinophilic activator. Allen et
al [33] demonstrated IL-5 levels in polyp
tissue higher than in controls. Moore et al
[34] from their study reported high levels of
IL-10 in the nasal tissues and peripheral
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blood of their Allergic rhinitis patients who
were successfully treated with
immunotherapy on long-term. In this study
in contrast both the CRS with nasal polyp
and only with CRS patients had similar
mean tissue levels of IL-10. Adnan Ekinci
and his co-author [35] in their study
observed no difference in the tissue IL-10
levels, similar to the present study.

Molet SM et al studied the IL-17 levels from
polyp tissue and mucosa of CRS without
polyp’s patients and reported statistically
higher levels in polyp tissues. Dellacono FR
et al observed in patients with Nasal Polyps
a high concentration of IFN-y levels than in
nasal mucosa of CRS without polyps. They
also suggested that IF -y levels activated
lymphocytes and eosinophils in the Nasal
polypoidal mucosa. In this study IFN-y
levels were higher in both the groups. The
limitations to this study were absence of
comparisons between tissue cytokine levels
and serum cytokines levels. There was no
comparison of role of steroidal therapy on
long term in either of the groups studied.

Conclusions

The two types of CRS: CRSsNP and
CRSwNP are heterogeneous diseases at
molecular level as the values of cytokines
liberated due to respective inflammation are
different. Hence the inflammatory state of
CRS was also highly heterogeneous, with

mixed profiles of type 1, 2 and 3
inflammations  seen  within  classical
CRSsNP and CRSwNP  phenotypes.

Estimation of cytokines levels is emerging
as an important diagnostic and prognostic
tool in the management of CRS disease.
Identify inflammatory profiles of CRS in a
clinical setting allowed precise and targeted
treatment options. The identification of
inflammatory profiles also allowed selection
of targeted therapies.
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