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Abstract

Dental pain due to dentine hypersensitivity or pulpitis is characterized by short or lasting episodes
of pain triggered by normally innocuous stimuli originating from exposed dentine. Both represent
the most frequent pain of the orofacial region. Transient receptor potential (TRP) superfamily of ion
channels participates in the detection of different modalities of sensibility in the mammalian sensory
teeth system, i.e., trigeminal neurons and odontoblasts. In particular, some members of the melastatin
family (TRPM) serve as molecular thermal sensors, and temperature is one of the most potent stimuli
in triggering dentine hypersensitivity. Here we review and update the information about the
distribution of TRPM channels in the trigeminal ganglion and dental pulp cells, especially
odontoblast, in humans and animal models. In addition to the well know sensory roles of TRPM,
other functions such as in development and mineralization of teeth are considered.

Keywords: melastatin transient-receptor potential channels; trigeminal neurons; odontoblasts;
thermal sensitivity; dentine hypersensitivity; pulpitis

1. Introduction

Dentine hypersensitivity is a common odontogenic condition, with a prevalence ranging from
3-98% [1], that is the one of most frequent pain of the orofacial region [2]. It is characterized by short
episodes of pain triggered by normally innocuous stimuli, due to exposition of dentine, and therefore
dental pulp, that cannot be ascribed to any other teeth damage [3]. The stimuli that can directly or
indirectly affect the dental pulp include mechanical, chemical or thermal irritation, dental caries,
infiltration of bonding materials, trauma and orthodontic movements [4].

It is well known that dental pain may occur when intense thermal stimuli are applied on the
surface of a normal intact tooth: drinking/eating of cold or hot drink/food can induce dental pain
[5,6]. As a rule noxious cold induces transient pain while noxious heat causes lasting pain [7,8].

The stimuli initiating dentine hypersensitivity, and toothache, are detected by sensory nerves
arising from neurons localized in the trigeminal ganglion (TG) [9] that express different molecules
that detect more or less selectively specific stimuli [7,10-12]. In this context, attention has been
focused on ion channels of different families [7] specially members of transient receptor potential
(TRP) family. Within the dental pulp trigeminal nerve fibers innervate the odontoblasts through Ad
myelinated and C unmyelinated nerve fibers (see [9]). The Ad fibers are principally located at the
pulp-dentin border and reach the basal odontoblast layer, while the C fibers enter the dentin tubules
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[10-13]. Furthermore, a very small number of Ap-fibers myelinated enter the dental pulp too [12].
Classically it was assumed that the stimuli initiating dentine hypersensitivity are detected by sensory
nerves arising from neurons localized in the trigeminal ganglion (TG) [13]. They express different
molecules that detect more or less selectively specific stimuli [7,14-16]. In this context, attention has
been focused on ion channels of different families [7] specially members of transient receptor
potential (TRP) family. In addition, the role of odontoblasts as dentine sensors is now currently
accepted since they express ion channels related to different modalities of sensitivity [15-19]. Gating
of ion channels present in odontoblasts induces release of ATP which is the transmitter between
odontoblasts and nerve fibers thus initiating the transmission of a given sensory modality to the
central nervous system [20-22].

Currently there are three hypotheses proposed to explain dental pain and dentinal
hypersensitivity: The first hypothesis, known as nervous theory, refers to direct stimulation of dental
nerves by different stimuli. The second hypothesis is the so-called hydrodynamic theory, and
attributes dental pain to fluid movement within dentinal tubules. The third hypothesis involves the
odontoblasts as sensory cells and supported by functional expression of ion channels of different
families by these pulpal cells. According to Solé-Magdalena et al [7] “These three hypotheses are not
mutually exclusive and cannot be considered separately because of the presence of nerves and odontoblast
processes within the dentinal tubules, bathing in the dentinal fluid, and the close apposition of the odontoblasts
to the dentinal or basal nerves terminals”. Thus, external stimuli inducing dentinal fluid movement
stimulate directly the nerves present in in the tubules the nerves, or the odontoblasts which via
odontoblast-nerve complexes transmit the stimuli to the nerves.

