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Background: Topographical differences in trigeminal receptor distribution of the nasal cavity has been investigated so far indi-
rectly using various agonists to stimulate receptors in different locations. However, polymodal activation of trigeminal receptors
poses difficulties in such investigation. The aim of our study was to examine the distribution of trigeminal receptor mRNA expres-
sion using quantitative PCR.

Methodology: A prospective study was performed in 18 healthy volunteers. Mucosal biopsies were obtained from five different
endonasal locations (covering the anterior, posterior and lateral nasal cavity) for receptor mRNA quantification by means of RT-
PCR.

Results: The highest overall level of RNA expression was found for TRPV1, followed by ACCN3, TRPA1 and TRPM8. Identical distri-
bution pattern could be shown for each investigated area of the nasal cavity. Highest overall receptor density was found in the
posterior septum due to high TRPV1 and ACCN3 receptor expression.

Conclusions: For the first time, we demonstrate a distinct trigeminal receptor RNA distribution pattern of the nasal mucosa. The
highest overall distribution level was found in the posterior nose.
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Introduction

The trigeminal system responds to thermal, mechanical and
chemical stimuli within the nasal and oral mucosa. Studies on
anosmic humans and animals demonstrate the important role
of the trigeminal somatosensory neurons in detecting a broad
range of chemical irritants through the trigeminal system-%.
Contrary to previous assumptions of non-specific interactions
between chemical composites and free trigeminal nerve en-
dings®9, a variety of trigeminal receptors have been identified
in recent years, indicating a ligand- receptor interaction similar
to gustation and olfaction. Transient Receptor Potential (TRP)
Channels, as the main representatives of nasal trigeminal recep-

tors, are grouped by sequence similarity into several subfamilies.

Representatives of three subfamilies were of greater interest in
intranasal perception and therefore investigated in this study.

TRPV1, a vanilloid receptor highly sensitive to capsaicin” and
ethanol®, eliciting a burning pain sensation, TRPA1 receptors
transmitting stinging and burning sensations following cin-
namaldehyde and mustard oil activation®'® and finally TRPMS,
a cold- and menthol sensitive receptor!'”, inducing cooling
sensations including sensations of airflow. In addition, the acid-
sensitive ion channel ACCN3 (or ASIC3) responds to reduction of
extracellular pH and protons'?,

Various studies investigated endonasal chemo-somatosensory
perception of the trigeminal nerve using different methods. For
example, in addition to electrophysiological’*-'* and psychop-
hysical®® measures in healthy humans, trigeminal sensitivity has
also been investigated in patients with chronic rhinosinusitis
and the effect of surgery”. These studies show a distinct muco-
sal distribution of trigeminal perception depending on the sti-
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mulus used. But predominantly a higher sensitivity for chemical
stimuli was found at the anterior portion of the nose suggesting
a sentinel function of the respiratory system. In these studies,
however, different trigeminal agonists were used to activate the
trigeminal system in various locations, aiming to indirectly show
the trigeminal receptor distribution of the nasal cavity. To our
knowledge, no direct proof of receptor distribution was attemp-
ted. Hence, the aim of our study was to investigate topograp-
hical differences in endonasal trigeminal receptor distribution
based on quantification of receptor mRNA using RT-PCR.

Material and Methods

Participants

A prospective study was conducted at the Smell and Taste Cli-
nic/ Department of Otolaryngology of the “Technische Univer-
sitat” (TU) Dresden. The study was performed according to the
Declaration of Helsinki and approved by the Ethics Committee
of the Medical Faculty of the TU Dresden (application number:
EK 88052006).

A total of 18 participants (7 females, 11 males; mean age: 37.9
years; SD: 14) scheduled for septorhinoplasty at the Department
of Otolaryngology took part in the study. Only participants with
a normal sense of smell assessed by the Sniffin’ Sticks Screening
test were included in the study. Further, nasal endoscopy

was performed in all participants to rule out any endonasal
diseases such as polyps or any form of chronic rhinosinusitis,
which posed an exclusion criterion. Additionally, the following
exclusion criteria applied: neurological diseases, any systemic
diseases associated with smell disorders like chronic renal failure
or thyroid disorders, participants with any type of smell impair-
ment, allergic rhinitis, alcohol or drug abuse and those with
systemic diseases relevant to the nose such as granulomatosis
with polyangiitis.

