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Chronic rhinosinusitis: assessment of changes in nociceptive neurons

Stijn Bogaert, MD'-2

, Koen Van Crombruggen, PhD', Gabriele Holtappels, MS', Natalie De Ruyck, MS',

Nicole Suchonos, MS?, Jonas Jae-Hyun Park, MD? and Claus Bachert, MD"+*

Background: Pain is a major symptom of chronic rhinosi-
nusitis (CRS). It is mainly associated with CRS without nasal
polyps (CRSsNP) and has a major impact in the decision to
move on to surgery. Patients with CRS with nasal polyps
(CRSwWNP) are characterized by trigeminal hypoesthesia
and suffer from less pain. The aim of this study was to in-
vestigate whether CRS induces alterations in the periph-
eral nociceptive neurons, mainly focusing on quantitative
changes.

Methods: Sinus mucosa and inferior turbinate (IT) sam-
ples were obtained from patients with CRS, and IT tissue
of healthy patients served as controls. Reverse transcrip-
tion quantitative polymerase chain reaction (RT-qPCR)
was performed for neuronal markers including CNTNAP2,
FAMi19A1, GFRA2, NEFH, NTRK1, PLXNC1, RET, SCN10A,
SCN1A, TRPV1, and PGP 9.5; enzyme-linked immunosor-
bent assay (ELISA) was performed for KCNK18, SCN10A,
MRGPRD, and MAP2. For PGP 9.5, immunohistochemistry
was additionally used to analyze tissue slides.

Results: We included 35 patients with CRSsNP, 47 pa-
tients with CRSWNP, and 18 control patients. No differences
in expression of the neuronal markers were observed be-
tween CRSsNP, CRSWNP, and controls. SCN10A was the
only marker exclusively expressed on nociceptive neurons

in sinus tissue. No histological difference in nerve fibers was
observed between sinus mucosa of both phenotypes.

Conclusion: Our results indicate that the nociceptive
nerve density in CRSWNP is not lower than in CRSsNP,
as was assumed previously. The nociceptive neurons in
sinonasal mucosa cannot be classified into subtypes due to
the lack of specificity of the respective marker genes. Our
findings question the generally accepted claim that nasal
polyp tissue does not contain any nerves. © 2020 ARS-
AAOA, LLC.
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ccording to the 2012 European Position Paper on

Rhinosinusitis and Nasal Polyps (EPOS),! chronic
rhinosinusitis (CRS) is defined as inflammation of
the nose and paranasal sinuses characterized by 2 or
more symptoms for more than 12 weeks and signs on
imaging. One of the symptoms should be either nasal
blockage/obstruction/congestion or nasal discharge (ante-
rior/posterior nasal drip), together with facial pain/pressure
and/or reduction or loss of smell. The signs on imaging
can be endoscopic signs of disease and/or computed to-
mography (CT) changes. Although CRS with and without
nasal polyps (CRSwWNP and CRSsNP, respectively) are
both characterized by secretion and nasal obstruction,
it is CRSsNP that is frequently associated with facial
pain/pressure/fullness.”> Patients with CRSwNP, on the
other hand, suffer more frequently from hyposmia.’*
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TABLE 1. Patient and sample characteristics”

RT-qPCR

Control

CRSsNP

CRSwWNP

Subjects, n

17

23

35

Age (years)

32 [14-58]

40 [19-72]

51 [16-62]

Female

8 (47.1)

9(39.1)

11 (31.4)

Skin prick test-positive

0

8 (34.8)

15 (43.9)

Asthma in history

0

2(8.7)

17 (48.6)

Aspirine intolerance reported

0

0

6(17.1)

ELISA

Control

CRSsNP

CRSwWNP

Ethmoidal mucosa

IT Ethmoidal polyps

IT

Subjects, n

12

12

12

12

12

Age (years)

38 [22-58]

48 [26-65]

35 [26-44]

53 [22-72]

57 [48-67]

Female

4(36.4)

5(41.7)

6 (50.0) 4

(33.3)

1(50.0)

Skin-prick test—positive

0

5(41.7)

7 (58.3)

50.0)

7 (58.3)

Asthma in history

0

2(16.7)

Aspirin intolerance reported

0

1(8.3)

0(0.0)

6
6 (50.0) 6
3

(
(50.0)
(25.0)

(
6 (50.0)
1(50.0)

IHC

CRSsNP

CRSwWNP

Nasal polyps

Maxillary mucosa

Frontal mucosa

Subjects, n

5

5

Samples, n

5

5

Age (years)

50 [39-72]

31 [21-69]

Female

0(0.0)

2 (40.0)

Skin prick test-positive

2 (40.0)

2 (40.0)

Asthma in history

1(20.0)

2 (40.0)

Aspirin intolerance reported

0(0.0)

0(0.0)

*Values are presented as median [range] or n (%). The maxillary and frontal mucosa of CRSWNP patients for IHC refer to nonpolypous mucosa of the respective sinus.
CRSsNP = chronic rhinosinusitis without nasal polyps; CRSWNP = chronic rhinosinusitis with nasal polyps; ELISA = enzyme-linked immunosorbent assay; IHC = immuno-
histochemistry; IT = inferior turbinate; ; RT-gPCR = reverse transcription quantitative polymerase chain reaction.

