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BRIEF. This literature review assesses the role of nociceptive TRP channels, wild-type or mutant, and how modulations of various TRP channels 

impact physiological roles in pain sensation.

ABSTRACT. Transient receptor protein (TRP) channels allow the 

nervous system to comprehend senses such as sight, smell, taste, 

and pain, with the sensation of pain being referred to as 

nociception. TRP channels regulate cation influxes which control 

neural membrane potential and activation from potentially 

dangerous stimuli which lead to influxes causing signal 

propagation across neurons until the nervous system recognizes 

pain and elicits a pain response. After analyzing the literature 

regarding dysfunction of nociceptive TRP channels and the 

various pain-related conditions damages are associated with, links 

have been found between nociceptive TRP channel mutations and 

impairments in sensing temperature and pain. Attempts have been 

made to exploit TRP channel function to pain-relievers, of which 

capsaicin desensitization has proven to be most effective. 

INTRODUCTION.  

Transient receptor protein (TRP) channels are transmembrane proteins 

that primarily mediate the flow of Ca2+, Na+, and Mg2+ cations 

across the cell membrane. TRP channels allow for the sensation of 

physical and chemical external stimuli, pH, temperature, and 

activation ligands [1]. TRP channels act as signal transduction 

initiators in response to external stimuli, which allows for the 

sensations of sight, smell, taste, and pain. 

Physiologically, TRP channel function varies widely, from mediating 

ions to regulating neuron membrane potentials [1-2]. Therefore, 

dysfunction of TRP channels results in a wide array of disorders [1-2]. 

However, the scope of this literature review is to specifically assess 

the structure, function, and result of dysfunction of nociceptive TRP 

channels. 

TRP Channel Structure. The TRP family consists of six sub-families 

totaling 28 different known proteins [3]. The six families are: 

canonical (TRPC), vanilloid (TRPV), ankyrin (TRPA), melastatins 

(TRPM), mucopilins (TRPM1), and polycystin (TRPP) families [4]. 

These TRP families play significant roles in a variety of physiological 

processes, with TRPV, TRPA, and TRPM channels interplaying 

significantly in nociception [4]. 

Based on structural data, TRP channels are characterized by their six 

transmembrane domains. The first four transmembrane domains 

function as the voltage sensor and agonist binding site, where a 

hydrophilic loop between the fifth and sixth transmembrane domains 

form the ion conducting pore (Fig. 1) [5]. The position of amino acid 

residues within this loop varies between channels, determining its 

selectivity for different cations [6]. 

Nociceptive TRP Channel Activation and Cation Regulation. Amino 

acid sequence and length at the N- and C-termini vary across different 

TRP channels, creating the diversity within the TRP family [7]. Of the 

six subfamilies, only TRPV, TRPA, and TRPM channels are 

considered “nociceptive TRP channels,” activated by painful or 

noxious stimuli. Within these groups, TRPV1, TRPA1, and TRPM8 

have been identified to play more significant roles in nociception [6]. 

TRPV1 channels are expressed in nociceptive neurons throughout the 

body and therefore play a highly significant role in pain sensation, 

activated by a variety of stimuli including noxious heat, protons, and 

chemical ligands [7]. Furthermore, TRPV channels are unique in how 

they can be activated by the vanilloid ligand capsaicin (Fig. 2A) 

commonly found in chili peppers [7]. Upon TRPV1 capsaicin 

activation, there is an excitation period followed by a refractory period 

where the cells stop responding to other stimuli [7]. TRPV1 channels 

are also terrific heat sensors, activated by temperatures over 42°C, [7] 

TRPA1 and TRPM8 activate in response to a decrease in temperature 

(<20°C), with activation in the dorsal root and trigeminal ganglion 

sensory neurons resulting in the cold sensation [8]. TRPM8 is also 

chemically activated by cooling compounds such as menthol (Fig. 

2B), found naturally in mint plants [1,8]. Other channels that also play 

a role in nociception include the high temperature activated TRPM3, 

TRPV2 and TRPV3 [9]. It is hypothesized that molecular damage of 

TRP channels leads to the dysregulation of sensory induction, lessen-

 

Figure 1. Basic Protein Domain Monomeric Structure of TRP Channels. S1-S6 are the membrane spanning domains. NTD=N-Terminal Domain; CTD=C-
Terminal Domain. 



