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ABSTRACT

Pain and itch (pruritus) are distinct, complex sensory sensations that indicate actual or po-
tential tissue damage. While both involve neural network activation, their physiological mecha-
nisms differ: pain is a necessary signal of harm that triggers protective responses, whereas itch
primarily provokes the urge to scratch. In pruritus, the general discourse deals with histamin-
ergic and nonhistaminergic itch. Painful or itching stimulation applied to peripheral receptors
evokes a cascade of nociceptive signaling in ascending somatosensory pathways, culminating in
a distributed, multidimensional brain representation that is required to localize, interpret, mod-
ulate, and appropriately respond to the stimulus.

The Transient Receptor Potential (TRP) channel superfamily is distinct in that channels are
nonselective for cations (for sodium and calcium) and are involved in a diverse array of biolog-
ical functions, making them attractive targets for synthesizing novel therapeutics. They regulate
many functions, such as sensory perception, pain and itch, immunity, digestion, cancer, devel-
opment, urological, cardiovascular, and nervous systems. Moreover, these channels are widely
distributed in various tissue membranes, and TRP channel mutations are observed in several
diseases, such as hereditary diseases and many other TRP channelopathies. Among them are the
TRPA1 channel, members of the vanilloid subfamily (TRPV1, TRPV3, and TRPV4), and members of
the melastatin subfamily (TRPM2, TRPM3, and TRPMS).

TRP ankyrin 1 (TRPAT1) is a calcium-permeable channel that is co-expressed on a subpopula-
tion of TRPV1-expressing nociceptive nerve fibers' terminals and distal endings of mechanosen-
sitive C-fibers, contributing to the transduction of noxious signals. TRPA1 is considered to detect
non-histaminergic itch and hypersensitivity to noxious cold. Various irritant chemicals (e.g., pun-
gent compounds) and endogenous products of tissue injury activate TRPA1.

TRP vanilloid 1(TRPV1) is also a nonselective ion channel with high calcium permeability that
is activated by capsaicin, heat (>43°C), and pH (below < 6). It is a prominent nociceptor in C-fiber
sensory neurons involved in pain and itch pathways. TRPV1 is considered to detect non-histami-
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nergic itch. It has become the first family member with a postulated and subsequently verified
link to pain and itch, suggesting this protein receptor as a hub for algesic and pruritogenic sig-
nals. Both channels are attractive therapeutic targets in pain and itch.
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INTRODUCTION

Pain and itch (pruritus) are unpleasant sensations that indicate actual or potential tissue
damage. Pain is a necessary alert signal that sets off protective responses, while itch mainly
provokes the desire to scratch. Both are multifaceted or multidimensional experiences. However,
pain and itch usually perform an important biological function for the body in normal states. For
pruritus, the general discourse mainly deals with histaminergic and nonhistaminergic itch [1-4].

In the normal state, painful or itching stimulation applied to peripheral receptors evokes
a cascade of nociceptive signaling in ascending somatosensory pathways that project to a dis-
tributed multidimensional brain representation required to localize, interpret, modulate, and
appropriately respond to the stimulus [5].

It is well known that most cellular functions are regulated by the influx of different ions across
the cell membrane through selective or nonselective channels. These channel gene families de-
marcate their important role in mammalian physiology. The transient receptor potential (TRP)
channel superfamily is multimodal, nonselective for cations (calcium and sodium), and involved
in a diverse array of biological functions, making them attractive targets for therapeutics [4,6-8].

They are multifunctional signaling molecules with important roles in health and disease.
More than two decades of intensive preclinical and clinical research support the involvement of
TRP channels in pain, itch, and neurogenic inflammation. In this regard, expression of TRP chan-
nels in cell types mediating innate (such as macrophages, dendritic cells, keratinocytes, mast
cells, and natural killer cells) and adaptive (lymphocytes) immune response suggests involve-
ment in the regulation of inflammation [9].