While different mechanisms have been proposed to explain tooth sensitivity (see for a review
[7,15]) the key role of ion channels is now undeniable. In recent decades, members of the transient
receptor potential (TRP) superfamily of ion channels have been detected in dental primary afferent
neurons and odontoblasts where transduce external stimuli into several signals in the tooth [23].
The detection and transmission of thermal stimuli depend on the activity of various ion channels in
the plasma membrane of sensory nerves, including voltage-gated K*channels, voltage-gated
Na* channels and depolarizing ion channels that open in response to changes in temperature [24].
This latter type of ion channel is often considered as the primary molecular sensor. As such, the actual
contribution of temperature-sensitive ion channels to thermosensation is highly dependent on the
cellular context, which may explain why some highly thermosensitive ion channels are also found in
cell types that are not involved in thermosensory processes. According to Garcia-Avila and Islas [25]
“thermosensation is the ability of organisms to detect and codify both environmental and internal temperature” .

This review focuses on the melastatin family, which mediate different modalities of sensibility
but especially thermosensitibity. Some TRPM channels serve as molecular thermal sensors for cold,
warm, and noxious heat [26], and temperature changes are potent stimuli in triggering dentine
hypersensitivity [1,4,27].

Thermal pulp testing (applying heat or cold onto the tooth surface) is routinely used to test the
vitality of the dental pulp of a tooth since it is a localized sharp pain in the tooth being tested.

Odontogenic pain or toothache refers to pain initiating from the teeth or their supporting
structures and has multiple etiologies. Most frequently is due to pulpitis, i.e. inflammation of the
dental pulp, as a result of dental caries causing enamel erosion and exposure of dentin and pulp
chamber. Irritation of the dental pulp by bacterial molecules, mechanical, chemical, thermal or
electrical stimuli cause pulpal inflammation, which can be an extremely painful condition and is often
associated with intense lingering pain to thermal stimuli [1].

2. The Superfamily of TRP Channels

TRP superfamily consists of 28 integral transmembrane proteins that function as non-selective
cation channels; few are highly Ca*-selective and some are permeable for highly hydrated Mg?. TRP
channels are subdivided into seven subfamilies according to amino acid sequence homology: TRPA
(ankyrin), TRPC (canonical), TRPM (melastatin), TRPML (mucolipin), TRPP (polycystin) and TRPV

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202604.0775.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 April 2026 d0i:10.20944/preprints202604.0775.v1

3 of 15

(vanilloid). On the other hand, based on their sequence and topological features, TRP genes are
divided into Group 1 (TRPC, TRPV, TRPM, TRPA, and TRPN), and Group 2 (TRPP and TRPML). TRP
channels show a variety of gating mechanisms with modes of activation ranging from ligand binding,
voltage and changes in temperature to covalent modifications of nucleophilic residues [28-31].

TRP channels are composed of four subunits resulting in homomeric or heteromeric channels
[32]. They share some structural characteristics including a three-dimensional structure with six
transmembrane segments (S1 to S6), N- and C-terminal cytoplasmic domains, and a small a-helix
loop between S5 and S6 segments that form the channel pore, S4 corresponds to a voltage-sensor-like
domain, capable of sensing changes in in intracellular ion concentration [33-36]. The N- and C-
terminal cytoplasmic domains are of variable length and contain residues and regulatory motifs
unique for each family [35,37,38]. TRP differs from other voltage-gated channels by the aminoacidic
sequence of their subunits, which confers to them differential biophysical characteristics and
response to different exogenous and endogenous modulators [35,39].

Furthermore, TRP channels have a ubiquitous expression in tissues that involved in very
heterogeneous physiological processes as well as in several pathological conditions.

3. TRP Melastatin (TRPM) Ion Channels: A Summary

The TRPM channel subfamily consists of eight members grouped in four pairs: TRPM1 and
TRPM3; TRPM2 and TRPMS8; TRPM4 and TRPMS5; and TRPM6 and TRPM?7 [40,41] (Figure 1). All of
them share common structural characteristics with other TRP channels but have a larger cytosolic
domain particularly variable and have a unique N-terminal [41-44].

ol

TRPM1 TRPM3 [ ] TRPM2 ] TRPMS

TRPM4A TRPMS I TRPME [ ] TRPM7

‘Walker B TRP box Coiled-coid domain )  ATP binding site Calmodulin binding site
@ PiP2bindingsite @  PI3kbinding site ’ Glycosylation sites PKA/PKC mediated phosphorilation site

A-kinase (6 and 7) - ADP-ribase hydrolase/NUDT9 motif (2)

