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Loss of Ap-nerve endings associated with the Merkel
cell-neurite complex in the lesional oral mucosa
epithelium of lichen planus and hyperkeratosis

Daniela Calderén Carrion!, Yiiksel Korkmaz'>>, Britta Cho?, Marion Koppl, Wilhelm Bloch?, Klaus Addicks®
and Wilhelm Niedermeier’

The Merkel cell-neurite complex initiates the perception of touch and mediates Ap slowly adapting type | responses. Lichen planus is a
chronic inflammatory autoimmune disease with T-cell-mediated inflammation, whereas hyperkeratosis is characterized with or without
epithelial dysplasia in the oral mucosa. To determine the effects of lichen planus and hyperkeratosis on the Merkel cell-neurite complex,
healthy oral mucosal epithelium and lesional oral mucosal epithelium of lichen planus and hyperkeratosis patients were stained by
immunohistochemistry (the avidin-biotin-peroxidase complex and double immunofluorescence methods) using pan cytokeratin,
cytokeratin 20 (K20, a Merkel cell marker), and neurofilament 200 (NF200, a myelinated Af- and Ad-nerve fibre marker) antibodies.
NF200-immunoreactive (ir) nerve fibres in healthy tissues and in the lesional oral mucosa epithelium of lichen planus and hyperkeratosis
were counted and statistically analysed. In the healthy oral mucosa, K20-positive Merkel cells with and without close association to the
intraepithelial NF200-ir nerve fibres were detected. In the lesional oral mucosa of lichen planus and hyperkeratosis patients, extremely
rare NF200-ir nerve fibres were detected only in the lamina propria. Compared with healthy tissues, lichen planus and hyperkeratosis
tissues had significantly decreased numbers of NF200-ir nerve fibres in the oral mucosal epithelium. Lichen planus and hyperkeratosis

were associated with the absence of Ap-nerve endings in the oral mucosal epithelium. Thus, we conclude that mechanosensation
mediated by the Merkel cell-neurite complex in the oral mucosal epithelium is impaired in lichen planus and hyperkeratosis.
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INTRODUCTION

The receptors of the oral mucosa are classified as thermoreceptors,
mechanoreceptors and nociceptors. Thermoreceptors are nerve end-
ings that perceive warming and cooling stimuli." Mechanoreceptors
are specialized receptors that perceive stretch, touch and pressure
stimuli,’ while nociceptors are receptors that perceive painful sti-
muli.' Compared with free nerve endings in the oral mucosa, the
encapsulated nerve endings such as Pacinian corpuscles, Meissner
corpuscles and Merkel cells are specialized mechanoreceptors.

The afferent nerve endings innervate the mucosa and skin are cate-
gorized by their conduction velocity into three groups: A, A and C
nerve fibres and nerve endings."” The sensation of touch is mediated
by AB fibres. Nociception is mediated by AS- and C-fibres.! The Ap-
nerve fibres are subdivided into three groups: slowly adapting type I
and type II nerve fibres and rapidly adapting nerve fibres. The slowly
adapting type I nerve fibres innervate Merkel cell-neurite com-
plexes,*™ while the slowly adapting type II nerve fibres innervate
Ruffini corpuscles." The rapidly adapting nerve fibres innervate

Meissner and Pacinian corpuscles. Merkel cells have been proposed
to be the mechanosensory receptor cells within the Merkel cell-neurite
complexes because Merkel cells form synaptic contacts with somato-
sensory afferent nerve endings."* The Merkel cell-neurite complex is a
unique sensory unit that mediates mechanosensation.”” Merkel cells
respond to touch stimuli and induce an action potential on the affer-
ent nerve fibres that innervate the cells.””

The cutaneous peripheral nervous system is known to be involved
in epidermal homeostasis. For example, the proliferation of keratino-
cytes is modulated by skin innervation.® Sensory neuropeptide sub-
stance P regulates skin immunity via its receptor, NK-R1,” while the
neuropeptide calcitonin gene-related peptide (CGRP) is involved in
the regulation of local keratinocyte growth.'® In the epidermis, the
neuropeptide CGRP may have inhibitory immunomodulatory effects
on Langerhans cell-mediated antigen presentation.''™"

It was described that reduced sensory perception by the oral mucosa
epithelium following loss of teeth is compensated by an increase in the
local Merkel cell numbers of the oral mucosa epithelium.'? From these