Furthermore, TRP ion channels are molecular sensors of chemical, thermal, and mechanical
noxious stimuli that evoke pain and itch sensations. Among them are the TRPA1 channel, mem-
bers of the vanilloid subfamily (TRPV1, TRPV3, and TRPV4), and finally members of the melastatin
subfamily (TRPM2, TRPM3, and TRPMS8) [10].

TRP channels regulate many functions, such as sensory perception, pain and itch, immunity,
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digestion, cancer, and development, and are involved in urological, cardiovascular, and nervous
systems [6-7]. Moreover, these channels are widely distributed in various tissue membranes, and
mutations in TRP channels are observed in several diseases, among them hereditary diseases
and many other TRP channelopathies [11].

Given the importance of TRPA1 and TRPV1 in mediating itch signaling, investigation of these
ion channels has been of considerable interest for their potential roles in contributing to chronic
pruritus. Beyond their known expression in the nerve endings of primary afferent neurons, TRP
channels have been found in keratinocytes, the epidermis, and mast cells, and are upregulated
in affected skin in several dermatological pathologies associated with chronic itch, including
atopic dermatitis, psoriasis, and prurigo nodularis [1].

ANKYRIN SUBFAMILY: TRPA1

The TRPA subfamily has only one member (TRPA1) due to numerous ankyrin repeats for the
N-terminus. It is a calcium-permeable nonselective cation channel that contributes to the trans-
duction of noxious and itch signals. On the one hand, TRPA1 is considered a chemical nocisensor
as it is sensitive to various irritant chemicals and endogenous products of tissue injury. Among
them are pungent compounds in spices, such as cinnamon, mustard oil, and wasabi, as well as
chloroquine, acrolein, formalin, cannabinoids, and various reactive chemicals, oxygen, nitrogen,
and carbonyl species. This channel is activated by mechanical stimuli and signals associated
with tissue damage, pain, and itch [6].

On the other hand, TRPA1 was proposed as a noxious cold receptor in mice and insects.
Although TRPA1 channels from insects to birds (endotherms) show heat-dependent activation,
indicating the importance of TRPA1 in detecting ambient warm to hot temperatures, in mammals,
TRPA1 temperature sensitivity remains controversial. Human TRPA1 has bimodal thermosensitiv-
ity, and mouse TRPA1 is involved in noxious heat sensitivity, but additional systematic analyses
are needed to determine the general mechanism of mammalian TRPA1 thermosensitivity [12].

Further, the diversity of functions underlines its expression in cell types such as sensory va-
gal neurons, jugular veins, nodose ganglia, epithelial cells, and various other cells, making this
channel relevant to a wide range of diseases and an attractive therapeutic target [6, 13].

Several natural compounds (TRPA1 agonists), such as curcumin, resveratrol, and chalcones,
have been shown to activate and desensitize TRPA1, suggesting that the development of synthet-
ic TRPAT agonists could be an attractive path toward safe and efficacious pain therapy [14].

Regarding TRPA1 antagonists, several pharmaceutical companies are actively pursuing novel
small-molecule antagonists and optimizing existing scaffolds. They will eventually provide clinically
meaningful pain and itch relief. Preclinical research suggests that a centrally acting TRPAT antagonist
is likely to provide superior efficacy over the peripherally restricted mode of action. Development of
centrally acting small-molecule TRPA1 antagonists has been challenging, especially regarding drug-
like properties and medicinal chemistry optimization [14].

Finally, several rare gain-of-function variants of TRPA1 have been shown to cause pain in
humans. Furthermore, several inflammatory pain mediators associated with various chronic pain
conditions have been shown to increase TRPA1 sensitivity. Therefore, TRPA1 could be considered
a promising target for drug therapy in humans.