Figure 1. Channel structure of the transient receptor potential melastatin (TRPM) subfamily. The channel
domain contains six transmembrane segments (1-6), 14 corresponding to a voltage-sensor-like domain; the pore
is formed by the loop between the 5 and 6 segments. The N-terminus is composed of four melastatin homology
regions and the C-terminus is composed of TRP and the coiled-coil. Based on the homology sequence of the
coiled-coil in the C-terminus, the TRPM subfamily is divided into four groups: TRPM1/TRPM3 (red box),
TRPM2/TRPMS (yellow box), TRPM4/TRPMS5 (blue box) and TRPM6/TRPM?7 (green box).

TRPM activation mechanisms vary greatly among subfamily members. However, more than
half of the members are sensitive to a wide range of temperatures, from cold to hot, and exhibit
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distinct thermal activation thresholds: <17°C for TRPM1, 38°C for TRPM2, >40°C for TRPM3, 15°C to
35°C for TRPM4 and TRPMS5, and <20-28°C for TRPMS8 [45-49]. Furthermore, some channels in this
subfamily also respond to mechanical stimuli [50], redox status, intracellular calcium (with TRPM4
and TRPMS5 being the only non-calcium conducting channels [51,52]), or ligands such as menthol
[53]. Intense thermal stimulation of the tooth surface may cause vasodilation and changes in pulpal
blood flow. A study using dogs found that pulpal blood flow increased slightly and gradually when
the tooth surface temperature was raised from 35 to 40 °C, and that it increased sharply when the
temperature was raised from 35 to 55 °C. The increase of pulpal blood flow by thermal stimulation
can increase the pressure within the pulpal tissue, which can excite mechanoreceptors, including TRP
channels, in the pulpal nerves. When intense thermal stimuli are applied on the tooth surface, they
can increase the temperature at the dentine-pulp border, which may stimulate the thermosensitive
TRP channels on odontoblasts and DPAs. Indeed, a slow increase in temperature to >43 °C on the
tooth surface activates intra-pulpal C-fibers in the cat [54]. Another study showed that intra-dental
A-d and C-fibers respond to intense cooling of the tooth surface [4].

Some TRPM ion channels, like TRPM?7, have a ubiquitous expression in tissues while some
others are more restricted to different tissues and organs. They have been detected in the central and
periphery nervous system, including the retina. Outside the nervous system were detected in the
prostate, ovary, kidney, intestine, pancreas, heart and blood vessels, melanocytes, pituitary, bone,
and adipose tissue [55-57].

Interestingly, the expression of TRPA1 and TRPMS channels was lower than that of TRPV1 in
dental primary afferent (DPA) neurons. TRPA1 and TRPMS8 were, moreover, co-expressed in some
of the TRPV1-positive DPA neurons, suggesting an ambiguity between cold and hot stimuli-induced
tooth pain. A recent study suggested that acute heat sensation requires any of functional TRPV1,
TRPA1, and TRPM3 ion channels, and only triple knock-out mice showed a lack of acute withdrawal
response to noxious heat compared to the intact normal response to cold stimuli, which suggests a
redundant mechanism for heat detection. Whether dental sensory systems utilize a similar
mechanism is unclear.

The preceding paragraphs intend only a brief presentation of TRPM channels. There are excellent
recent reviews regarding TRPM channels under normal and pathological conditions [23,25,50,57-61],
including those contained in this special issue of International Journal of Molecular Science, and to them
we refer to those interested in the field. The pages that follow relate directly to the distribution and
function of TRPM channels in the tooth and in the nervous structures related to it.

4. Distribution of TRPM Ion Channels in Teeth and Trigeminal System

The trigeminal sensory neurons supplying the dental pulp express, at the mRNA or protein
levels, some members of the TRPM family of ion channels. Importantly, although each ion channel is
associated with the detection of one quality of sensibility, most neurons and sensory cell express more
than one channel. Thus, the capacity exhibited by the different functional types of sensory cells, to
preferentially detect specific stimuli is the result of a characteristic combinatorial expression of
different ions. This is the case for the trigeminal neurons or the odontoblasts [7]. Furthermore, large
differences have been found in the expression of those channels among species.

4.1. Trigeminal Ganglion and Pulpal Nerve Fibers

The expression of TRPM channels in the trigeminal ganglion is highly variable (Table 1 and
Figure 2).