!Department of Prosthetic Dentistry, Dental School, University of Cologne, Cologne, Germany; “Center for Biochemistry, Institute for Experimental Dental Research and Oral
Musculoskeletal Biology, Medical Faculty, University of Cologne, Cologne, Germany; >Department of Anatomy, University of Cologne, Cologne, Germany and “Department of
Molecular and Cellular Sport Medicine, German Sport University, Cologne, Germany

Correspondence: Dr'Y Korkmaz, Center for Biochemistry, Institute for Dental Research and Oral Musculoskeletal Biology, Medical Faculty, University of Cologne, Kerpener-Street
32, Cologne 50931, Germany

E-mail: yueksel.korkmaz@uk-koeln.de

Accepted 15 July 2015


www.nature.com/ijos

results, it was concluded that the reduction in the perception by the
oral mucosal epithelium is compensated by an increase in the local
Merkel cell population.'” These results indicate that Merkel cells are
involved in the regulation of mechanosensation in the healthy oral
mucosal epithelium.

In the oral mucosa, lichen planus is a chronic inflammatory auto-
immune disease that involves T-cell-mediated inflammation. Oral
hyperkeratosis is characterized by epithelial hyperkeratosis and hyper-
parakeratosis, with or without epithelial dysplasia. Under the effects of
several different harmful irritants that trigger lichen planus and hyper-
keratosis, cells of the oral mucosal epithelium reveal different changes
associated with inflammation, degeneration, hyperplasia or dysplasia.
To avoid non-physiological harmful stretch and pressure stimuli in
the design of dental prosthodontics treatment, knowledge regarding
mechanosensation in oral mucosal diseases, including lichen planus
and hyperkeratosis, is of major importance. However, the effects of
lichen planus and hyperkeratosis on the relationship between Merkel
cells and nerve endings in the oral mucosa are not known.

The finding that cytokeratin 20 (K20) is a reliable marker for cuta-
neous Merkel cells'* was also confirmed in Merkel cells of the oral
mucosa.'® To determine the effects of lichen planus and hyperkera-
tosis on the Merkel cell-AB-nerve ending complex in the oral mucosal
epithelium, the localization and colocalization of neurofilament 200
(NF200, a marker for AB-nerve endings) and K20 were investigated by
immunohistochemistry using an avidin-biotin-peroxidase complex
and confocal double immunofluorescence methods in the healthy
human oral mucosa epithelium and in lesional oral mucosa epithe-
lium biopsies of lichen planus and hyperkeratosis patients.

MATERIALS AND METHODS

Tissue sample collection

Samples with lichen planus (n = 8) and hyperkeratosis (n = 6) origi-
nated from the buccal oral mucosa, while normal samples originated
from the oral mucosa of the retromolar (n = 2) and palatal (n = 2)
regions. Merkel cell numbers in the oral mucosa vary depending on the
site (i.e., keratinized or non-keratinized oral mucosa).

Healthy oral mucosa samples from patients who were treated by
plastic surgery were collected. The patients agreed to have their tissues
examined for research purposes. The procurement of human oral
mucosa samples at the time of surgery was approved by the Human
Ethics Committee of Heinrich-Heine-University, Diisseldorf.

The clinical and pathological characterization of tissue samples
Clinical histories were collected, and investigations of the subjects
were performed to diagnose lichen planus and hyperkeratosis in the
Clinic and Polyclinic for Oral and Maxillofacial Surgery of the
University of Cologne. The histopathological diagnosis was confirmed
by hematoxylin and eosin (H&E) staining.

Tissue fixation, embedding and sectioning

The tissue samples were prepared and collected in a fixative containing
4% paraformaldehyde and 0.2% picric acid solution in 0.1 mol-L™"
phosphate-buffered saline (PBS; pH 7.4). The tissue samples were
washed in 0.1 mol-L™' PBS (pH 7.4) at 4 ‘C and embedded in paraffin.
Using a microtome (HM 355 S Microtom; Microm International
GmbH, Walldorf, Germany), the samples were cut into 10-pm-thick
sections.

