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Is There any Possible Role of Neurotrophin 3 in the Pathogenesis
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ABSTRACT

Objective: Antrochoanal polyp (ACP) is a benign soft tissue lesion arising from the inner wall of
the maxillary sinus that extends into the nasal cavity and choana. Although it was first explained
by Killian in 1906, the underlying pathogenesis has not been yet fully understood. Neurotrophins
have been demonstrated to have a possible role in the pathogenesis of allergic rhinitis, idio-
pathic rhinitis and nasal polyps. To date any study has not investigated the function of neuronal
inflammation and neurotrophins in the development of ACP. The objective of this study was to
investigate the possible effect of neurotrophin-3 (NT-3) in ACP pathogenesis.

Method: Twenty adult patients with ACP who underwent endoscopic sinus surgery in our de-
partment were included in the study group. The control group included 15 patients with concha
bullosa of middle concha who underwent lateral excisional surgery. Nasal tissue NT-3 staining
scores were evaluated using immunohistochemical methods. Blood NT-3 levels of both groups
were evaluated by enzyme-linked immunosorbent assay (ELISA).

Results: There were no statistically significant differences between these two groups regarding
tissue NT-3 staining scores (p=0.843) and blood NT-3 levels (p=0.463). In addition, no statisti-
cally significant correlation has been observed between tissue NT-3 staining scores and blood
NT-3 levels in both ACP (p=0.578) and control (p=0.359) group patients.

Conclusion: NT-3-related neuronal inflammation does not seem to have any role in ACP patho-
genesis.

Keywords: Antrochoanal polyp, nasal polyp, neuronal inflammation, neurotrophin, neurotro-
phin 3, pathogenesis

oz

Amacg: Antrokoanal polip (AP), maksiller siniis ic duvarindan kaynaklanan, nazal kavite ve koa-
naya uzanan benign yumusak doku lezyonudur. llk kez 1906°da Killian tarafindan agiklanmasina
ragmen, altta yatan patogenezi halen tam olarak anlasilamamistir. Norotropinlerin alerjik rinit,
idiyopatik rinit ve nazal polip patogenezinde rolii olabilecegi gbsterilmistir. Bugtine kadar néronal
inflamasyon ve nérotropinlerin AP olusumundaki fonksiyonunu arastiran calisma bulunmamakta-
dir. Bu calismanin amaci, Nérotropin 3 (NT-3)’iin AP patogenezinde olasi etkisini arastirmaktir.
Yontem: Calismaya klinigimizde endoskopik sinlis cerrahisi yapilan AP’li 20 eriskin hasta alin-
mustir. Kontrol grubu, lateral eksizyon yapilan 15 orta konka blillozall hastayr icermektedir. Nazal
dokuda NT-3 boyanma skorlari immiinohistokimya ile degerlendirilmistir. Her iki grubun kan
NT-3 seviyeleri Enzyme linked immunosorbent assay (ELISA) ile degerlendirilmistir.

Bulgular: Iki grup arasinda doku NT-3 boyanma skorlari (p=0,843) ve kan NT-3 seviyeleri
(p=0,463) bakimindan anlamli fark yoktur. Ek olarak doku NT-3 boyanma skorlari ile kan NT-3
seviyeleri arasinda hem AP (p=0,578) hem de kontrol (p=0,359) grubunda istatistiksel olarak
anlamli korelasyon yoktu.

Sonuc: NT-3 bagimli néronal enflamasyonun, AP patogenezinde rol oynamadigi diisiintlmdistiir.

Anahtar kelimeler: Antrokoanal polip, nazal polip, néronal enflamasyon, nérotropin, nérotropin
3, patogenez
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INTRODUCTION

Antrochoanal polyp (ACP) is a polypoid mass aris-
ing from the maxillary sinus, extending into the
nasal cavity and choana through the natural or
accessory ostium. It has two main components:
a cystic, intramaxillary part and a solid polypoid
part'. They are infrequent lesions when compared
to common inflammatory nasal polyps (NPs).
They comprise 3-6% of all NPs, but the incidence
can be as high as 22.3%>. The underlying patho-
genesis of ACP development has not been fully
understood, yet. Chronic maxillary rhinosinusitis,
allergic rhinitis (AR), tooth trauma, microvascular
disorder and lymphatic obstruction have all been
suggested as causative factors for ACP!'%45, In-
vestigation of ultrastructural morphology of ACPs
with transmission electron microscopy demon-
strated that few eosinophils and greater number
of other inflammatory cells with normal surface
epithelium and basement membrane have sug-
gested chronic inflammation rather than allergy in
the pathogenesis of ACP'.

The primary treatment of ACP is surgery. Initially,
Caldwell-Luc operation together with simple avul-
sion was used, but today endoscopic sinus sur-
gery is the most preferred surgical technique*®.
Recently, transnasal prelacrimal recess approach
has been used for recurrent cases’.