In mouse, among the 28 TRP channel genes that have been identified in mammals by real-time
PCR, 17 have been detected in the mouse trigeminal ganglion at the mRNA level, including all
members of the TRPM family with the exception of TRPM1 [62]. Individual TRPM channels were
also found in mice. They include TRPM3 [47], and TRPMS8 which is present in 5.7% of neurons
innervating the dental pulp [63] highly colocalized with TRPV1 and Piezo2 [64].
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Table 1. Trigeminal ganglion: dental afferent neurons.

Channel Percent Species Methods Reference
TRPM2 Mouse PCR Vandewauw et al. (2013) [62]
Human PCR, Ma, ITHC Flegel et al. (2015) [65]
Subset s Mouse PCR, Ih Vriens et al. (2011) [47]
TRPM3 20% Rat IHC Yajima et al. (2019) [66]
Mouse PCR Vandewauw et al. (2013) [62]
Human PCR, Ma, ITHC Flegel et al. (2015) [65]
TRPM4 Mouse PCR Vandewauw et al. (2013) [62]
TRPM5 Mouse PCR Vandewauw et al. (2013) [62]
TRPMé6 Mouse PCR Vandewauw et al. (2013) [62]
TRPM?7 Mouse PCR Vandewauw et al. (2013) [62]
Human PCR, Ma, ITHC Flegel et al. (2015) [65]
Rat Ca?m Thut et al. (2003) [67]
Small neurons Rat IHC Abe et al. (2005) [14]
Rat ih, THC Kobayashi et al. (2005) [68]
13% Rat PCR, IHC Park et al. (2006) [69]
TRPMS 58% Rat RL, IHC Kim et al. (2011) [70]
Mouse PCR Vandewauw et al. (2013) [62]
Human PCR, Ma, ITHC Flegel et al. (2015) [65]
5,7% Mouse RL, IF Michot et al. (2018) [63]
Subset Mouse PCR Lee et al. (2020) [64]

Ca?m: Ca? microfluorimetry; IF: immunofluorescence; ik: in situ hybridization; IHC: immunohistochemistry;

ma: microarray; RL: retro labelling, s&J: small diameter .

TRPM2, TRPM3,
TRPM2, TRPM3, TRPM4, TRPMS, TRPMS6,
TRPMS, TRPM6, TRPM7, TRPM?7,
TRPMS TRPMS

v
5 C fibers
Adfibers

Small neurons

\»‘ ~=’  APfibers

= y ol TG

Large neurons

TRPM2, TRPMS

Figure 2. Schematic representation of tooth innervation and expression of TRPM ion channels in the trigeminal
ganglion (TG) neurons, odontoblasts and fibroblasts of the tooth pulp. The channels indicated in red have been
detected in humans. O: odontoblasts, pc: pulpal fibroblasts, dn: dentinal nerves, pn: pulpal nerves, pbv: pulpal
blood vessels. The photographs on the right correspond to sections of human teeth showing the expression of
TRPM3 and TRPMS in the odontoblasts; M3 was also detected in nerve profiles of the dental pulp. d: dentin, o:
odontoblats, p: dental pulp.

In the rat trigeminal ganglion about 50% of neurons, mostly of small to medium-sized cell
bodies, express TRM3 but only 20% approximately innervate the tooth pulp [66]. TRPMS is also
expressed in small-diameter neurons the percentage of which being 15% and sometimes co-localized
with TRPA1 [14,67-70].

Finally, many TRP channel genes have also been identified in the human trigeminal ganglion,
including TRPM2, TRPM3, TRPM7 and TRPMS [65].

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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4.2. Odontoblasts and Pulpal Cells

The detection of TRPM channels in odontoblast and other pulpal cells has been largely studied
in the human teeth, different animal models and isolated cells (Table 2 and Figure 2).

TRPM3 is expressed in primary cultured mouse odontoblasts [71] as well as TRPM5 was
obtained from mouse odontoblasts; it is asymmetrically distributed with distinct localization to
regions proximal to and within odontoblast processes [72]. Also, TRPM7 has been detected in most
odontoblasts of adult rats, predominantly in the odontoblastic process region [71-75]. Results on
TRPMS are the more contradictory. While TRPMS8 was not detected in both acutely isolated rat
odontoblasts and in pulpal slice-derived odontoblasts [71,76], another study showed TRPMS in
acutely isolated adult rat odontoblasts cultured from pulpal slices [77].