Recent findings have moreover shown that the intranasal
sensitivity threshold is elevated in CRSwNP patients,
indicating trigeminal hypoesthesia.” The histology of nasal
polyps is classically characterized by damaged respiratory
epithelium, tissue edema, very few blood vessels and glands,
and essentially no nerves.®!! The latter finding would be
an assumable cause of the hypoesthesia and hyposmia.
Sinus sensibility is provided by the fifth cranial nerve,
the trigeminal nerve, whose cell bodies lie in the trigeminal
ganglion (TG). It has recently been shown that the classic
grouping of nociceptive neurons into Aé-fibers and C-
fibers is undifferentiated.!? In a large-scale single-cell RNA
sequencing study, Usoskin et al.!3 showed that nociceptive
neurons can be classified into multiple subtypes. Proposed
marker genes were CNTNAP2, FAM19A1, GFRA2,
NEFH, NTRK1, PLXNC1, RET, SCN10A, SCN11A,
and TRPV1. A combination of these genes allows specific
targeting of each nociceptor subtype, but individually

they are each not specific for a single subtype. Moreover,
the specificity in sinonasal mucosa is unknown. On the
other hand, SCN10A, KCNK18, and MRGPRD are genes
involved in nociception that are known to have a very
high trigeminal specificity.!!S The SCN10A or Nav1.8
gene is expressed in nociceptors and is essential for inflam-
matory pain. The channel is also known to be involved
in trigeminal neuropathic pain, and variants have been
identified in peripheral and central pain disorders.!¢"!”
The KCNK18 messenger RNA (mRNA) is exclusively
expressed in human TG and it is, together with SCN10A,
reported to be the most selective ion channel gene in both
the human TG and dorsal root ganglion (DRG).!*15 A
mutation within the KCNK18 gene leads to a nonfunc-
tional protein and has been found to be associated with
migraines.”’ MRGPRD is very specifically expressed on
non-peptidergic nociceptors of the human TG and DRG.
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Trigeminal neurons in chronic rhinosinusitis

These receptors are involved in both pain sensation and
modulation.!%15:21,22

We wanted to investigate whether CRS induces alter-
ations in the local peripheral nociceptive neuronal network.
Our primary goal was to assess quantitative and histologi-
cal neuronal differences in CRSsNP and CRSwNP. In order
to analyze the specificity of the gene markers of nociceptor
subtypes in peripheral sinonasal tissue, we first performed
reverse transcription quantitative polymerase chain reac-
tion (RT-qPCR).

Patients and methods

Patients and sample collection

Patients aged 18 years or older who were undergoing
sinonasal surgery were included at the Department of
Otorhinolaryngology, Ghent University Hospital, Belgium.
The tissue sampling was approved by the local ethical com-
mittee and written informed consent was obtained from
all patients before collecting material. Sinus and inferior
turbinate (IT) mucosa samples were taken from patients
with CRS. Samples of IT were obtained from patients with-
out sinus disease who were undergoing (rhino)septoplasty,
serving as the only controls. Diagnosis of CRS was based on
the history, clinical examination, nasal endoscopy, and CT
scan, which is consistent with the 2012 EPOS guidelines.!
The baseline characteristics of the patients are given in
Table 1. Oral corticosteroids were stopped at least 4 weeks
before surgery and nasal corticosteroids for at least 2
weeks. An atopic evaluation was done by skin-prick tests
for common inhalant allergens.?? The diagnosis of asthma
was based on the Global Initiative for Asthma (GINA)
guidelines.”* After collection, the tissue samples were either
immediately embedded in paraffin and/or snap-frozen in
liquid nitrogen and stored at —80°C.

Tissue homogenates and extractions

Snap-frozen tissue samples (£30 mg) were homogenized
by means of mechanical disruption with a mortar and pes-
tle containing liquid nitrogen as described,?’ yielding in-
terstitial and cytosolic proteins. Membrane protein frac-
tions were prepared by means of a ProteoExtract Native
Membrane Protein Extraction kit (CalBiochem/EMD Bio-
sciences, San Diego, CA) according to the manufacturer’s
guidelines. These fractions were used for protein measure-
ments by enzyme-linked immunosorbent assay (ELISA) (see
ELISA section below).

