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Abstract : Oral mucosal Merkel cells are known to show polymorphism, but the biological
significance of the polymorphism is not clear. To determine the biological significance, we analyzed
effects of inflammation on numerical density, external figure and innervation of Merkel cells in
human gingival mucosae from patients with chronic periodontitis by means of
immunohistochemistry and electron microscopy. It was found that mildly inflamed gingival areas
usually contained abundant Merkel cells and peripheral nerve fibers in their epithelia, whereas
severely inflamed areas contained only small numbers of cells and nerve fibers. Merkel cells in
mildly inflamed areas showed a high degree of polymorphism, and only oval- and round-shaped
Merkel cells were in contact with nerve terminals. There were a number of Merkel cells atypically
located in the prickle to granular cell layers in the mildly inflamed area. These results suggest that
Merkel cells transiently disappear from gingival epithelia as a result of nerve fiber atrophy caused
by severe inflammation but that these structures are regenerated as the inflammation abates.
Electron microscopy revealed that some Merkel cells in the mildly inflamed epithelium make
contact with lymphocytes and Langerhans cells. From these findings, it was speculated that some
Merkel cells play a role in initiation or termination of gingival inflammation via the modulation of
these cells.
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Distribution, morphology and innervation of Merkel cells in chronic human inflamed gingival
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Fig. 1. Merkel cells in gingival areas with different severities of inflammation stained with anti

Density of total Merkel cells (/mm)

B T e

cytokeratin 20 antibody.

In (1a), which shows an area in which there is mild infiltration of inflammatory cells, many
Merkel cells can be seen in epithelial ridges. Note that some cells reside in ectopic areas (arrows)
but not in the tips of epithelial ridges. In (1b), which shows an area with sereve inflammation,
partial destruction of epithelial ridges and only one Merkel cell can be seen. (1c) shows an
enlargement of epithelial ridges of a mildly inflamed area. Note that Merkel cells show various
external figures from typical oval shapes to atypical shapes, including polygonal shape (arrow)
and stellate shape (arrowhead).

Wdly“‘fla‘“eda'e"s Fig. 2. Comparison of Merkel cell densities in
. ~ ERsevrelyinflamedareas mildly and severely inflamed areas of
3 ! five patients’ gingivae.

Patient A :51 years old, male, lower molar
area. Patient B:55 years old, female,
upper incisor area. Patient C:58 years
‘ old, female, lower molar area. Patient D
| 45 vyears old, male, upper molar and
‘ incisor areas. Patient E:49 years old,

male, upper molar and lower molar areas.
‘ Asterisks indicate that the difference is
? statistically significant (p<0.05).

C

patient
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Table 1. Densities of atypical and ectopic Merkel cells (MCs) in mildly and severely inflamed gingival

BN OB, SITE

areas compared among patients shown in Fig.2.

B

State of Density of Density of
Patient inflammation dendritic Merkel cells ectopic Merkel cells
A mild 1.12 £ 0.26 — 0.02 £ 0.015
*
severe 0.36 £ 0.09 — 0.03 = 0.02
B mild 2.22 064 — 0.12 = 0.07
*
severe 0.26 = 0.06 — 0.03 = 0.02
C mild 3.26 + 0.69 — 0.11 = 0.05
*
severe 0.25 = 0.09 — 0.004 % 0.004
D mild 2.27 £ 0.22 — 0.39 + 0.12
k :I *
severe 0.21 = 0.11 — 0.04 = 0.03
E mild 251 £0.31 — 0.18 = 0.04
* ]*
severe 0.53 = 0.19 — 0.05 = 0.01

Asterisks show that the difference is statistically significant (p<0.05).

Table 2. Density of Merkel cells in patients with different severity of inflammation.

State of Density of Merkel
Patient Age Sex Area inflammation cells (/mm)
a 61 f Ul mild 535 £ 0.85
b 54 f UM, LM mild 483 £ 0.56
C 51 F Ul intermediate 468 = 0.73
d 54 f UM intermediate 2.28 £ 0.44
e 46 m LI severe 0.41 = 0.10
f 46 f Ul severe 0.38 £ 0.17
g 53 f UM severe 0.74 £ 0.13

*Ul : upper incisor area, UM : upper molar area,
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LI : lower incisor area, LM : lower molar area.
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CK20+NF-M

S

Fig. 3. Immunofluorescence histochemical image of human gingival mucosa dually stained with
antibodies to cytokeratin 20 (green color) and neurofilamant-M(red color).
(3a-3c¢) show single track (3a,3b) and multi track (3c¢) confocal laser scanning images of a
mildly inflamed gingival area. Merkel cells (green) show various shapes, and only a small number
of Merkel cells are in contact with nerve fiber terminals. Note that not all but many Merkel cells
show a positive immunoreactivity of NF-M (3 b, arrows). (3d) shows a merged fluorescence
image of a severely inflamed gingival area. No nerve fibers can be seen in the epithelium and
subepithelial connective tissue. EP, epithelium; LP, lamina propria.

Table 3. Rate of NF-M- and NF-H-positive Merkel cells in mildly inflamed human gingival mucosa.

NF-M/CK20 NF-H/CK20
- RMC DMC EMC RMC DMC EMC
total 369/727  164/991 1/51 22/145 3/178 0/11
% 50.8 165 1.9 15.2 L7 0

#¢RMC : roundish Merkel cell, DMC: dendritic Merkel cell, EMC : ectopic Merkel cell.
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Fig. 4. Electron micrographs of Merkel cells (MC) depicted from specimens of mildly inflamed gingival
mucosa.
(4 a) shows a typical oval-shaped MC having a synaptic contact with a mitochondria-rich nerve
terminal (N). Short desmosomes (arrows) are seen between the MC and neighboring keratinocytes.
LP:lamina propria. (4 b) shows an atypical MC with an irregular external figure. Note that
although this MC is in contact with a small nerve terminal (N), Merkel cell granules have
accumulated in a thick cytoplasmic process demarcated with arrows. KC : keratinocyte.
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Fig. 5. Electron micrograph showing contact between a Merkel cell (MC) and a Langerhans cell (LC).
The MC is devoid of synaptic contact with a nerve terminal but widely abuts on a Langerhans
cell. Many focal contact-like membrane thickenings can be seen between these two cells (arrows).
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Fig. 6. Electron micrograph of an ectopic Merkel
cell MC).
The MC was located from in the spinous
cell layer. Note the round shape of the
MC and the preseace of Merkel cell
granules throughout the cytoplasm. The
arrow shows a finger-like projection.
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