Regarding humans, TRPM2 was detected in the dental pulp fibroblasts and odontoblasts [78].
In cultured odontoblast-like cells, in native human odontoblasts and dental pulp fibroblasts TRPMS8
has been detected [79,80]. TRPMS channel expression on primary cultured cells derived from human
dental pulp cells, mouse odontoblast-lineage cells and acutely isolated rat odontoblasts. In freshly
isolated native human odontoblasts expression of TRPM8 but was observed, being significantly
lower in the dental pulp than those in the odontoblasts [81]. Nevertheless, using human immortalized
dental pulp cells derived toward an odontoblast phenotype in vitro do not detected TRPMS in
odontoblasts [82,83].

Most of those channels, but not all [71,76] were found to be functional in pulpal fibroblasts and
odontoblasts they may contribute as cold sensor in tooth since increased intracellular calcium
([Ca(2+)](i)) was observed in response to the agonist or temperature stimuli, and the responses were
blocked with specific antagonists [71,77].

Table 2. Odontoblast and other dental pulp cells.

Channel Cell-s Species Methods Reference
TRPM2 QOd, df Human THC Rowland et al. (2007) [78]
TRPM3 Od Mouse PCR, Ca?'m, EF Son et al. (2009) [71]
od Rat PA Won et al. (2018) [74]
TRPM5 Od Mouse FC-CGT Khatibi Shahidi et al. (2015) [72]
TRPM6 Od Rat PCR Won et al. (2018) [75]
TRPM?7 Od (87%) Rat PCR, IHC Kwon et al. (2014) [73]
Od Rat PCR Won et al. (2018) [75]
ObC Mouse PCR, Ca?'m, EF Son et al. (2009) [71]
Od Rat PCR Yeon et al. (2009) [76]
Od,df Human IHC, WB, ME El Karim et al. (2011a,b) [79.80]
TRPMS Od Rat PA, IHC Tsumura et al. (2013) [77]
HDPCs Human PCR, IHC Tokuda el al (2015) [81]
Od Rat PCR, IHC Tokuda el al (2015) [81]
MOLCs Mouse PCR, IHC Tokuda el al (2015) [81]
Od Human PCR Tazawa et al. (2017) [82]

HDPCs: human dental pulp cells; MOLCs: mouse odontoblast lineage cells; Od: odontoblast; pf: pulpal
fibroblasts - Ca?*m: Ca?* microfluorimetry; EF: electrophysiology; EM: electron microscopy; FC-CGT: fluorescent
color-coding genetic tracing; IHC: immunohistochemistry; PA: pharmacological approach; RL: retro labelling,
s@: small diameter; Wb: Wester botting.

4.3. Other Sensibilities

The odontoblasts presumably mediate early stage of sensory processes, playing a key role in
tooth mechanical, thermal, and chemical sensing, thus in dental pain [7,11,19]. Although this review
was centered in the thermal role of TRPM channels, several members of this family exhibit
mechanosensitivity. TRPM3 [71] and TRPM7 [75] mediate osmo- and mechano- sensitivity in
odontoblasts. TRPMS is also involved in hyperosmolar sweet foods dentin hypersensitivity [66].

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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Importantly, an intriguing relationship exists between thermal and mechanical stimuli in tooth.
Thermal stimulation on the tooth surface can induce fluid movement in the dentinal tubules because
of thermal expansion or contraction of the fluid. Tooth structures expand or contract because of this
thermal gradient, which produces mechanical stresses in these structures. Mechanical deformation
of the dentine (including pulpal wall dentine) precedes the temperature changes in the
dentine/dentine—enamel junction following thermal stimulation of the surface a tooth [84]. These
observations suggest that intense thermal stimulation-induced mechanical deformation of the
dentine may exert mechanical stress on the odontoblasts as well as on the pulpal tissues. In turn, the
mechanical stresses may directly activate the mechanosensitive TRP channels and other
mechanoreceptors present in the odontoblasts and pulpal nerve fibers. Temperature changes in the
dentine caused by thermal stimulation of the surface of an intact tooth or a tooth with exposed
dentine may also cause expansion/contraction and movement of dentinal tubular fluid, which can
activate mechanosensitive TRP channels (along with other mechanoreceptors) on odontoblasts and
nerve fibers within/near the dentinal tubules. While the molecular mechanisms underlying dentin
hypersensitivity have not been fully elucidated, one promising hypothesis—the hydrodynamic
theory —states that external stimuli cause the movement of the dentin tubular fluid to, ultimately,
excite nerve fibers in the pulp to initiate pain (see for references [7]). This provides the most plausible
explanation for dental cold hypersensitivity of all the hypotheses that have been proposed. although
not without controversy. Another example is the pulsating nature of tooth pain often described by
chronic pulpitis patients. This phenomenon is presumed to be caused by hydrostatic pressure applied
to the edematous tooth pulp in the restricted space within the dentin and enamel. Both the pulsating
pain associated with pulpal inflammation and the hydrodynamic theory of dental hypersensitivity
require a mechanosensitive receptor as a key molecule.