RT-gPCR
The following mRNA markers were selected to specifically
target multiple subtypes of nociceptive neurons: CNT-
NAP2, FAM19A1, GFRA2, NEFH, NTRK1, PLXNCI,
RET, SCN10A, SCN11A, TRPV1, and PGP 9.5. The
measurements were performed on diseased sinus samples
of CRSsNP and CRSwNP, control IT tissue, and on
commercially acquired RNA of human DRG to control the

TABLE 2. Markers used for the RT-qPCR analysis, ELISA,

and [HC”
Abbreviation Marker
RT-gPCR
CNTNAP2 Contactin associated protein-like 2
FAM19A1 Family with sequence similarity 19
(chemokine (C-C motif)-like), member A1
GFRA2 Glial cell-derived neurotrophic factor (GDNF)
family receptor alpha 2
NEFH Neurofilament, heavy polypeptide
NTRK1 Neurotrophic tyrosine kinase, receptor, type 1
PLXNC1 Plexin C1
RET Ret proto-oncogene

SCN10A or Nav1.8 Sodium channel, voltage-gated, type X, alpha

subunit

SCN11A or NAV1.9 Sodium channel, voltage-gated, type X, alpha

subunit

TRPV1 Transient receptor potential cation channel,
subfamily V, member 1

UCHL1 or PGP 9.5 Ubiquitin C-terminal esterase L1 (ubiquitin

thiolesterase) or protein gene product 9.5

ELISA
Kenk18 Potassium channel subfamily K member 18
(MBS280172)
MAP2 Microtubule associated protein 2
(MBS703770)
Mrgpr MAS-related G protein-coupled receptor
(MBS9340224)
SCN10A or Nav1.8 Sodium voltage-gated channel alpha subunit
10 (MBS9319177)
IHC
PGP 9.5 Protein gene product 9.5

*The catalogue number of the ELISA kits (MyBioSource, San Diego, CA) is shown
between parentheses after the abbreviation.

ELISA = enzyme-linked immunosorbent assay; IHC = immunohistochemistry; RT-
qPCR = reverse transcription quantitative polymerase chain reaction.

efficiency of these mRNA markers (TaKaRa Bio Europe,
St-Germain-en-Laye, France). Total RNA isolation was
performed using the RNeasy Mini Kit (Qiagen, Antwerp,
Belgium) and complementary DNA (cDNA) was synthe-
sized from 1 ug of RNA using the iScript Advanced cDNA
Synthesis Kit for RT-qPCR (Bio-Rad, Temse, Belgium)
following the respective manufacturers’ instructions.
Amplifications were performed in a Light Cycler LC480
System (Roche, Vilvoorde, Belgium) by using a specific
PrimePCR Assay (Bio-Rad) as given in Table 2.

All results were normalized for transcription and
amplification variations against the results of the vali-
dated reference genes, which are listed in Table 3. The
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TABLE 3. Primer sequences for gPCR
Gene Forward (5" — 3) Reverse (5 — 3) Amplicon size (bp) Accession number Efficiency (%)
EF-1 CTGAACCATCCAGGCCAAAT GCCGTGTGGCAATCCAAT 59 NM_001402 93.9
SDHA TGGGAACAAGAGGGCATCTG CCACCACTGCATCAAATTCATG 86 NM_004168 88.9

bp = base pair; EF-1 = elongation factor 1; gPCR = quantitative polymerase chain reaction; SDHA = succinate dehydrogenase complex flavoprotein subunit A.

normalized relative quantities (NRQs) were calculated
from the obtained cycle quantification (Cq) values with
qBase + software (Biogazelle, Ghent, Belgium) and the
final gene expression results are expressed as the logarithm
of NRQs per 5 ng cDNA.

ELISA

Protein concentrations of KCNK18, SCN10A, MRGPRD,
and MAP2 were measured on diseased sinus and I'T mucosa
and on IT of healthy controls by means of ELISA kits (My-
BioSource, San Diego, CA) according to the instructions of
the manufacturer (Table 2).

Immunohistochemical staining

Nasal polyp tissue and nonpolypous mucosa were gathered
separately from patients with CRSwINP. Twenty tissue sam-
ples from the last 5 CRSsNP and 5 CRSwNP patients were
prepared with PGP 9.5 as primary antibody (Thermo Sci-
entific, Merelbeke, Belgium) in accordance with the man-
ufacturer’s instructions. Random fields of 9 mm? per sam-
ple were systematically analyzed by immunohistochemical
(IHC) staining without knowing the diagnosis or clinical
data.