Hematoxylin and eosin staining
The sections were deparaffinized in xylenes and rehydrated in a series of
ethanol washes at decreasing concentrations. Then, the sections were
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washed in distilled water and immersed into Mayer’s hematoxylin solu-
tion for 10 min, washed in running tap water, rinsed in distilled water
for 2 min and then immersed in eosin solution for 1 min. The sections
were dehydrated in ethanol, cleared in xylenes and mounted in Entellan
(Merck, Darmstadt, Germany).

Immunohistochemistry

Avidin-biotin-peroxidase complex method. The deparaffinized sec-
tions were washed in 0.05 mol-L™"' tris(hydroxymethyl)amino-
methane (Tris)-buffered saline (TBS), and the sections were treated
with proteinase K (DAKO, Hamburg, Germany) for 3 min. The endo-
genous peroxidase activity was inhibited by 0.05 mol-L ™" TBS con-
taining 0.3% H,O,. Then, the sections were treated with 0.25% Triton
X-100. The non-specific-binding sites for antibodies were blocked
with 2% bovine serum albumin (BSA; PAA Laboratories GmbH,
Colbe, Germany) and 5% normal goat serum (NGS; Vector
Laboratories, Burlingame, CA, USA). Subsequently, the sections were
incubated with the following antibodies: mouse monoclonal anti-pan
cytokeratin (pK, 1:100; Sigma, St. Louis, MO, USA), rabbit anti-K20
(1:250, Abcam, Cambridge, UK) and mouse anti-NF200 (1:2 000,
Sigma, Taufkirchen, Germany). The sections were incubated with
biotinylated goat anti-mouse (1:50) and goat anti-rabbit IgG (1:100,
Vector Laboratories, Burlingame, CA, USA), as appropriate, corres-
ponding to the primary antibodies. Then, the sections were incubated
in avidin-biotin-peroxidase complex (1:100; Vector Laboratories,
Burlingame, CA, USA) and the immunohistochemical-binding sites
were visualized with 0.05% 3,3’-diaminobenzidine tetrahydrochloride
(Sigma, Taufkirchen, Germany) in 0.05 mol-L ™! Tris-HCl buffer, pH
7.6, containing 0.01% H,O, and 0.01% nickel ammonium sulphate.
The sections were mounted in Entellan (Merck, Darmstadt, Germany).
Incubations without primary antibodies but with secondary antibodies
(affinity-purified biotinylated goat anti-mouse IgG (Vector Laboratories,
Burlingame, CA, USA) and affinity-purified biotinylated goat anti-rabbit
IgG (Vector Laboratories, Burlingame, CA, USA) were carried out as
controls, as previously described.'®

Double immunofluorescence. The sections were deparaffinized and
treated with proteinase K (DAKO, Hamburg, Germany) for 3 min.
The non-specific-binding sites for the antibodies were blocked with
blocking solution containing 2% BSA and 5% NGS. The sections
were incubated with mouse monoclonal anti-NF200 (1:2 000; Sigma,
Taufkirchen, Germany) antibody overnight at 4 “C. Then, the sections
were incubated with 488-DyLight-conjugated goat anti-mouse IgG
(Pierce Biotechnology, Rockford, IL, USA) at 1:1 000. After blocking
of the non-specific-binding sites by using a blocking solution containing
2% BSA and 5% NGS, the sections were incubated with rabbit poly-
clonal anti-cytokeratin 20 (K20) (Abcam, Cambridge, UK) at a 1:250
dilution in 0.05 mol-L ™" TBS overnight at 4 ‘C. Then, the sections were
incubated with 550-DyeLight conjugated goat anti-rabbit IgG (Pierce
Biotechnology, Rockford, IL, USA) at a dilution of 1:500. For cell nuc-
leus identification, the sections were incubated with DRAQ5 (Axxora,
Lorrach, Germany). The sections were mounted in Aqua Poly/Mount
(Polysciences, Warrington, PA, USA). In double immunohistochemical
incubations, controls were performed by incubating sections without the
first (NF200) and second (K20) primary antibodies but with DRAQ5 to
stain DNA and with secondary antibodies (488-DyLight-conjugated goat
anti-mouse IgG and 550-DyLight-conjugated anti-rabbit IgG), as prev-
iously described."”
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Confocal image analysis

Three colour fluorescent images were acquired on an LSM 510
META confocal microscope (Carl Zeiss, Oberkochen, Germany).
The 488-nm excitation beam of an argon—krypton laser and a 505—
530-nm band-pass emission filter were used to selectively view the
green fluorochrome (for the identification of NF200). The 543-nm
excitation beam and 560-613-nm band-pass emission filter were used
to selectively view the red fluorochrome (for the identification of K20).
The 633 nm excitation beam and 649-702-nm band-pass emission
filter were used to selectively view the far-red fluorochrome (for the
identification of DRAQ5)."”