Regarding itching, TRPA1 is critical for acute non-histaminergic itch and chronic itch in dry
skin, and is partially involved in acute histaminergic itch. TRPA1 represents a promising target for
the development of antipruritic drugs too [1].
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VANILLOID SUBFAMILY

This group contains seven members (TRPV1-7) and is named for the sensitivity of the found-
ing member, TRPV1, to the vanilloid capsaicin. These protein channels are polymodal, being ac-
tivated by capsaicin, pH, and osmolarity changes, mechanical stimuli, high temperatures, lipids,
and voltages. TRPVs can be further categorized by their thermal sensitivity: TRPV1, TRPV2, TRPV3,
and TRPV4 are gated by warmth and painful heat and are termed thermo-TRP channels, along
with TRPM3 and TRPMS8. TRPV5, TRPV6, and TRPV7 are not activated by temperature and thus
comprise a second subset of this subfamily. They have been associated with the fine regulation
of calcium absorption in epithelia [6,7].

The temperature-driven activation of TRPV subfamily cation channels contributes to pru-
ritus, flares, skin barrier dysfunction, atopic dermatitis development, and asthma attacks. The
blocking of TRPV channels may attenuate temperature-mediated itch, skin barrier dysfunction,
and the exacerbation of atopic dermatitis [1].

TRPV1

As mentioned, thermo-TRPs are crucial for physiological functions as they constantly mon-
itor internal body temperature and warn about ambient hazards associated with heat and cold.
They also act as polymodal sensors, integrating signals from mechanical and chemical stimuli
in addition to temperature. For example, TRPV1 exhibits remarkable sensitivity to capsaicin, the
spicy molecule of hot chili peppers, resulting in a sensation of heat and pain.

Since the TRPV1 ion channel was cloned in David Julius' laboratory in 1997 [15], there have
been extensive efforts to reveal structural and functional details of this protein, which culminat-
ed in the Nobel Prize (2021) in Physiology and Medicine for him. Thus, nowadays it is one of the
best characterized members of the TRP superfamily of ion channels. Its expression was highly
enriched in dorsal root and trigeminal sensory ganglia, and in particular in small to medium di-
ameter nociceptive neurons, offering a compelling potential basis for capsaicin-evoked pain [16].

TRPV1 responds to temperatures above 43°C and activates at neutral pH (s 6) at room tem-
perature, and channel conformation changes. The opened channel typically allows influx of so-
dium and calcium ions into the cell, which results in neuronal depolarization. Consecutive action
potential transmission causes release of neuropeptides from nociceptors, such as calcitonin
gene-related peptide or substance P, ultimately sending harmful signals, such as pain, itching,
burning, and stinging sensations to the spinal cord and brain, as well as activating neurogenic
inflammation [17, 18].

The structure of TRPV1 ankyrin repeat domain was initially solved by X-ray crystallography.
Later, cryo-EM was exploited to visualize conformational transition in TRPV1 that uncovered a
two-step mechanism of proton modulation, substates reflecting phosphatidyl inositol lipid and
vanilloid agonist binding stoichiometry and competition, and adaptive behavior of the selec-
tivity filter, which accommodates permeation of small and large organic cations. Knockout (KO)
Trpv1 mice display a distinct thermoregulatory phenotype, and the development of inflamma-
tion-induced and injury-induced hyperalgesia (increased pain sensitivity) is impaired [19].

Drugs that target TRPV1 to modulate pain through an agonist strategy utilize overactivation
that results in a desensitized and inactivated channel receptor state. When a high dose of ag-
onist agent (capsaicin or resiniferatoxin-RFT) binds directly to the channel, a conformational
change occurs that reduces calcium-dependent depolarization. A pain signal transmitted to the
spinal cord decreases, and hence, the release of inflammatory neuropeptides diminishes, re-
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sulting in hypo-algesia propagation. Thus, applied agonists will cause reduced pain, itching, and
burning sensations.