Assessment of olfactory function

The “Sniffin’ Sticks” Screening test!'®' (Burghart Messtechnick
GmbH, Wedel, Germany) was based on the identification of 12
common odors presented in felt- tip pen like odor dispensers.
Odors were presented to the participants for 2 seconds at about
2 cm distance from the nostril. With each Sniffin’ Stick presenta-
tion, participants were asked to identify the odor from a list of
four descriptors in a forced choice procedure. Identifying 10 or
more odors out of 12 was considered normosmic. However, this
test does not allow any further differentiation of smell impair-
ment in participants scoring lower than 10 points.

Endonasal biopsy

In accordance to a study from Scheibe et al.?° five areas in the

nasal cavity were chosen for mucosal biopsy, namely the ante-
rior wall of the sphenoid sinus (area 1), the anterior septum (2),
the posterior septum (3), the insertion of the inferior turbinate
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Figure 1. Nasal picture: (A) illustrates the lateral wall of the nasal cav-
ity and (B) the nasal septum with all 5 locations mucosal biopsies were
taken from: (1) anterior wall of the sphenoid sinus, (2) anterior septum,
(3) posterior septum, (4) insertion of the inferior turbinate, (5) insertion
of the middle turbinate. The graphs show TRPA1, ACCN3 and TRPV1
receptor RNA expression (in relation to the expression of the house-
keeping gene HMBS) in different endonasal areas as demonstrates in
the nasal picture. * indicates significant differences in RNA expression

between sites.

(4) and the insertion of the middle turbinate (5). All biopsy
locations are illustrated in Figure 1. The reason for this choice of
locations was to cover the anterior, posterior, medial and lateral
parts of the nasal cavity to investigate possible topographical
differences of trigeminal receptor distribution. Biopsies were ta-
ken intraoperatively from patients undergoing septorhinoplasty
for aesthetic or functional reasons. Before any local anaesthetics
or any decongesting agent was applied to the nasal cavity,
biopsies were randomly taken from both sides using a Blakesley
forceps. Immediate transfer of the tissue samples to RNAlater
containing RNAse free tubes (QIAGEN, Hilden, Germany, 2ml
tubes) was guaranteed and preserved at 4° C for a maximum of
48 hours.

Receptors of trigeminal perception

From the Transient Receptor Potential Channels, three subfa-
milies are of greater interest in intranasal trigeminal perception
(see introduction). Therefore, we used TRPV1, TRPA1 and TRPM8
to detect endonasal RNA expression by means of RT-PCR as des-
cribed below. Further, RNA quantification was investigated for
the acid sensing ion channel ACCN3 which plays an important
role in the perception of painful und mechanical stimuli.

Quantitation of TRPV1, TRPA1, TRPM8 and ACCN3 mRNA by
RT-PCR: RNA isolation and reverse transcription
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Table 1. Primer sequences of TRPM8 (Transient receptor potential cation channel subfamily M member 8) and HMBS (Hydroxymethyl-bilane synthase)

ordered from Eurofins MWG/ Operon.

Gene

TRPM8 (Transient receptor potential cation
channel subfamily M member 8)

HMBS (Hydroxymethyl-bilane synthase)

Sequences

5'-TCA AGC AAATTT TAA GAA- 3’
3'-CAA AGG CGT CGG TAG GAA AT- 5

5'-TCG GGG AAA CCT CAACACC-3’
3'-CCT GGC CCA CAG CAT ACAT-5'

Accession number length Tm (°C)
NM_024080.4 176 bp 81,0
NM_000190.3 154 bp 86,0

Table 2. Primer sequences of TRPA1 (transient receptor potential cation channel, subfamily A, member 1), TRPV1 (transient receptor potential cation

channel, subfamily V, member 1) and ACCN3 (amiloride-sensitive cation channel 3) ordered from QIAGEN.

Gene

TRPA1 (transient receptor potential cation channel, subfamily A, member 1)

TRPV1 (transient receptor potential cation channel, subfamily V, member 1)

ACCN3 (amiloride-sensitive cation channel 3)

Total RNA was isolated using the optimized phenol guanidinium
isothiocyanate extraction with the commercially available QIA-
GEN kit and in accordance with the manufacturer’s instructions
(,RNeasy Lipid Tissue Mini Kit").