Neurogenic inflammation refers to a cascade of
neuroimmune interactions which results in in-
flammatory cell infiltration in the airway. Stimulat-
ed nasal nociceptive type C nerve fibers have the
ability to initiate secretion of tachykinins including
substance P (SP), calcium gene-related peptide
(CGRP) and neurokinin A. These proteins initiate
plasma leakage, glandular secretion and the re-
lease of inflammatory cells that induce the airway
inflammation®. Neurotrophins consist of nerve-
growing factors which were firstly described as
neurotrophic proteins that take part in develop-
ment of neurons, formation of synapse and neu-
ronal plasticity®. Nerve growth factor (NGF) is the

firstly described protein of neurotrophin family.
Brain- derived neurotrophic factor (BDNF), neu-
rotrophin 3 (NT-3) and NT 4/5 also exist. These
neuropeptides have been also demonstrated
to trigger neurogenic inflammation in the nasal
mucosa by stimulating the nociceptive type C fi-
bers®.

Neurotrophins were also demonstrated to have
role in allergic rhinitis (AR) and pathogenesis of
idiopathic rhinitis’'°. In addition, there were two
articles about the function of neurotrophins in
chronic rhinosinusitis and pathogenesis of NP'"'2,
Recently, NT-3 has been shown to have a local
effect on the development of non-allergic NP'3.
Although the main source of neurotrophins are
eosinophils in the nasal mucosa, epithelial cells
are another important source®.

Limited number of articles have focused on the
molecular mechanisms involving in the patho-
genesis of ACP'*'® and the possible role of neu-
ronal inflammation in ACP development has not
been studied yet. The neurotrophins other than
NT-3 were studied largely in the nasal airway
inflammation®'?, therefore we aimed to evaluate
the possible role of NT-3 in patients with ACP by
analyzing tissue NT-3 levels using immunohis-
tochemical and serum NT-3 levels with enzyme-
linked immunosorbent assay (ELISA).

MATERIALS and METHODS

Approval of ethics committee was acquired for
our study with a decision number of 2015/314.
Written informed consent was obtained from all
patients that participated in the study.

Power analysis of the study was performed ac-
cording to the results of former studies assessing
the relationship between NP pathogenesis and
NT-3. Accordingly, the minimum sample size was
12 for each group. The study group consisted of
20 patients with ACP who underwent endoscopic
sinus surgery and control group consisted of 15
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patients with concha bullosa who underwent par-
tial excision in our Otorhinolaryngology Depart-
ment. Main complaint of all patients was nasal
obstruction. The diagnosis of patients with ACP
or concha bullosa was made based on physical
examination, anterior rhinoscopy, intraoral ex-
amination, nasal endoscopy using rigid Hopkins
telescopes of 0° and 30° 4 mm. nasal endoscopes
(Karl Storz®-Tuttlingen-Germany) and maxillofa-
cial computed tomography results. Skin prick or
blood specific IgE (sIgE) tests were performed in
all patients. Sixteen allergens were used for skin
Prick test panel and 35 allergens for blood sIgE
panel. Patients with positive skin test or sIgE lev-
els were excluded from the study so as to rule
out the result of allergy on the study outcomes.
Besides AR, patients with allergic fungal sinusitis,
neurological disorders including multiple sclero-
sis, Parkinsonism and epilepsy were not also in-
cluded in the study.

Immunohistochemistry of tissue specimens

All ACP and concha bullosa specimens were ob-
tained during surgical procedures performed un-
der general anesthesia. Specimens from the sinus
and nasal parts of the ACP in the study and con-
cha bullosa in the control group were obtained
using cutting and Blackesley forceps. The ACP and
middle turbinate mucosa specimens were fixed in
10% formalin solution. The sections of specimens
were immunostained for NT-3 (Santa Cruz®, Texas,
USA, dilution 1:200) according to the directions
of the manufacturer'®. The staining of NT-3 was
observed in interstitial matrix and the cytoplasm
of the inflammatory cells. Concisely, the intensity
of immunostaining was analyzed. The staining
intensity of NT-3 was scored semi-quantitatively
in five groups: absent (0), weak (+1), moderate
(+2), strong (+3), and very strong (+4)'>%. The
pathologist examining the sections was blinded
to the study during immunohistochemical analy-
sis. Weak (+1) and strong (+3) staining intensities
of the nasal mucosa samples are demonstrated in
Figures 1 and 2, respectively.
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Figure 1. Weak staining (+1) with NT-3 in the interstitial
matrix (arrow) of the patient’s nasal mucosa (x200, NT-3).
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Figure 2. Strong staining (+3) with NT- 3 in the mterstitial
matrix (arrow) of the patient’s nasal mucosa (x200, NT-3).