Regarding TRPV1, competitive antagonists directly block the active vanilloid binding site
while non-competitive agents indirectly bind nearby to allosterically modulate the channel and
prevent the required conformational change from occurring. However, they may bind, and the
ending result is the same, as channel activation is inhibited, so there is decreased calcium and
sodium influx. This prevention of signal transduction reduces nociceptive signaling, inhibits
thermal hyperalgesia, and opposes inflammatory pain [17].

However, harmful side effects of TRPV1-targeted antagonist drugs include the risk of ther-
mos hypoesthesia or temperature dysregulation. Impaired temperature sensitivity can range
from feeling chills to hyperthermia, and places patients at risk for burn injuries. Recent studies
have provided insight that TRPV1 nociception and thermoregulation pathways have biased al-
losteric mechanisms, indicating that even more specific channel targeting may reduce unwanted
side effects [17].

More than twenty-five years after its cloning [15, 16], TRPV1 has become the first subfamily
member linked to thermal pain and itch. Histamine activates primary sensory neurons via the
histamine type 1 receptor (H1R) linked to TRPV1, and histamine-evoked scratching is attenuated
in knockout mice lacking TRPV1 [1, 2].

We have recently found that an intraplantar injection of histamine in mice resulted in signif-
icant thermal hyperalgesia and mechanical allodynia ipsilaterally that persisted for 1 h. Pretreat-
ment with the TRPV1 antagonist AMG-517, but not the TRPA1 antagonist HC-030031, significantly
attenuated the magnitude and time course of thermal hyperalgesia and mechanical allodynia elic-
ited by histamine, indicating that these effects are mediated by TRPV1[20, 21].

In addition, non-histaminergic pruritus, such as that in cholestasis, has also been related to
TRPV1 sensitization by pruritogens. TRPV1 also indirectly contributes to non-histaminergic itch
via protease-activated receptor 2 (PAR2) and PAR4, which are involved in chronic neurogenic in-
flammation. The latter sensitizes TRPV1 channels and induces itch [1, 22].

TRPV3

The third vanilloid member was cloned from mouse skin keratinocytes and various human
tissues and was immediately confirmed to be sensitive to innocuous thermal stimulation in the
warm range (34-38°C). TRPV3 is expressed in mammalian skin, tongue, dorsal root ganglion (DRG),
trigeminal ganglion (TG), spinal cord, and brain. This calcium-permeable protein demonstrates
increasing current responses to repeated applications of heat or agonists, termed sensitization
[19, 23-25].

From a structural point of view, firstly, TRPV3 ankyrin repeat domain was determined by
X-ray crystallography. Subsequently, numerous TRPV3 structures solved in a diverse range of
conformations provided valuable information for understanding the molecular mechanisms un-
derlying thermo-TRP temperature sensations [19]. Recently, it has been established that cryo-EM
structures illuminate the opening and inactivation of wild-type human TRPV3 in response to
binding of two types of agonists: either the natural cannabinoid tetrahydrocannabivarin (THCV)
or synthetic agonist 2-aminoethoxydiphenylborane (2-APB). THCV binds to the vanilloid site,
while 2-APB binds to the S1-S4 base site. Despite binding to distally located sites, both agonists
induce similar pore opening and cause dissociation of a lipid that occupies the vanilloid site in
their absence. These data uncover different but converging allosteric pathways through which
small-molecule agonists activate TRPV3 and provide a framework for drug design and under-
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standing the role of lipids in ion channel function [25].

TRPV3 is involved in multiple physiological and pathological functions of the skin, such as
atopic dermatitis and Olmsted syndrome. It is expressed in diverse human tissues, among them
the skin, testes, DRG, spinal cord, and brain. Plant-derived camphor activates TRPV3 and sensi-
tizes responses of the channel to warmth. Warm temperature stimulates TRPV3 in keratinocytes,
releasing various inflammatory factors that activate pruriceptors in sensory neurons to transmit
itch signals [26, 27].