Total RNA concentrations were determined by absorbance mea-
surements at 260 nm. Subsequently, 1 pug total RNA was reverse-
transcribed using RevertAidTM First Strand cDNA Synthesis-Kit
in accordance with the given instructions (Fermentas GmbH,
St.Leon-Roth, Germany). Quantitative PCR of cDNA was also
done in line with the manufacturer’s instructions using Brillant®
Il SYBR® Green QRT-PCR Master Mix Kit (QIAGEN) on a Thermal
Cycler with an integrated micro volume fluorimeter (Techne TC
512, Bibby Scientific Limited, Beacon Road, Stone, Staffordshire
ST15 0SA, UK). The detailed methodology is described else-
Where(21,22)_

The PCR was performed using HMBS (Hydroxymethylbilan
synthase) as the housekeeping gene and gene-specific primers
synthesized according to published cDNA sequences of TRPV1,
ACCN3, TRPA1, TRPMS8 (Table 1, 2).

Reactions were run under the following cycling conditions:

94°C for 2 min (initial activation) succeeded from 35 cycles of
amplification. Each cycle included 30 s denaturation at 95°C,

30 s annealing at 55°C and 30 s of synthesis at 72°C. Amplified
PCR products were visualized through electrophoresis in a 1.5%
agarose gel (Biozym LE, Hessisch-Oldendorf / Germany) contai-
ning ethidium bromide at room temperature and at an electrical
field of 200 V.

Statistical analysis

Data analyses were done by means of SPSS (Statistical Package
for Social Sciences, version 25.0, SPSS Inc., Chicago, IL, USA)
using analyses of variance (ANOVA) for repeated measures
(“within-subject-factor” [endonasal locations]). The t-tests for

Accession number length Tm (°C)
NM_007332.2 136 bp 83
NM_018727.5 92 bp 80,4

NM_004769 112 bp 80

paired samples were used to explore differences in receptor
MRNA expression between different endonasal locations in case
the main effect was significant. The level of significance was set
at p < 0.05.

Results

Overall receptor distribution

For each of the 5 biopsy sites the highest rate for detection was
16 out of 18 participants for TRPV1, 16 of 18 for ACCN3, 14 of 18
for TRPA1 and 12 of 18 for TRPMS. The highest overall RNA ex-
pression in the nasal mucosa was found for the TRPV1 receptor,
followed by ACCN3, TRPA1 and TRPM8.

Receptor distribution in relation to the location

At the anterior sphenoid sinus wall (area 1) TRPV1 had the
highest RNA expression amongst all receptors (mean: 3.05; SD:
0.88; range: 0.58-11.71), followed by the expression of ACCN3
(mean: 0.94; SD: 0.31; range: 0.02-3.76). Very low RNA expression
was found in TRPA1 (mean: 0.016; SD: 0.005; range: 0.0002-0.07)
and TRPM8 (mean: 0.0008; SD: 0.0006; range: 0.00003-0.005).

At the anterior septum (area 2) as in area 1 TRPV1 had the
highest RNA expression (mean: 2.05; SD: 0.62; range: 0.22-8.57)
proceeded from ACCN3 (mean: 0.57; SD: 0.15; range: 0.09-1.74),
while TRPA1 (mean: 0.11; SD: 0.07; range: 0.006-0.78) and TRPM8
(mean: 0.003; SD: 0.002; range: 0.00003-0.03) were low to very
low in RNA expression.

At the posterior septum (area 3) there is a similar receptor distri-
bution as in area 1 and 2 with the highest RNA expression found
for TRPV1 (mean: 4.08; SD: 1.12; range: 0.95-17.39) followed by
ACCNS3 (0.46; SD: 0.09; range: 0.09-1.12) and a very low expres-
sion of TRPA1 (0.04; SD: 0.01; range: 0.001-0.16) and TRPM8
(0.0013; SD: 0.0006; range: 0.0001-0.007).