 

 

Figure 2. Molecular Structures of Compounds that Activate TRP Channels. 
A) Capsaicin; B) Menthol; C) Zucapsaicin. 

 

ing the ability to sense pain, perhaps by the desensitization to both 

thermal and chemical external stimuli. 

MATERIALS AND METHODS.  

Literature Curation. This literature review was conducted by 

surveying the current relevant literature on TRP channels published on 

credible databases such as the National Center for Biotechnology 

Information (NCBI), Google Scholar, and bioRXIV. Keywords for the 

literature curation included TRP channels, nociception, pain 

management, membrane cation flow, and other related keywords. 

Articles referenced date as far back as 2008 and as current as 2022.  

RESULTS. 

Classifying Mutations. After reviewing numerous articles on TRP 

channel mutations and the impacts of dysregulation, point mutations, 

the replacement of a single nucleotide base, is the primary origin of 

TRP channel variants. Point mutations can be grouped into three types: 

silent, missense, or nonsense mutations (Fig. 3) [18, 19]. Mutations to 

a nociceptive TRP channel can either leave its structure unchanged or 

altered, the latter potentially leading to dysfunction and modulations 

in how pain is perceived. 

Following a missense or nonsense mutation, the protein will either lose 

their original function, resulting in a Loss of Function (LOF) mutation, 

or gain a new function, resulting in a Gain of Function (GOF) mutation 

[20]. In TRP channels, GOF mutations predominantly reside over LOF 

mutations [18]. It is hypothesized that the domination of GOF 

mutations is due to LOF mutations having serious implications in 

embryonic development due to their lethal-null phenotypes.  

TRP Mutation Phenotypes. Several studies investigating the impacts 

of TRP channel point mutations on sensation have found the following 

mutations to impact nociceptive abilities. With the exception of 

TRPA1 E179K, the domains of the investigated mutants are unknown. 

TRPV1. Duo et al. (2018) determined the impacts of the G564S GOF 

mutation in TRPV1 channels in mice and demonstrated that G564S 

mice displayed premature TRPV1 channel activation before capsaicin 

stimulation occurred [5]. After repeated doses of capsaicin, wild-type 

mice showed a decreased reaction to subsequent doses, while those 

with the G564S mutation did not, implicating that the mutation overall 

decreases TRPV1 function and sensitivity to noxious heat [5]. 

Abeele et al. (2019) demonstrated that the Y524S mutation in murine 

TRPV1 channels resulted in abnormally high hypermetabolic response 

when exposed to higher temperatures, with increased efficacy of 

TRPV1 agonists countering these responses [11]. This demonstrates 

that TRPV1 dysfunction not only plays a role in malignant 

hyperthermia, but also that agonists could be a putative treatment for 

hyperthermia [11]. 

 

Figure 3. Mutation Types and their Effect on Protein Sequence/Structure. 
Silent mutations result in no change to the amino acid sequence. Missense 

mutations result in the substitution of an amino acid and could potentially 

result in the change of the protein secondary structure. Nonsense mutations 
result in a premature stop codon, typically yielding a non-functional protein.  

 

TRPA1. TRPA1 N855S has been identified as a key player in familial 

episodic pain syndrome, a genetic disorder characterized by episodes 

of recurring neuropathic pain [12]. The mutation drastically increases 

neuronal cation influx upon activation [12]. However, a subsequent 

investigation by Kremeyer et al. (2010) demonstrated that both wild-

type and N855S subjects showed no difference in stimulus detection 

thresholds [12]. 

TRPA1 E179K, located in the protein’s ANK 3 domain, is often found 

in patients experiencing paradoxical heat sensation (PHS), where 

patients feel burning heat when exposed to noxious cold stimuli [13]. 

It has been hypothesized that the mutation alters the channel’s 

secondary structure as the hydrophilic glutamate in position 179 is 

substituted by the hydrophobic lysine, altering how the amino acids 

interact with one another [14].  