ELISA for Serum Samples

Blood samples from all patients were drawn by
venipuncture into plain tubes, and instantly cen-
trifuged at 4000 g for 10 minutes at 4°C. The se-
rum samples were stored at -20°C until the as-
say. NT-3 levels were determined in the DSX™
Four-Plate Automated ELISA Processing System
MicroELISA (Dynex Tecnologies, Virginia, USA),
using the “Human NT-3 ELISA kit” (YH Biosearch
Laboratory, Shanghai, China) according to the
manufacturer’s directions. The results are pre-
sented as pg/ml.

Statistical Analysis
Statistical assessment was performed using SPSS



C. Ozcan et al. Is There any Possible Role of Neurotrophin 3 in the Pathogenesis of Antrochoanal Polyp?

version 23.0 (IBM SPSS Inc. USA-2015). Chi-
square test was used to compare the distribution
of the two groups according to the gender. Stu-
dent’s t-test was used to evaluate age disparity
between two groups. Data were evaluated for
normal distribution by using Shapiro-Wilk test.
The Mann-Whitney U test was used to compare
serum NT-3 levels between groups. Tissue NT-3
staining scores were also compared by using the
Mann-Whitney U test. Correlation coefficient was
used to assess the association between staining
scores and serum NT-3 levels in both groups. P
value of <0.05 was accepted as statistically sig-
nificant.

RESULTS

There were 13 male patients in the ACP and 9
male patients in the control group. The mean age
of ACP group was 36.95+11.6; while the mean
age of control group was 37.93+8.17 years.
There were no statistically significant intergroup
differences regarding gender (p=0.762) and age
(p=0.781) of the patients.

Serum NT-3 levels and tissue NT-3 staining scores
of each patient are given in (Table 1).

Table 1. Comparison of serum Neurotrophin 3 levels and
tissue Neurotrophin staining scores of the patients were
presented.

Acp group Control group P
(n=20) (n=15) value
Serum NT-3 605.9+238.8, 628.9+244.9,
levels (pg/ml) 66-868.1 88-980 0.463
(Mean=SD, min-max)
Tissue Staining scores 0.85+0.93, 0.8+0.9, 0.843
(Mean=SD, min-max) 0-(+3) 0-(+3)

NT-3: Neurotrophin 3, ACP: Antrochoanal polyp, SD: Stan-
dard deviation, min: Minimum value, max: Maximum value

Mean tissue staining scores of ACP and control
groups were 0.85+0.93 and 0.8+0.9, respective-
ly. There wasn’t any statistically significant differ-
ence between these two groups concerning tis-

sue NT-3 staining scores (p=0.843). Comparison
of staining scores between two groups are pre-
sented in Figure 3.

1.504

1.004

0.504

MEAN TISSUE NT-3 STAINING SCORES

0.00 T T
ACP CONTROL

Error Bars: 95% CI

Figure 3. Comparison of tissue Neurotrophin 3 staining
scores between two groups has been demonstrated.
(NT-3: Neurotrophin 3, ACP: antrochoanal polyp).

Mean serum NT-3 levels of ACP and concha
bullosa groups were 605.9+238.8 pg/ml and
628.9+244.9 pg/ml, respectively. There wasn’t
any statistically significant difference between
these two groups concerning blood NT-3 levels
(p=0.463). Comparison of serum NT-3 levels be-
tween two groups is demonstrated in Figure 4.

800.00+

600.00+

400.00+

200.00

MEAN SERUM NT-3 LEVELS (pg/ml)

0.00.

ACP CONTROL

Error Bars: 95% CI

Figure 4. Comparison of serum Neurotrophin 3 levels bet-
ween groups was presented. (NT-3: Neurotrophin 3, ACP:
antrochoanal polyp).
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When Pearson correlation coefficient was calcu-
lated, any statistically significant correlations were
not observed between tissue NT-3 staining scores
and blood NT-3 levels in both ACP (p=0.578) and
control (p=0.359) groups.

DISCUSSION

We did not detect any statistically significant dif-
ferences concerning blood NT-3 levels and nasal
tissue NT-3 staining scores between ACP and
control groups.