5. Non-Sensory Functions of TRPM Channels in Teeth

In addition to the abovementioned roles for TRPM channels in tooth sensibility, they also play
roles in teeth biology. This is evident because TRPM channels are expressed in odontoblast and other
dental pulp cells (including stem cells) which support a wide range of functions. Odontoblasts
organize and regulate the synthesis of the mineralized dentin matrix [85-87]. So, TRPM7 in
odontoblasts play an important role in dentine mineralization by regulating intracellular Mg?* and
alkaline phosphatase activity [75,88].

TRPM4 is expressed in rat dental follicle stem cells and its molecular suppression results in
impacted by TRPM4 during dental follicle stem cells differentiation an inhibitory role for TRPM4 on
osteogenesis and also provide a potential link between the Ca(2+) signaling pattern and gene
expression during stem cell differentiation [89].

On the other hand, TRPM?7 is highly expressed in ameloblasts during tooth development.
Consistently, TRPM7 kinase-inactive knock-in mutant mice show small enamel volume with opaque,
white-colored incisors, suggesting it plays a role in ameloblast function [90].

TRPM?7 expression is widespread in human dental pulp especially human dental pulp stem cells
and the suppression of TRPM7 inhibited both the proliferation and the migratory capacity of those
cells. Furthermore, TRPM7 mRNA expression is elevated during osteogenic differentiation of human
dental pulp stem cells. TRPM7-specific shRNA inhibited osteogenic differentiation of human dental
pulp stem cells with downregulated mRNA expression of the osteogenic markers. All together these
data strongly suggest that TRPM7 was involved in the regulation of human dental pulp stem cells
proliferation, migration and osteogenic differentiation and may play a role in the dental pulp repair
process [91].

Microarray analyses of varying stages of differentiating ameloblasts showed that Trpm? is
upregulated in secretory ameloblasts as compared to presecretory ameloblasts [92], and in
maturation as compared to secretory ameloblasts [93] suggesting that TRPM7 potentially contributes
to the enamel matrix mineralization. Furthermore, TRPM7 in odontoblasts may serve as main
Mg? regulators in odontoblasts regulating apical dentin formation or mineralization [74].

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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6. TRPM Channels and Dental Pathologies

There is still scarce evidence for the role of TRPMs in dental pathologies. TRPM2 may be
interesting in dental pulp pathologies since it is involved including cytokine production, cell death,
oxidative stress response and fibrosis [94]. Pulpitis pain might be triggered by the direct activation of
cold-responsive thermoreceptors [95]. Nevertheless, there is no evidence for an involvement of in
cold-mediated noxious pulpal pain mechanism [96]. In healthy conditions, humans typically perceive
temperatures > 43 °C as painful [29]. However, under pathological conditions such as inflammation,
sunburn, or tissue injury, the pain threshold is often lowered and the intensity of the heat pain
response increases. This can give rise to heat hyperalgesia (an increased pain response to noxious
heat), heat allodynia (when moderate temperatures evoke a pain response), and spontaneous burning
pain without any obvious stimulus [29]. Therefore, elucidating the cellular and molecular bases of
noxious heat sensing is of great importance, not only to understand the basis of a fundamental and
conserved biological process essential for survival but also to allow the development of therapies that
counteract persistent pain under pathological conditions.