Other TRP channels. It has been reported that an unspecified TRPV3 

mutation correlates to the onset of Olmsted syndrome, with symptoms 

including keratoderma (abnormal thickening of the epidermis), 

alopecia, and severe itching [15]. Lin et al. (2012), propose that this 

mutation increases TRPV3 activation and henceforth Ca2+ levels in 

keratinocytes [15]. 

TRPM8 R30Q, has been found in patients with trigeminal neuralgia, a 

chronic condition linked to severe pain in the face [16-17]. However, 

Gualdani et al. (2021) did not observe direct causation between R30Q 

and trigeminal neuralgia, but found that the variant increased TRPM8 

activation in response to menthol and increased intracellular Ca2+ 

[17]. 

TARGETING TRP CHANNELS FOR PAIN RELIEF. 

The corroboration by many studies indicates that TRP channel damage 

modulates nociception; therefore, targeting nociceptive TRP channels 

is a putative strategy for pain relief. This putative strategy would be 

preferred as other analgesics on the market have their limitations; with 

non-steroidal anti-inflammatory drugs (NSAIDs) having limited use 

in high degrees of pain and opioid usage being effective but associated 

with high risk of abuse [21]. Antagonists of TRPV1 and other 

nociceptive TRP channels have been widely explored for therapeutic 

potential, following the hypothesis that hindering nociceptive TRP 

channels would modulate nociception.  

Capsaicin Desensitization. Using TRPV1 agonists as an analgesic 

exploits the refractory period followed by activation, desensitizing the 

channel. Capsaicin has been explored in depth for pain desensitization. 

Trials examining capsaicin exposure found desensitization to be 

reversible, suggesting the treatment is not necessarily 100% reliant on 

TRPV1 [22]. Nevertheless, products containing low concentrations of 



 

capsaicin have been available over the counter since the 1980s as self-

administered remedies [23]. 

Qutenza (NGX-4010), an 8% capsaicin adhesive patch is one 

medication that has successfully undergone clinical trials [24]. In 

November 2009, Qutenza was FDA approved and since then patches 

have been available both by prescription and over the counter [25]. 

Zucapsaicin (Fig 2C), the cis-isomer of capsaicin, modulates TRPV1, 

reducing pain and treating chronic nerve pain conditions [26]. While 

Zucata, a cream containing Zucapsaicin (Fig 2C), was approved by 

Health Canada, Zucapsaicin is currently not FDA-approved [26].  

TRP Antagonists. Previous studies on rodents have shown that 

administering small-molecule TRPV1 antagonists can reduce 

inflammation-associated hyperalgesia [6]. These results, along with 

other pre-clinical research, encouraged testing nociceptive TRP 

antagonists for pain relief [6]. TRPV1 antagonist AZD1386 made it to 

phase II in clinical trials, which were later terminated.  

Because TRPV1 plays a key role in maintaining body temperature, 

regular doses of antagonists impairing TRPV1 function were found to 

lead to hyperthermia, implying that antagonists would not be 

sustainable treatment [27]. Other TRP channels antagonists which 

have completed phase II clinical trials include GRC-17536 targeting 

TRPA1 and SAR292833 targeting TRPV3, both for neuropathic pain, 

with unpublished results [6]. 

CONCLUSION. 

TRP channel variants result in the modulation of TRP channel 

biochemical processes (basal nociception). However, TRP channel 

defects that result in the structural alteration of the channel result in 

widely ranging functional defects perturbing normal nociception and 

are associated with various diseases. Recorded causes of channel 

damages altering their structures and functions are limited, potentially 

indicating that not only has pain sensation been evolutionarily 

important to survival, but also that catastrophic TRP channel damages 

likely result in an embryonic lethality, emphasizing their importance 

to survival. This is further corroborated by all reviewed cases of 

nociceptive TRP channel damage stemming from GOF, not LOF 

mutations associated with conditions concerning pain and temperature 

sensation or itching. 

While protein structure to protein function has been mapped on TRP 

channels, there are still regions of unknown function that require 

further exploration to ascertain a more global perspective regarding 

TRP channel structure and function. A prime example of this is the 

fact that the majority of the mutations listed in this study are found in 

regions of unknown domain function. As research progresses, viewing 

how altered TRP channels impact pain sensation can hopefully be 

applied in future clinical trials targeting TRP channels and their 

antagonists for development in analgesic production. 
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