Statistical analysis

All statistical analyses were performed with the SPSS statis-
tical package, version 25.0 (IBM Corp., Armonk, NY). The
Kolmogorov-Smirnov and Shapiro-Wilk tests were used to
test for normal distribution of the variables. Variables with-
out a normal distribution are presented as median [range].
The mRNA data were used as logarithmic data. To com-
pare continuous variables in 2 groups, we used the Mann-
Whitney U test or a Student # test. Comparisons between
more than 2 groups were made by using the Kruskal-Wallis
test or the 1-way analysis of variance (ANOVA) test as a
parametric test. Confidence interval refers to 95% confi-
dence interval. A 2-sided p value <0.05 was considered to
indicate statistical significance. A post hoc power analysis
with an alpha level of 0.05 on the SCN10A protein concen-
tration suggests that the current sample size has a statistical
power of 71.1%.%¢

Measurements were considered as outliers if the value
was not contained by the interval [Q1 — 1.5*IQR, Q3 +
1.5*IQR] and as extreme outliers if the value lay outside
[Q1 - 3*IQR, Q3 + 3*IQR] (with Q1 = lower quartile;
Q3 = upper quartile; IQR = interquartile range).?”

Results

Clinical data
We included 35 patients with CRSsNP, 47 patients with
CRSwNP, and 18 control patients. All baseline and clinical
patient characteristics are shown in Table 1.

RT-gPCR
We found that only SCN10A mRNA was not detectable in
the peripheral sinus mucosa samples (see Fig. 1).

ELISA

The IT mucosa of patients without sinus disease was used
as control. No significant difference in expression of the
neuronal markers KCNK18, SCN10A, MRGPRD, and
MAP2 was observed between CRSsNP and CRSwNP sinus
mucosa and controls (Fig. 2). Moreover, there was no dif-
ference in expression of the markers between the sinus mu-
cosa of CRSsNP or CRSwWNP and the nasal mucosa of the
respective patient group. None of the markers were signifi-
cantly differently expressed in the IT mucosa of the healthy
controls compared to the IT mucosa of CRSsNP and CR-
SwNP (Supporting Fig. 1). There was also no significant
difference between the nasal tissue of both diseased groups.

IHC

Immunostaining with the pan-neural marker PGP 9.5 was
distributed in the sinus tissue of both CRSsNP (Fig. 3A,B)
and CRSwNP (Fig. 3C,D). Within the CRSWNP group,
neurons were detected both in the nonpolyp mucosa and
in nasal polyps. Nerve fibers surrounding mucosal blood
vessels and glandular ducts were most likely autonomic
fibers (Fig. 3E-G, respectively). No clear difference in
appearance of the neurons was observed between groups,
but thicker nerve fibers, such as shown in Figure 3A,B,
were not found in any of the 10 samples of CRSwNP
patients.

Discussion

Facial pain/pressure/fullness is a cardinal symptom of CRS
but is mostly seen in patients with CRSsNP.? Patients
with CRSwNP suffer by contrast more frequently from
intranasal hypoesthesia and hyposmia.>” The exact role
that nerves play in the inflammation remains an important
challenge for CRS researchers.”® Pain sensation is estab-
lished through a complex pathway; we especially focused
on quantitative differences of nociceptive neurons between
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FIGURE 1. RT-gPCR analysis. The RT-gPCR analysis was performed on CRSsNP and CRSwNP sinus mucosa; IT of patients without sinus disease served as
controls and DRG samples as control for the marker efficiency. Only SCN10A mRNA was not detectable in sinus mucosa. All MRNA markers were measurable
in DRG. (A) CNTNAP2 mRNA, (B) FAM19A1 mRNA, (C) GFRA2 mRNA, (D) NEFH mRNA, (E) NTRK1T mRNA, (F) PLXNC1 mRNA, (G) RET mRNA, (H) SCN10A
mRNA, (I) SCN11A mRNA, (J) TRPV1 mRNA, and (K) PGP 9.5 mRNA. Closed circles represent outliers and open circles represent extreme outliers. The boxes
indicate the median and IQR. CRSsNP = chronic rhinosinusitis without nasal polyps; CRSWNP = chronic rhinosinusitis with nasal polyps; DRG = dorsal root
ganglion; IQR = interquartile range; IT = inferior turbinate; mMRNA = messenger RNA; NRQ = normalized relative quantities; RT-qPCR = reverse transcription

quantitative polymerase chain reaction.