At the insertion of the inferior and the middle turbinate (areas
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4 and 5), again TRPV1 RNA (it: mean: 2.12; SD: 0.58; range:
0.14-8.11; mt: mean: 2.33; SD: 0.32; range: 0.74-4.82) was mainly
expressed, followed by ACCN3 (it: mean: 0.46; SD: 0.09; range:
0.09-1.12; mt: mean: 0.69; SD: 0.40; range: 0.13-1.72), TRPA1 (it:
mean: 0.13; SD: 0.06; range: 0.005-0.63; mt: mean: 0.17; SD: 0.12;
range: 0.002-1.73) and TRPMS (it: mean: 0.0007; SD: 0.0003;
range: 0.00006-0.004; mt: mean: 0.0008; SD: 0.0003; range:
0.00002-0.004).

Taken together, TRPV1 was found to have consistently the
highest RNA expression in all areas, followed by ACCN3, TRPA1
and TRPMS.

Receptor types and their distribution

TRPV1 had the highest expression at the posterior septum (area
3), followed by the insertion of the middle turbinate (area 5), the
anterior sphenoid sinus wall (area 1), the insertion of the inferior
turbinate (area 4) and the anterior septum (area 2). There was a
significantly higher RNA expression at the posterior septum as
compared to the anterior septum (t (13) =-2,913, p=0.012) and
the insertion of the inferior turbinate (t (12) = 2,791, p = 0.016).
No significant differences emerged between the other areas (all
ps > 0.05).

Overall, ACCN3 was less expressed in all investigated areas than
TRPV1.The highest expression was registered at the anterior
sphenoid sinus wall (area 1), followed by the posterior septum
(area 3), the insertion of the middle turbinate (area 5), the ante-
rior septum (area 2) and the inferior turbinate (area 4). As with
TRPV1, a significantly higher RNA expression could be shown at
the posterior septum as compared to the anterior septum (t (12)
=-2.68, p = 0.02). Further, significantly higher ACCN3 RNA could
be detected at the insertion of the middle turbinate as compa-
red to the inferior turbinate (t (12) =-2.21, p = 0.047).

TRPA1 had the third lowest overall RNA expression in the nasal
mucosa with the highest expression, contrary to the other two
receptors, located at the antero- inferior portions of nasal cavity,
namely the insertion of the inferior turbinate and the anterior
septum. In contrast, the lowest expression was found in the pos-
tero- superior areas of the nose, like the posterior septum fol-
lowed by the insertion of the middle turbinate and the sphenoid
sinus. In line with this distribution pattern, a significantly higher
RNA expression was found at the anterior septum as compared
to the anterior sphenoid sinus wall (t (9) =-2,936, p=0.017).
Result of TRPV1, ACCN3 and TRPA1 are demonstrated in Figure 1.
In general, very low expression of the TRPM8 RNA was found in
all areas. However, looking at their distribution, a predominantly
medial mucosal wall distribution emerged with the highest
concentrations found at the anterior sphenoid sinus wall, the
posterior septum and the anterior septum. Whereas the lateral
wall with the insertion of the middle and the inferior turbinate
was very low in TRPM8 RNA expression. However, no significant
differences emerged between the areas (all ps > 0.05).
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Discussion

The results of this study demonstrate that 1) the highest overall
RNA expression in the nasal mucosa was found for TRPV1, fol-
lowed by ACCN3, TRPA1 and TRPMS8. Further, 2) in each area of
the nose TRPV1 was found to have the highest RNA expression.
Interestingly, 3) identical patterns of distribution were found in
each investigated nasal area. Looking at the receptor expres-
sion on an individual level, we could show that 4) TRPV1 was
primarily expressed in the posterior parts of the nose, namely
the posterior septum, with a significantly higher expression as
compared to the anterior parts like the anterior septum and the
insertion of the inferior turbinate. 5) Likewise, ACCN3 was mainly
expressed in the posterior portions with a significantly higher
expression seen in the posterior septum as compared to the
anterior septum. 6) Consequently, highest receptor density was
found in the posterior septum. In contrast to TRPV1 and ACCN3,
7) TRPA1 was mainly expressed in the antero- inferior portions
of the nose with a significantly higher RNA expression in the
anterior septum as compared to the anterior sphenoid wall.