Quantification of nerve fibres and statistical analysis

In the immunohistochemical incubations, consecutive sections of the
oral mucosa were stained with pK, K20 and NF200 using the avidin-
biotin complex method. The nerve fibres and nerve endings were
identified for quantification by staining for NF200. For the quantifica-
tion, one section per patient was selected. The quantification was
performed in four sections (n = 4) from four healthy individuals, in
eight diseased lichen planus sections (n = 8) from eight patients and in
six diseased hyperkeratosis sections (n = 6) from six patients.

NF200-immunoreactive (ir) nerve fibre profiles were visualized
using conventional light microscopy. NF200-ir sections were viewed
at X10 magnification using an Olympus microscope (Olympus
Deutschland GmbH, Hamburg, Germany) attached to a phosphati-
dylcholines containing Cell F imaging software (Olympus Soft
Imaging Solutions GmbH, Miinster, Germany) Images were coded
to blind the investigator to the patient number and status.

Nerve fibres and nerve endings distributed in the lamina propria,
in the basal cell layer and in the intraepithelial area were fixed in a
10° um? area. Using a computerized image analysis system (Cell F ;
Olympus Soft Imaging Solutions GmbH, Miinster, Germany), the
branching of nerve fibre bundles (as two or three units, depending
on the branching of the nerve fibre bundles), of each nerve fibre (as
one unit), across sectioned nerve fibres (as one unit) and of exclusive
free nerve endings (as one unit) were counted per sections. Then, the
numbers of the nerve fibres in the lesional oral mucosa of lichen planus
and hyperkeratosis patients were statistically analysed.

Data were presented as the mean * standard error of the mean
(SEM). The results were analysed using one-way analysis of variance,
and the differences between the healthy and the diseased with lichen
planus and hyperkeratosis groups were compared using Bonferroni’s
post hoc test. Statistical significance was defined as P < 0.05.

RESULTS

In the healthy oral mucosa, epithelial cells formed an intact epithelial
barrier with regular rete pegs. In the lamina propria, collagen fibres,
blood vessels, nerve fibres, and stromal cells showed a regular cellular
architecture (data not shown). In lichen planus, the epithelium was
thin, and numerous inflammatory cells were identified in the basal
layer as well as in the lamina propria. Regarding hyperkeratosis, sec-
tions from four patients revealed non-dysplastic changes, and sections
from two patients revealed dysplastic changes.

pK expression in keratinocytes and Merkel cells, K20 expression in
Merkel cells and NF200 expression in the nerve fibres and nerve
endings of the oral mucosa

Compared with the moderate staining of keratinocytes, strong stai-
ning intensity for pK was detected in Merkel cells lying at the basal
layer of the oral mucosa (Figure 1a). Strong K20 (a specific Merkel
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Figure 1 The expression of pK in keratinocytes and K20 in Merkel cells and
the localization of NF200 in nerve fibres of healthy human oral mucosa. (a) In
the healthy oral mucosal epithelium, pK is detected with different staining
intensities (dependent on the epithelial layer) in keratinocytes and in Merkel
cells of the oral mucosal epithelium. (b) K20 is identified only in Merkel cells
located at the basal layer of the epithelium. (c and d) NF200 is located in nerve
fibres and nerve endings distributed in the intraepithelial area (one asterisk), in
the basal layer of the epithelium (two asterisks) and in the lamina propria of the
healthy oral mucosa. (e) DRAQ5 (chromosome marker) is identified in cell
nuclei of the keratinocytes (blue). Intraepithelial NF200-ir nerve fibres (green)
are detected in association (yellow) with the K20-ir Merkel (red) cells at the
basal layer of the epithelium. Note that some intraepithelial NF200-ir
nerve fibres are not associated with the Merkel cells (arrows). Bars: a—-d =
50 pm; e = 10 pum. bl, basal layer; ir, immunoreactive; K20, cytokeratin 20;
Ip, lamina propria; NF200, neurofilament 200; ome, oral mucosal epithelium;
pK, pan cytokeratin.