TRPV3 can also be activated by chemicals such as eugenol, thymol, and carvacrol, major
components of oregano, savory, clove, and thyme. In mice, TRPV3 was not detected in DRG neu-
rons, but it was detected in keratinocytes and is essential in causing allergic and pruritic derma-
titis in rodents. In contrast, in primates, TRPV3 expression is also observed in DRG, TG sensory
neurons, hypothalamus, and several nonneuronal tissues [28].

A recent study provided a clear link between TRPV3 and atopic dermatitis, showing that in-
terleukin-31 (1L-31) induces B-type natriuretic peptide (BNP) synthesis and release from sensory
neurons. BNP subsequently binds to the natriuretic peptide receptor (NPR1) on keratinocytes
to upregulate TRPV3 transcripts. It could increase the surface expression of TRPV3, resulting in
heightened TRPV3 activity and increased serpin E1 release. In turn, serpin E1 activates sensory
fibers in the skin and promotes itch transduction [29].

An increasing number of studies have shown that keratinocyte-expressed TRPV3 is involved
in chronic pruritus and itch transmission [30]. In particular, Han et al. [31] reported that cit-
rusinine-Il, a plant-derived natural acridone alkaloid from A. monophyla, is a potent and selec-
tive antagonist of TRPV3 that has a strong antipruritic effect in both in vivo and in vitro experi-
ments. These data indicate the potential of citrusinine-II-targeted therapy for itch [31].

In another study, it was found that keratinocytes isolated from patients with atopic derma-
titis exhibited enhanced heat sensitivity and hyperactivity of TRPV3 [32]. TRPV3 was upregulated
in the skin of the MC903-induced chronic atopic dermatitis mouse model. Heat stimulation to
MC903-treated mice increased scratching behavior and produced higher levels of thymic stromal
lymphopoietin (TLSP), nerve growth factor (NGF), prostaglandin E2 (PGE2), and IL-33 from the epi-
dermis, which were attenuated by the pharmacologic inhibition of TRPV3 [32].

Taken together, recent studies in rodents evaluated the relation of TRPV3 to itch in atopic
dermatitis and psoriasis. However, less is known concerning the clinical relevance of TRPV3 in
human studies. Further research is needed to reveal the roles of TRPV3 in human skin dysesthe-
sia and abnormalities in detail [1].

TRPV4

TRPV4 was discovered as a multimodal ion channel activated by diverse physical stimuli, in-
cluding warm temperature, hypotonic cell swelling, membrane stretch, and low pH. TRPV4 is also
sensitive to various chemical stimuli, including synthetic agonists like GSK1016790A and phorbol
esters. Several endogenous lipid molecules, such as arachidonic acid (AA) and its metabolites, as
well as endocannabinoids, activate or regulate the TRPV4 channel. Certain synthesized chemical
antagonists, HC-067047 and GSK2798745, inhibit TRPV4 activity. One of the major regulatory path-
ways of this channel is through protein phosphorylation catalyzed by various protein (e.g., PKC,
PKA), and other (e.g., SGK1, and Src) kinases [33]

The physiological roles of TRPV4 are tissue-specific, and the mechanisms behind this speci-
ficity remain mostly unclarified. It is noteworthy that mutations in the TRPV4 channel have been
associated with a broad spectrum of congenital diseases, with most of these mutations mainly
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resulting in gain-of-function. Mutations have been identified in human patients showing a vari-
ety of phenotypes and symptoms, mostly related to skeletal and neuromuscular disorders. Since
TRPV4 is so widely expressed throughout the body, it comes as no surprise that the literature is
growing in evidence linking this protein to malfunction in systems other than the skeletal and
neuromuscular [34].