ACP is the polypoid lesion of middle meatus orig-
inating from the maxillary antrum and extending
into the nasal cavity and choana'. Although, it
was firstly explained by Prof. Killian in 1906?!, the
underlying pathogenesis has not yet been fully
understood. According to Mills®>, ACP arises from
large acinous mucous glands whose ducts were
blocked during the healing process of maxillary
sinus infection. Rupture of these glands forms one
big intramaxillary cyst that pushes the sinus mu-
cosa away from bony part of the maxillary sinus
wall. On the other hand, Berg et al.?? suggested
that intramaxillary cystic part of the ACPs origi-
nates from intramural cysts that can be frequent-
ly found in the healthy population. Min et al.?
claimed that the origin of ACP was edematous
respiratory epithelium rather than glandular struc-
tures due to the paucity of submucosal glands
in the histological examination of ACP. Infection
or allergy related chronic inflammation occlud-
ing the antral ostium has been also speculated.
Trapped air during obstruction of maxillary sinus
ostium increases the tension inside the antrum
and forces the preexisting antral cyst to herniate
outside by the principle of Bernoulli phenomenon
giving rise to ACP development?*. When the ACP
completely fills the nasopharynx, it is also specu-
lated that it prevents formation of enough nega-
tive intranasal pressure in the contralateral side
for development of contralateral ACP, so bilateral
ACP cases are very rarely seen?. Lymphatic ves-
sel obstruction rather than glandular obstruction

Medeniyet Med ]. 2020;35:40-6

has been also proposed as a causative factor for
the development of ACP?. Regarding molecular
mechanisms, protease and proactivator-depen-
dent proliferation'’, urokinase type plasminogen
activator'®, arachidonic acid metabolites'®, induc-
ible nitric oxide'* and human papilloma virus'®
infection?%?” have been assumed to participate in
the pathogenesis of ACP.

Inflammatory NP and ACP differ greatly. Nasal
polyps are mostly bilateral, whereas bilateral ACPs
are very rare. Ethmoid sinus is the most common
paranasal sinus that NPs originate from, whereas
ACPs originate from maxillary sinus mucosa%’.
Regarding cytokine profiles, eosinophil-related
IL-5 is much more common in inflammatory NP,
on the under hand proinflammatory cytokine IL-6
is more frequently seen in ACP!. There are also
clear-cut histological differences between ACP
and NP. ACP contains smaller amount of inflam-
matory infiltrate and significantly lesser amount of
eosinophilic infiltration. ACP also contains lesser
number of submucosal glands when compared to
NP#28, Ultrastructural investigation of these pol-
yps with electron microscopy confirmed the pres-
ence of smaller amounts of inflammatory cell and
eosinophilic infiltration in ACP!. Surface epithe-
lium and basement membrane of nasal mucosa
retain their normal morphology in the ACP, how-
ever a higher number of goblet cells are found
in NP. These ultrastructural findings suggest that
chronic inflammation is more important than al-
lergy in the pathogenesis of ACP'.

Neurotrophins are similar proteins as regards
to their receptor affinities and their physiologi-
cal functions. They were firstly described by their
significant functions in the development and dif-
ferentiation of nervous system. They also have an
active role in inflammatory reactions of allergic
diseases such as allergic rhinitis and asthma®%.
The sources of neurotrophins in the nasal mucosa
are epithelial and inflammatory cells (eosinophils,
neutrophils and mast cells)®?. Activated eosino-
phils are the main inflammatory cells that can
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produce, store and release neurotrophins dur-
ing cascade reactions of airway inflammation®’3'.
Neurotrophins can activate the nasal nociceptive
type C fibers and stimulate release of SP, CGRP
and neurokinin A in the inflammatory reaction in
the airway. These tachykinins contribute to the in-
flammatory events by degranulation of mast cells,
vasodilatation, secretion of mucus, cytokine syn-
thesis and eosinophil chemotaxis®. Additionally,
neurotrophins can activate eosinophils to secrete
IL-4, inhibit eosinophil apoptosis, induce proin-
flammatory cytokine release from lymphocytes
and regulate survival of mast cells®%.

The roles of neurotrophins in the pathogenesis
of NPs have been also investigated. It has been
shown that NP epithelial cells express higher
amounts of BDNF compared to turbinate cells and
proinflammatory cytokines increase the BDNF ex-
pression in cell cultures!'. On the other hand, Cof-
fey et al.'? found lower tissue BDNF and higher tis-
sue NGF concentration in the NP group patients.
The serum levels of the neurotrophins were not
evaluated in patients with NP in mentioned stud-
ies. Recently, we have demonstrated that NT-3
may have local effect in NP pathogenesis without
joining the systemic circulation'®. Most NPs dem-
onstrate eosinophilic inflammation'2. In the find-
ings of these studies''"'3, the interaction between
neurotrophins and activated eosinophils®*>*' might
be the cause of higher amounts of neurotrophins
in the NP tissue. We concluded that paucity of eo-
sinophilic inflammation in the ACP tissue is the
most probable cause of similar serum NT-3 levels
and tissue NT-3 staining between ACP and con-
trol group patients in our study.

CONCLUSION

NT-3-related neuronal inflammation does not
seem to have an important role in the pathogen-
esis of ACP. Larger-scale studies investigating
other neurotrophins may reveal the importance
of neuronal inflammation in the pathogenesis of
ACP.
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