cell marker)-staining intensity was identified only in the Merkel cells
(Figure 1b). NF200-ir nerve fibres and nerve endings were detected
in the epithelium, the basal layer (Figure 1c) and the lamina propria
(Figure 1d) of the oral mucosa. By confocal double immunofluores-
cence staining, NF200-ir nerve fibres and nerve endings were
detected; some of these nerve fibres and nerve endings were closely
associated with the Merkel cells at the basal layer of the epithelium,
whereas some detected intraepithelial NF200-ir nerve fibres and end-
ings were not closely associated with the Merkel cells of the healthy
oral mucosal epithelium (Figure le).
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The loss of NF200-ir nerve fibres and nerve endings in the lesional
oral mucosa epithelium of lichen planus

The lesional oral mucosa epithelium of lichen planus was characterized by
H&E staining (Figure 2a and 2b). In lichen planus tissue sections, the
epithelium was usually thin, (Figure 2a) and rete pegs were not detectable
(Figure 2b). Numerous inflammatory cells were identified in the basal
layer as well as in the lamina propria of the diseased oral mucosa
(Figure 2b). In inflammation-associated cases, structural changes
were observed in the basal layer and in the epithelium (Figure 2b).
Keratinocytes of the oral mucosal epithelium and Merkel cells lying at
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Figure 2 The expression of pK in keratinocytes and K20 in Merkel cells and the localization of NF200 in nerve fibres of the lesional human oral mucosa of lichen
planus. (a) In lichen planus, the epithelium is thin, and rete pegs are not identified by H&E staining. (b) The basal layer is not intact, and there are numerous
lymphocytes with chronic inflammation in the lamina propria (detail of the squared area in a). (c) Keratinocytes are moderately positive for pK. Merkel cells are strongly
positive for pK. (d) Only Merkel cells located at the basal layer are positive for K20. (e and f) Compared with the healthy oral mucosa, the lesional oral mucosa of lichen
planus is associated with a significantly decreased number of NF200-ir nerve fibres distributed in the lamina propria (asterisks). (g) DRAQ5 is detected in the nuclei of
cells of the diseased lichen planus tissue section. NF200-ir nerve fibres and nerve endings associated with the K20-ir Merkel cells are not detected. (h) The lesional oral
mucosa of lichen planus is associated with a significantly decreased number of NF200-ir nerve fibres compared with the healthy oral mucosa. Bar: a =1 mm; b-f =50
pum; g = 20 um. bl, basal layer; H&E, hematoxylin and eosin; ir,immunoreactive; K20, cytokeratin 20; Ip, lamina propria; NF200, neurofilament 200; ome, oral mucosal
epithelium; pK, pan cytokeratin.
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the basal layer of the epithelium revealed positive staining for pK
(Figure 2c). Strong K20-staining intensity was observed in Merkel cells
of the lesional oral mucosa epithelium of lichen planus (Figure 2d).

NF200-ir nerve fibres and nerve endings were not detected in the
lesional buccal mucosa epithelium of lichen planus (Figure 2e). In the
lesional oral mucosa of lichen planus, NF200 was identified only in
single nerve fibres and nerve endings distributed in the lamina propria
(Figure 2e and 2f). K20-positive Merkel cells were identified without an
association with nerve fibres and nerve endings (Figure 2g). Lichen
planus was associated with a significant decrease in the number of
NF200-positive nerve fibres found in the oral mucosa compared with
the number found in the healthy oral mucosa (Figure 2h).
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The loss of NF200-ir nerve fibres and nerve endings in the lesional
oral mucosa epithelium of hyperkeratosis