8) Due to limited TRPM8 mRNA detectability with borderline
values, no meaningful interpretation could be drawn regarding
its topographical distribution.

Several studies looked at the topographical differences in
trigeminal perception of the nasal cavity using various metho-
dological approaches. Scheibe et al. used negative mucosa
potential (NMPs) recordings - an electrophysiological measure
of trigeminal activity at the level of the respiratory epithelium
-in response to CO, stimulation to show highest sensitivity at
the anterior part of the endonasal cavity"®. Using recordings of
chemosensory event-related potentials (ERP) in response to CO,
stimulation, Frasnelli et al. showed, in line with the above- men-
tioned studies, the highest sensitivity at the anterior portion of
the nasal cavity. This view, however, is questioned by work from
Melzner et al.”® indicating that the posterior part of the nasal
cavity exhibits higher trigeminal sensitivity at threshold level
than anterior portions.

We looked at the topographical distribution of selected trige-
minal receptors by means of receptor RNA quantification using
RT-PCR. Considering that CO, mainly activates ACCN3 receptors,
our study shows, contrary to most results discussed above that
would favour a high ACCN3 expression in the anterior portions,
a significantly higher ACCN3 expression in the posterior as com-
pared to the anterior septum. Meusel et al. also demonstrate
significantly higher NMP responses to CO, at the anterior parts
of the nose®. However, NMP amplitudes in response to ethanol,
a substance mainly activating TRPV1 receptors, were found to be
largest at the posterior septum, which confirms on a functional
level our findings of a significantly higher TRPV1 RNA expression
in the posterior septum as compared to the anterior portions of
the nose. However, polymodal activation of trigeminal recep-
tors, indicating a receptor sensitivity to multiple stimuli©>2),



poses an additional challenge to investigate topographical dis-
tributions of receptors. In this case, the most reliable method to
study endonasal distribution of trigeminal receptors would be
direct proof of receptor RNA from various endonasal locations,
as done in our study.

Further, with the highest overall RNA expression found in the
posterior nose, the potential importance of the posterior region
for airway protection might have been underestimated and con-
tradicts the so far generally accepted idea of the anterior nose as
a sole protector of the airway.

Due to the invasiveness of tissue sampling, a limited number

of subjects was recruited. Along with potential methodologi-

cal barriers, this led to a limited RNA detectability, at least for
some of the investigated receptors. However, even if the RNA
concentrations might be underestimated, the similar distribu-
tion pattern of the receptors across all mucosal areas seems to
represent a reliable picture of the endonasal trigeminal receptor
arrangement. In this case, TRPV1 and ACCN3, showing the
highest expression amongst the investigated receptors, seem to
play a major role in endonasal trigeminal perception, as seen for
pain perception in animals lacking the TRPV1 channel®2®),
TRPM8 showed very low RNA expression in the mucosal biopsies
as compared to TRPV1 and ACCN3. TRPM8 receptors seem to

be located in the sub-epithelium or deeper glandular regions,
while TRPV1 was detected rather in the peripheral epithelium®
which could explain the differences in RNA detectability. Work
by Scheibe et al.®? indicates that decreased endonasal trigemi-
nal sensitivity may result in a feeling of nasal congestion which
in turn may lead to surgical procedures. Considering that all
participants from our study underwent septorhinoplasty for aes-
thetic but also functional reasons, we have to take into account
that the low concentrations of TRPM8- a receptor which was
reported to play an important role for airstream detectability in
nasal breathing®'3? - might be underrepresented in the present
population. Whether the methodological limitations, the selec-
tion bias or others are accountable for the very low detectability
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of TRPMS8 in particular remains unclear and should be further
investigated.

Finally, in this study, we wanted to investigate the topographical
distribution of trigeminal receptors in the nasal cavity and the
feasibility of this study using RT-PCR to detect various receptor
mRNA. No psychophysical testing was performed to correlate
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Conclusions

In summary, we demonstrated for the first time a distinct
distribution of trigeminal receptor RNA in the nasal mucosa
using quantitative RT-PCR. While the present literature indicates
higher trigeminal sensitivity in the anterior portions of the nose,
our study shows a rather posteriorly dominated mRNA expres-
sion for the investigated receptors, with the highest expression
found for TRPV1 and ACCN3.
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