TRPM2 is activated by cellular stress and participates in various cellular functions, including
cytokine production, cell motility and cell death [97,98]. This channel is implicated in pathogenic pain
[99]. Fibroblasts in the dental pulp are also reported to be involved in pulpitis, and they are
responsible for the synthesis of extracellular matrix and the maintenance of the structural integrity of
the dental pulp and also reported to produce pro-inflammatory cytokines, including interleukin (IL)-
1B, IL-6 and IL-8, in response to bacterial stimulation [100,101]. TRPM2 expression is also increased
in the pulpal fibroblasts of teeth with signs of irreversible pulpitis [78], thus suggesting a role of this
channel in pulpitis.

TRPM3 is involved in the inflammatory hyperalgesia and consequent heat-associated
inflammation [102] is thought to be a heat-sensing system in nociceptive neurons in conjunction with
other ionic channels, such as TRPV1 and TRPA1 [103,104]. However, triple-negative mice can still
respond to temperature changes, suggesting that other channels and proteins are involved in
thermoperception [105] whereas TRPM3 knockout mice exhibit significant attenuation of thermal
hyperalgesia under inflammatory conditions [47]. TRPM3 is also involved in mediating the orofacial
antinociceptive effects of nifedipine. Using a rodent model of acute and chronic neuropathic (nerve
transection) orofacial pain in different orofacial regions it was observed that nifedipine produced
significant antinociceptive effects in most of the acute nociceptive behaviors which were attenuated
TRPM3 antagonists. Unfortunately, this model was not assessed in acute or chronic teeth pain [106].

TRPMBS participates in the painful hypersensitivity that is a worrying symptom in inflammation
and neuropathy. Moreover, functional and anatomical studies also demonstrated a direct role of
TRPMS in inflammation; however, this needs to be further elucidated [107]. A large body of studies
has demonstrated that TRPMS8 antagonists are effective in reducing thermal and mechanical
hyperalgesia, suggesting for this channel an important role in pain perception [108-110]. In this
study, we demonstrated that both direct antagonism and the excess dose of agonist, led to the
inactivation of this channel that is necessary to decrease pain perception in a model of orofacial pain
[111]. Several other studies showed apparently controversial results. For example, selective TRPM8
inhibitors were able to reduce allodynia and hyperalgesia, suggesting that this channel significantly
contributes to neuropathic pain modulation [110,111]. On the other hand, some other evidence has
established the analgesic properties of TRPMS agonists [112,113]. TRPMS is involved in neuropathic
cold allodynia, in some animal models of nerve injury peripheral and central activation of TRPMS is
followed by analgesia. A variety of inflammatory mediators, including bradykinin and prostaglandin
E2, modulate TRPMS8 by inhibiting the channel and shifting its activation threshold to colder
temperatures, most likely counteracting the analgesic action of TRPMS [114]. Several studies indicate
the contribution of TRPMS in the pathophysiology of cold allodynia and nociception [109,115,116].
In support of these findings, we have recently shown that novel TRPMS8 inhibitors remarkably
reduced cold and mechanical allodynia in acute and chronic pain models [108]. These results clearly
indicate that TRPMS inhibition has an analgesic effect; however, other studies showed in some animal
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models of nerve injury, that peripheral and central activation of TRPMS is also followed by analgesia
[117]. TRPMS is activated by innocuous cooling (~26-15 °C) as well as by noxious cooling (<15 °C)
and by a number of cooling agents, such as menthol and ilicin [118,119].

Probably also TRPMS participates in controlling noxious cold associated to pulpal diseases since
deletion of TRPMS reduce cold sensitivity in physiological, inflammatory and neuropathic conditions
[112,120]. Interestingly, bacterial components can directly activate neurons before bacterial-induced
immune response matured. lipopolysaccharide LPS can directly activate TRPMS8 present in the
sensory neurons [121]. These findings suggest that bacterial products can directly activate sensory
nerve fibers before the development of neurogenic inflammation secondary to the immune response
to infection [122].

7. Concluding Remarks

TRPM channels are widely distributed in the sensory system of the teeth, both in the neurons of
the trigeminal ganglion and in the odontoblasts [15]. Furthermore, the use of pharmacological
molecules that interact with TRPM channels both in animal models and humans [38] have provided
evidence that modulation of those channels will provide new therapeutic approach in the treatment
of some pathologies [50]. However, more research is still needed to assess the therapeutic potential
of these channels as targets in the pathologies of the dental pulp.
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