The lesional oral mucosa epithelium of hyperkeratosis was charac-
terized by conducting H&E staining (Figure 3a and 3b). The cell
nuclei of keratinocytes at the basal layer were larger than nuclei of
the keratinocytes in the other oral mucosal epithelial layers
(Figure 3b). Numerous large oval basal epithelial cell extensions
into the underlying connective tissue were detected (Figure 3b).
In some cases of hyperkeratosis, occasional inflammatory cells were
identified (data not shown). In the lesional buccal epithelium of
hyperkeratosis, pK was detected in the keratinocytes (Figure 3c).
K20 was detected with strong staining intensity in the cytoplasm
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Figure 3 The expression of pK in keratinocytes and K20 in Merkel cells and the localization of NF200 in nerve fibres of the lesional human oral mucosa of
hyperkeratosis. (a and b) In hyperkeratosis, the numerous great oval basal epithelial cell extensions at the basal cell layer are identified by H&E staining (b = detail of
the squared area in a). (c) Except for in the basal layer, keratinocytes and Merkel cells stain positively for pK. (d) Merkel cells distributed in the basal layer are strongly ir
for K20. (e) NF200-ir is not detectable in the nerve fibres of the lesional epithelium of hyperkeratosis. (f) NF200 is identified only in single nerve fibres in the lamina
propria (asterisks). (g) NF200-ir nerve fibres and nerve endings are not detected in relation to K20-ir Merkel cells of the lesional oral mucosal epithelium of
hyperkeratosis. (h) Compared with healthy oral mucosa, lesional oral mucosa of hyperkeratosis is associated with a significantly decreased number of NF200-ir
nerve fibres. Bars: a = 1 mm; b—f = 50 um, g = 20 um. bl, basal layer; H&E, hematoxylin and eosin; ir, immunoreactive; K20, cytokeratin 20; Ip, lamina propria;

NF200, neurofilament 200; ome, oral mucosal epithelium; pK, pan cytokeratin.
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and with weak staining intensity in the nuclei of Merkel cells
(Figure 3d).

In the lesional oral mucosal epithelium of hyperkeratosis, NF200
immunoreactivity was not detected in the intraepithelial area and at
the basal layer of the epithelium (Figure 3e). Only single nerve
fibres and nerve endings in the lamina propria were positive
for NF200 (Figure 3f). K20-stained Merkel cells were detected
without an association with nerve fibres or nerve endings in the
lesional oral mucosal epithelium of hyperkeratosis (Figure 3g).
Hyperkeratosis was associated with a significant decrease in the
number of NF200-positive nerve fibres detected in the oral mucosa
compared with the number identified in the healthy oral mucosa
(Figure 3h).

Immunohistochemical controls

In control incubations, non-specific immunoreactivity was not
detected (data not shown). In double confocal immunofluorescence
staining, control incubations without the first and second primary
antibodies resulted in disappearance of the specific immunohisto-
chemical reaction (data not shown).

Statistical analysis

In the sections of healthy oral mucosa, numerous NF200-ir nerve
fibres and nerve endings were counted in the lamina propria and
intraepithelial area (n = 4; (108.86 *= 47.90) densitometric units
(DUs)). In tissues from patients with lichen planus and especially
hyperkeratosis, nerve fibres were only detected rarely in the lamina
propria. Compared with the healthy oral mucosa, the oral mucosa
from lichen planus patients is associated with a significantly reduced
number of NF200-ir nerve fibres (n = 8; (20.08 *= 9.11) DUs)
(Figure 2h). Regarding hyperkeratosis (n = 6; (17.77 = 10.25) DUs),
the number of NF200-ir nerve fibres identified was significantly decreased
compared with the NF200-ir nerve fibres and nerve endings identified in
the healthy oral mucosa (Figure 3h).

DISCUSSION

In the healthy human oral mucosa, Merkel cells were detected in
association with intraepithelial NF200-ir nerve fibres. Lichen planus
and hyperkeratosis were associated with a loss of NF200-ir nerve fibres
and nerve endings in the oral mucosal epithelium. The loss of the
association between nerve endings and Merkel cells was similar in
hyperkeratosis with non-dysplastic changes and with dysplastic
changes. From these results, it may be suggested that the lichen
planus-, and hyperkeratosis-associated loss of nerve endings in the
Merkel cell-neurite complex of the buccal mucosa results in impair-
ment of the Merkel cell-neurite complex-modulated perception of
touch signalling in the oral mucosal epithelium.

