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Abstract

The acid-sensing ion channel 3 (ASIC3), belonging to the epithelial sodium-channel/degenerin (ENaC/DEG)
superfamily, is regarded as an essential ion channel for mechanosensation. Our recent study has confirmed the
expression of ASIC3 in the mechanoreceptive Ruffini endings in the periodontal ligament of mice incisors,
indicating that this molecule is a new marker for mechanoreceptors. Although the periodontal Ruffini endings
have been reported to have a potential for high neuroplasticity, no information is available regarding the role of
ASIC3 during the regeneration process after nerve injury. This study was therefore undertaken to examine
changes in the expression pattern of ASIC3 in the periodontal ligament and trigeminal ganglion of the rats. After
transection of the inferior alveolar nerve (IAN), cryostat sections - including the lingual ligament of the lower
incisors and trigeminal ganglia - were processed for immunohistochemical procedures. As previously reported,
the periodontal Ruffini endings disappeared on postoperative (PO) Day 3, and began regeneration from PO Day 7
to return to their normal morphology by PO Day 28, as shown by immunohistochemistry for protein gene product
9.5, a neuronal marker. However, no apparent immunoreaction for ASIC3 was ever recognizable in the periodontal
ligament throughout this observation period. On the other hand, a strong immunoreaction for ASIC3 occurred in
the satellite cells encircling the trigeminal ganglion neurons on the ipsilateral side. These findings indicate that
ASIC3 is not directly involved in the axonal regeneration of the periodontal Ruffini endings but rather in neuron-

glial interactions such as control of the neuronal activity in the trigeminal ganglion.
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Introduction

Acid-sensing ion channels (ASICs) belong to the
epithelial sodium-channel/degenerin (ENaC/DEG)

9 ASICs consisting of 7 isoforms*? have

superfamily
been reported to be distributed throughout the central
and peripheral nervous systems in mammals™. Previous
studies have suggested the involvement of the neuronal
ASICs in acid sensing as well as nociception and
mechanoception®*"”. In fact, ASIC], 2, and 3 have been
confirmed in the mechanoreceptive neurons of the dorsal
root ganglia®? as have ASIC2a and ASIC3 in cutaneous
mechanoreceptors including Meissner corpuscles, Merkel
nerve endings, and palisades of lanceolate nerve

5,8,13)

endings Predominant expressions of sensory

neurons have suggested that ASIC3 is an essential

. 5,8,9,13,14
channel for mechanosensation” )

, as confirmed by
ASIC3 expression in the trigeminal neurons, which
participate in the sensation and modulation of nocicep-
tive and mechanoreceptive signals™".

The periodontal ligament is a dense connective
tissue which receives a rich supply of sensory nerves.
The periodontal sensory endings are divided into
nociceptive free endings and mechanoreceptive

. . . 1
specialized nerve terminals'®.

In spite of variance
among species or kinds of teeth, a series of morpholog-
ical studies have suggested that the Ruffini ending is a
primary mechanoreceptor in the periodontal liga-

ment' %,

Although the periodontal Ruffini ending
lacks a distinctive fibrous capsule different from the
Ruffini endings originally reported by Ruffini, this
mechanoreceptive nerve terminal is morphologically
characterized by dendritic ramifications of expanded
axon terminals filled with abundant mitochondria and
by an association with the terminal Schwann cells, ana-
logues to lamellar cells of the Pacinian corpuscle or
laminar cells of the Meissner corpuscle'™ 2%,

Active tissue remodeling takes place in the periodon-

tal ligament with the constant exposure of occlusal

forces®. Indeed, it has been shown that the turnover

rate of the collagen fibers in the periodontal ligaments
is about five times faster than that in other tissues®™".
This indicates that the periodontal nerve fibers have to
adapt to the active tissue remodeling of the periodontal

ligament. Previous experimental studies on tooth

28, 2! . . 30, 31
%29 and traumatic occlusion®®” have shown

movement
the rearrangement of the periodontal nerves and
changes in the shape of the nerve endings. Further-
more, when the inferior alveolar nerve (IAN) is cut at
the level of the mandibular foramen, the morphology
and density of the periodontal Ruffini ending almost re-
cover by postoperative 1 month***. Therefore, many
researchers agree with the notion that the periodontal
Ruffini ending has a high potential for neuroplasticity.
Our regeneration studies using neurotrophin gene
knockout mice have indicated the possibility that vari-
ous kinds of molecules control the regeneration of the
periodontal Ruffini endings in a stage-specific man-
ner’™. We have recently demonstrated ASIC3 immu-
noreaction in the axoplasm of the periodontal Ruffini
endings as well as in the medium-sized trigeminal neu-
rons which mediate mechanotransduction'” in the
mouse, suggesting a possible role for ASIC3 during the
regeneration process of the periodontal Ruffini endings.
To date, however, no information is available regarding
changes in the ASIC3 expression in the periodontal lig-
ament and trigeminal ganglion during nerve regenera-
tion. Therefore, this study investigated changes in the
localization of ASIC3 in the periodontal ligament and
trigeminal ganglion using a rat TAN injury model to de-
termine the role of ASIC3 in the regenerating Ruffini
endings.

Materials and Methods

Animal preparation

All animal experiments were approved and per-
formed according to the guidelines of the Niigata Uni-
versity Intramural Animal Use and Care Committee
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