sinonasal mucosa of both CRS phenotypes. Usoskin et al.'3

suggested a classification of nociceptive neurons, in which
every subtype is characterized by multiple marker genes.
To know what genes are specific for neurons in peripheral
sinonasal tissue, we first performed RT-qPCR. Indeed, this
mucosa only contains the peripheral process of the neurons
and not the neuronal mRNA, which is centrally localized
in the TG on the base of the skull. Human DRG-derived
mRNA was used to control the efficiency of the mRNA
markers and PGP 9.5 mRNA was assessed as a general
neuronal marker. Only the mRNA expression of SCN10A
was not measurable in the sinonasal mucosa samples, but

clearly present in DRG, indicating that SCN10A was the
only marker not expressed by other cells than neurons in
the mucosal tissue. The mRNA of all other marker genes
could be amplified from the sinonasal samples, so these are
not specific for sensory neurons.

Therefore, the nociceptor protein markers SCN10A,
KCNK18, and MRGPRD were selected based on our qPCR
results and on the work of Flegel et al.'"* and Manteni-
otis et al.'’ Criteria were trigeminal specificity, height of
expression, and involvement in nociception and inflamma-
tory pain. By contrast, MAP2 is a more general neuronal
marker, not specific for sensory neurons.
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= chronic rhinosinusitis without nasal polyps; CRSWNP = chronic rhinosinusitis with nasal polyps; IQR = interquartile range; IT = inferior turbinate.

There was no difference in expression levels of the
markers on protein level. This indicates that the quan-
tity of neurons and nociceptor neurons is similar in
CRSsNP, CRSwNP, and controls. There was moreover
no significant difference in concentration of the neuronal
protein markers between sinus and nasal tissue in patients
with CRSsNP and CRSwNP. These findings do not,
however, exclude functional differences between the
different subject groups, for example by point mutations
or by the degree of phosphorylation of the SCN10A
channels.

Nasal polyps are classically characterized by damaged
respiratory epithelium, tissue edema, very few blood ves-
sels and glands, and essentially no nerves.’!'! It is even
assumed that the edema is caused by decreased secretory
activity of the glands and abnormal vascular permeabil-
ity due to complete denervation of the nasal polyps. IHC
staining with the pan-neuronal marker PGP 9.5, however,
showed nerve fibers in the nasal polyps and in the nonpolyp
sinus mucosa of CRSwNP patients. Clear differences in ap-
pearance of the nerve fibers or density were not observed
between CRSsNP and CRSwNP by means of ITHC. As a

limiting factor, there is a lot of variation in the histological
pattern of nasal polyps, both between patients and within
the same polyp of a single patient.

In this pilot study, the number of included patients was
rather low. The post hoc power analysis is of concern for
interpreting the nonsignificant results. Because all patients
were included in our tertiary hospital, we cannot exclude a
selection bias of a more severe group of patients. Moreover,
the presence of pain is an argument for a surgical interven-
tion and thus tissue collection. A useful variable that is lack-
ing in our fundamental pilot study is the clinical presence
of pain with its severity and location. Turbinate tissue was
used from control patients because no sinus mucosa was
obtained. However, it is known that the ITs in CRS develop
a similar inflammatory pattern as the sinuses.?’ Moreover,
there was no difference in expression of the protein markers
between the nasal tissue of controls and both CRS pheno-
types. Because this study focused on quantitative neuronal
differences, we cannot exclude functional differences be-
tween the different subject groups, eg, by point mutations,
or by the degree of phosphorylation of the SCN10A
channels.
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FIGURE 3. Immunolabeling with antibodies directed against PGP 9.5 in sinonasal tissues of patients with CRS. PGP 9.5-immunoreactive fibers in sinus mucosa
of a patient with CRSsNP (A,B), in nonpolyp mucosa of a patient with CRSWNP (C), and in a nasal polyp (D). Autonomic fibers around blood vessels in sinus
mucosa of a patient with CRSsNP (E), in a nasal polyp (F), and a in glandular duct in a nasal polyp (G). CRS = chronic rhinosinusitis; CRSsNP = chronic
rhinosinusitis without nasal polyps; CRSWNP = chronic rhinosinusitis with nasal polyps.

International Forum of Allergy & Rhinology, Vol. 10, No. 10, October 2020 1171



Bogaert et al.

Allergy

< Rhir

nology

This is the first work that has investigated whether the
inflammatory reactions in CRS induces alterations in
the local peripheral nociceptor neuronal network. We
showed that the nociceptive nerve density is not lower in
CRSwNP than CRSsNP, as was assumed previously. Both
our findings on protein level and on histology question

Conclusion
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