In healthy buccal mucosal epithelium, NF200 (a marker of myeli-
nated sensory AP- and Ad-nerve fibres) was detected in intraepithelial
nerve endings in close association with keratinocytes. It was shown
that keratinocyte proliferation at the epithelial basal layer was modu-
lated by AB- and AS-nerve fibres and nerve endings.® In addition to the
noxious stimulus transduction of external stimuli to the central nerv-
ous system, evidence suggests that sensory nerve fibres influence
keratinocytes”'* and Langerhans cells'' "% by releasing sensory neu-
ropeptides. It is known that sensory AB- and Ad-nerve fibres contain
abundant sensory neuropeptides, especially substance P and CGRP.
Therefore, it is possible that the function of the oral mucosal epithe-
lium is modulated by sensory nerve fibres by a balance between the
growth and differentiation of keratinocytes, which may be regulated
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by the sensory neuropeptides substance P and CGRP under physio-
logical conditions. In contrast to the healthy buccal mucosal epithe-
lium, the absence of the AB- and Ad-nerve fibres and nerve endings in
diseased oral mucosal epithelium indicates that the neuropeptide-
dependent regulation of Langerhans cells and keratinocytes is
impaired in the cases of lichen planus and hyperkeratosis. It is clear
that keratinocytes may be affected by lichen planus and hyperkeratosis
in a lesion-dependent manner by a number of other unknown com-
plex mechanisms.

Merkel cells are required for touch sensitivity."'® In in vitro'® and
in vivo' experiments, it was found that a close relationship exists
and that contact occurs between nerve endings and Merkel cells.
Merkel cells contain dense-core vesicles that resemble neurosecre-
tory vesicles.”® The reciprocal synapses were detected at the contact
regions between Merkel cell plasma membrane and neurite plasma
membrane.”’ Merkel cells express the molecular tools required to
send excitatory as well as modulatory signals to sensory neurons.* In
Merkel cells, the expression of neuronal transcriptional factors, volt-
age-gated ion channels (voltage-gated K'-channel subunits) and
synaptic proteins was demonstrated.® These results support the
notion that Merkel cells are sensory receptor cells that transmit
touch signals to the nerve endings of somatosensory neurons
through synaptic contacts. Finally, it was shown that the depolariza-
tion of Merkel cells induced action potentials in slowly adapting
type I afferent nerve fibres that innervated Merkel cells.® In contrast,
the hyperpolarization of Merkel cells suppressed touch-induced
action potentials.’ In this mechanosensation process, Piezo22, a
mechanical activated cation channel, is required for touch-induced
activity in Merkel cells.” These results indicate that Merkel cells
regulate mechanosensation by inducing action potentials in the
afferent nerve fibres in response to touch stimuli. In the present
study, the close relationship between NF200-positive nerve endings
and K20-positive Merkel cells of the healthy buccal mucosa indi-
cated that physiological touch perception exists in the buccal muco-
sal epithelium. Merkel cells are mechanosensory cells that activate
Ap-sensory afferent endings in the healthy buccal mucosa.

There is evidence®> ™ supporting the finding that the Merkel cell-
neurite complex unit is required for intact mechanosensory touch
signalling. The removal of Merkel cells by enzymatic treatment, photo-
ablation or gene knockout resulted in absence of the responses of
slowly adapting afferents.> > It is therefore possible that the lichen
planus- and hyperkeratosis-associated loss of nerve endings from the
Merkel cell-neurite complex unit results in the impairment of touch
signalling perception in the buccal mucosal epithelium. Compared
with lichen planus, hyperkeratosis was associated with a significant
decrease in the number of the NF200-positive nerve fibres and nerve
endings in the lamina propria. Lichen planus- and hyperkeratosis-
associated loss of afferent myelinated AB-nerve fibres and nerve end-
ings may be affected in a lesion-dependent manner by different
mechanisms. Therefore, elucidating the definitive lesion-specific
mechanisms responsible for lichen planus- and hyperkeratosis-
associated loss of the relationship between Merkel cells and afferent
myelinated AB-nerve endings requires additional experiments.

The extraction of teeth induces a reduction in the perception of the
oral mucosal epithelium. This reduction is associated with an increase in
the local Merkel cell population, indicating that the reduction in the
perception of the oral mucosal epithelium may be compensated by an
increase in the number of local Merkel cells.'® This is of great import-
ance for the role of Merkel cells in the regulation of mechanosensation
of the healthy oral mucosa. Because activation of the touch receptors is
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impaired in lichen planus and in hyperkeratosis, in the prosthetic treat-
ment of teeth, the whole oral cavity, especially the buccal mucosa, must
be clinically observed and examined. Therefore, the administration of a
prosthetic therapy requires a healthy oral mucosal epithelium; healthy
innervation and mechanosensation are prerequisites for protection of
the oral mucosal epithelium against harmful stretch and pressure stim-
uli, which may be exerted by the prosthetic treatment of teeth.
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