This channel is activated by heat, with the temperature threshold around 24°C. Experiments
on rats treated with selective TRPV4 agonists and antagonists revealed that this channel is in-
volved in the recruitment of behavioral and autonomic warmth-defensive responses to regulate
core body temperature. The disorder region of the TRPV4 N-terminus and its ankyrin repeat
domain portion were extensively studied in isolation using mutagenesis and different methods,
such as X-ray crystallography, mass spectrometry, fluorescence spectroscopy, and others. Sub-
sequently, high-resolution cryo-EM structures were solved for human TRPV4 in complex with
GTPase RhoA, as well as human and mouse TRPV4 in the apo state and in complex with agonists,
competitive antagonists, and nonselective ion channel blocker ruthenium red [25].

An unexpected role for TRPV4 in itch came with the discovery that scratching behavior elicit-
ed by histamine [35, 36] and serotonin [37] was reduced in KO mice lacking TRPV4, and that sero-
tonin-evoked scratching, and the activation of DRG neurons were reduced by a TRPV4 antagonist
in wild-type mice [37] (for a review, see [38]).

Scratching elicited by the intradermal injection of endothelin-1 was also attenuated in

TRPV4 KO mice [35]. Scratching elicited by cinnamaldehyde (CA) was also reduced in TRPV4
KO mice [39]. Signs of chronic itch in dry skin and contact dermatitis models were also reduced
in KO mice lacking TRPV4 [38, 40].

Recent studies suggest that chemicals from traditional Chinese medicines such as vitex-
in (apigenin-8-C-glucoside) [41] or cimifugin (from the herb Saposhnikovia divaricata) [42] may
target TRPV4 to relieve acute and chronic itch. Thus, TRPV4 appears to be a good target for the
development of drugs to alleviate itch [1].

MELASTATIN SUBFAMILY

TRPM channels are a genetically and functionally diverse subfamily comprising eight mem-
bers (TRPM1-8). They share or are similar in some characteristics, but differ in others. For exam-
ple, TRPM2, TRPM6, and TRPM7 are unique, containing enzymatically active protein domains in
their C-termini. TRPM1 (the first identified) is considered a marker for metastasized melanoma.
TRPM3 is proposed to be thermosensitive to temperature in the warm range. TRPM4 and TRPM5
are the only members of the TRP channel superfamily selective for just monovalent ions do not
permeable to calcium. TRPM8 was first identified in transformed prostate cells as an andro-
gen-responsive channel, but it also serves as a sensor for cold temperatures in the peripheral
nervous system [6, 43, 44]. Accumulating evidence has recently established TRPM channels as
crucial regulators of energy metabolism [45].

TRPM2
TRPM2 was first cloned from human fetal brain, and later demonstrated that it can be acti-
vated by exposure to high temperature (> 35°C), apparently through direct heat-evoked channel
gating. The structures of TRPM2 were solved by cryo-EM for a zebrafish (Danio rerio) ortholog,
both in the closed apo state and in the open state activated by the agonist ADP ribose and cal-
cium cations. Subsequent studies of sea anemone (Nematostella vectensis), zebrafish, and hu-
man TRPM2 unveiled additional conformations and binding sites, thereby providing insights into

wodlews@yyesay wny wayd

129




LOSONION/ARTICLES

2026, 23-24 03a@0bo II 8CMooCIAN bN3MBNIAN

pharmacology and structural differences between the TRPM2 orthologs [46].

It has recently been proposed that the warmth sensitivity of TRPM2 is uniquely dependent
on calcium ion permeability, and it is regulated by using a positive feedback mechanism. The al-
tered sensation of innocuous heat in KO mice supports the hypothesis that TRPM2 expressed in
somatosensory neurons mediates an innocuous “warm” signal. In addition, hypothalamic TRPM2
channels have been shown to function as temperature sensors, which limit fever responses and
detect increased temperatures to prevent overheating [19].

Further, aberrant expression of TRPM2 is associated with various pathological conditions.
Overexpression of TRPM2 promotes cell survival in multiple malignancies, including neuroblas-
toma, lung, prostate, stomach, and pancreatic cancers. TRPM2 also mediates different neuro-
logical disorders, such as Alzheimer's disease (AD), Parkinson's disease (PD), and epilepsy, and
contributes to ischemia/reperfusion injury [47].

TRPM3

TRPM3 is an ion channel inhibited by GPCRs through direct interaction with G protein (GBy)
released upon their activation. This GPCR-TRPM3 signaling pathway contributes to the analgesic
effect of morphine. The structure of mouse TRPM3 has been solved recently in the apo form,
in complex with phosphatidyl-inositol-4,5-bisphosphate (PIP2) lipid bound to the interface be-
tween the S1-S4 bundle and pre-S1 helix, and in complex with G-protein (GR1y2) [48]. This chan-
nelis activated by heat in the range 31-45°C. TRPM3 plays a critical role in nociception, and Trpm3
KO mice exhibit reduced noxious heat sensitivity at cellular and behavioral levels [19].

TRPM8

The menthol-sensitive TRPM8 channel is activated by cooling stimuli and is involved in cold
allodynia and aberrant cold sensitivity. Initially, it was shown to be overexpressed in different
types of cancer cells and was first cloned from human prostate carcinoma cells without charac-
terization of ion channel functions. Later authors found that TRPM8 represents an ion channel
that is activated by thermal stimuli in the cool to cold range between 8-28°C, as well as by cool-
ing compounds menthol and icilin. Increased TRPM8 activity in DRG and the spinal cord

raises calcium influx and activates MAPK pathways, which boost neuronal excitability and
central sensitization, allowing TRPM8 to influence spinal and supraspinal pain circuits. This am-
plifies nociceptive signaling, neuronal sensitization, and cold hypersensitivity, which are trans-
mitted toward the CNS by AR and C fibers [19,49,50].

In collaboration with American colleagues, we found that menthol dose-dependently in-
creased the latency for noxious heat-evoked withdrawal of the treated hindpaw with a weak
mirror-image effect, indicating antinociception. Menthol at the highest concentration (40%) re-
duced mechanical withdrawal thresholds, with no effect at lower concentrations. At the time,
menthol had a biphasic effect on the cold avoidance reflex. At high concentrations (10% and
40%), menthol reduced avoidance of colder temperatures (15°C and 20°C) compared to 30°C,
while at lower concentrations (0.01-1%), menthol enhanced cold avoidance. In a -5°C cold plate
test, 40% menthol significantly increased the nocifensive response latency (cold hypo-algesia),
while lower concentrations were not different from vehicle controls. These results are generally
consistent with neurophysiological and human psychophysical data and support TRPM8 as a
potential peripheral target of pain modulation [51].

While skin cooling has been used for centuries to relieve itch, it was only recently shown that
skin cooling and menthol can alleviate both histaminergic and nonhistaminergic itch-related
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behavior in mice in a TRPM8-dependent manner [52]. Cold fibers are thought to activate inhibi-
tory spinal interneurons that suppress spinal itch transmission. Indeed, mice lacking a particu-
lar class of itch-inhibitory spinal interneurons exhibited a reduction in the antipruritic effect of
menthol [1].

CONCLUSIONS

Ubiquitous expression of TRP channels underscores their relevance across virtually every
facet of human physiology and pathology. They remain viable targets for the development of
novel therapeutics to treat acute and chronic pain, itch, inflammation, and various diseases. For
example, TRP channel antagonists are obvious tools to dampen channel function when the un-
derlying disease involves hyperactivity. Indeed, many such molecules are either in development
or have been employed in various phases of clinical trials. These studies are also merged with
known binding and channel regulation of several natural products that are ligands for these
channels. While antagonists are the obvious route to treatment, developing novel channel ag-
onists is a viable approach for some conditions. In particular, the TRPM8 and TRPV1 channel
agonists, menthol and capsaicin, respectively, have been used to treat holistically a plethora of
conditions, including pain, pruritus, headaches, and others. Thus, the role of TRP channels in the
specific disease is critical for therapies.
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