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Abstract: Asthma is a chronic heterogeneous disease characterized by chronic inflammation and bronchial hyperreactivity. Neurogenic 
inflammation is one of the important causes of hyperreactivity. Dysfunction of transient receptor potential (TRP) ion channels underlies the 
development of neurogenic inflammation, bronchial hyperreactivity and respiratory symptoms of asthma such as bronchospasm and 
cough. TRP channels are expressed in the respiratory tract. Their activation is mediated by endogenous and exogenous factors involved in 
the pathogenesis of asthma. The study of functioning and regulation of TRP channels is relevant, as they could be important therapeutic 
targets for asthma. The aim of the review is to summarize modern ideas about the mechanisms of functioning and regulation of members 
of the TRP channel superfamily, the role of which in lung pathology and physiology are the best studied.  
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Introduction 

Asthma is a heavy socio-economic burden for the healthcare 
system and efforts to find effective therapeutic strategies for this 
pathology remains relevant for many decades [1, 2]. It indicates 
the multifactorial nature of the disease and the complexity of its 
pathophysiological mechanisms. 

Asthma is a heterogeneous progressive disease with high 
variability caused by genetic predisposition, the influence of 
climatic and anthropogenic environmental factors, as well as an 
ability of the bronchi to respond immediately to several trigger 
factors through the development of bronchospasm [3].  

Bronchial hyperreactivity and chronic inflammation are 
important pathogenetic mechanisms of asthma [3]. One of the 
reasons for the development of hyperreactivity is an imbalance in 
the relationships between immune and nerve cells, denoted by the 
term "neurogenic inflammation" [4]. The adrenergic, cholinergic 
and nonadrenergic non-cholinergic nervous systems innervate the 
airways [5]. Non-myelinated, nociceptive C-fibers of the lungs 
participate in sensory innervation of the mucous membrane of the 
respiratory tract and are involved in the pathogenesis of asthma 
[6]. The stimulation of C-fibers is accompanied by the release of 
neuropeptides (substance P (SP), vasoactive intestinal peptide 
(VIP), calcitonin gene related peptide (CGRP), tachykinins, 
neuropeptide Y (NPY), bombesins, granins) [7]. An imbalance 
between stimulating and inhibiting neuropeptides has been noted 
in prolonged airway inflammation [8]. Neurons interact with 
immune cells through neuropeptides, modulating the 

development of Th2-associated immune response and chronic 
neurogenic inflammation. On the other hand, the immune system 
activates sensory neurons, mediating the development of 
hyperreactivity and subsequent bronchospasm in asthma.  

In addition to bronchospasm, repeated episodes of wheezing, 
shortness of breath, chest tightness and coughing have been 
observed in asthma [3]. The cough reflex has a complex 
neurogenic pathway and is regulated by sensitive vagal afferent 
nerves that innervate the airways [9]. The high sensitivity of the 
bronchi to the action of climatic factors (low temperature and high 
humidity) is also associated with impaired regulation of sensitive 
afferent nerves of the respiratory tract and the development of 
chronic neurogenic inflammation [10]. 

Thus, nociceptive neurons are involved in airway inflammation 
by initiating local neurogenic inflammation and activating 
bronchoconstriction. 

It has been established that the sensitivity of airway 
nociceptors is associated with the activity of a new class of 
membrane proteins – members of the transient receptor potential 
(TRP) ion channel superfamily [9]. The data presented in the 
literature convincingly indicate the role of TRP channels in the 
initiation of neurogenic inflammation and the formation of some 
reactions of the respiratory tract in asthma, which are mediated by 
the influence of endogenous and exogenous factors [11-13]. 
Obviously, further research on functioning and regulation of TRP 
channels is relevant, as they could be important therapeutic 
targets for the treatment of asthma [14]. 
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The scientific publications on a given topic were searched for 
in the PubMed database over the past 10 years. The review 
included only those sources of information that highlighted the 
structure and functioning of TRP ion channels in asthma, 
exogenous and endogenous factors modulating their activity. The 
following keywords were used: "Transient Receptor Potential 
channels asthma". The found titles of articles were looked through 
and, if they corresponded to the topics of the literary review, the 
abstracts of the articles were analyzed. If the abstract met the 
inclusion criteria, a search and analysis of the full-text version of 
the article were performed. 

 

Characterization of TRP ion channels localized in the 
bronchopulmonary system 

TRP channels are an extensive group (superfamily) of integral 
membrane proteins that have identical structure, fulfill the 
functions of ion channels and react to various chemical, thermal 
and mechanical stimuli [15].  

The mammalian TRP superfamily consists of 28 channels 
grouped into 6 subfamilies. Several subunits are distinguished in 
each subfamily: canonical (TRPC 1-7), vanilloid (TRPV 1-6), 
polycystin (TRPP 1-3), mucolipin (TRPML 1-3), ankyrin (TRPA 1) and 
melastatin (TRPM 1-8) [12, 13]. In addition, TRPN receptors (no 
mechanopotential (NOMP)), which are similar to canonical ones 
but not responding to mechanical stimuli, have been found in 
invertebrates and fish. 

TRP channels are expressed primarily by neurons [16, 17]. At 
the same time, some channels have also been found on other 
cells, in particular on cells of the respiratory tract (bronchial 
epithelium and endothelium, smooth muscle cells, non-myelinated 
nociceptive C-fibers of the lungs) [17, 18]. 

TRPA1, TRPV, TRPC, TRPM expressed in the respiratory tract 
are the most studied. The sensitivity of nociceptors involved in 
neurogenic inflammation in the bronchopulmonary system is 
largely associated with TRPA1 and TRPV1 [14]. 

 

TRPA1 

The TRPA1 channel has for a long time been considered as a 
protein mainly expressed by nociceptors and perceiving external 
chemical, physical and mechanical stimuli initiating acute pain. 
However, in recent years, its presence has been established in T-
cells, B-cells, mast cells, as well as in nociceptive C-fibers of the 
lungs involved in pathogenetic mechanisms of the development 
and progression of asthma [19]. TRPA1 is involved in the initiation 
of chronic airway inflammation primarily as a protective 
mechanism of the lungs along with TRPV1. However, excessive 
stimulation of the receptor by reactive oxygen species and lipid 
peroxidation products in pathology or endogenous irritants of the 
respiratory tract (ozone, acrolein, etc.) may be associated with the 
development of chronic inflammation. It is believed that TRPA1 
receptor activation is an important mechanism of neurogenic 
airway inflammation and TRPA1 antagonists could play a 
significant role in the treatment of asthma [14]. 

 

TRPV 

Despite the fact that TRPV channels are predominantly 
localized on nociceptive neurons, a significant number of these 
receptors has been noted in sensory nerve fibers of the respiratory 
tract, on bronchial epithelial cells, mast cells, macrophages and 

smooth muscle cells [20]. These channels are involved in the 
synthesis of pro-inflammatory mediators, mucus hypersecretion 
and the contraction of bronchial smooth muscles [21]. 

The release of pro-inflammatory cytokines initiating chronic 
inflammation of the respiratory tract is associated with TRPV1 
activation [22]. Despite the low level of TRPV1 expression in the 
lung tissue in healthy subjects [19], it is increased in patients with 
asthma [23]. It has been revealed that TRPV1 expression is a 
statistically significant increased in the bronchi in asthma patients 
who did not respond to standard therapy compared to patients 
who responded to the treatment. It suggests a significant role of 
these channels in severe difficult-to-control asthma [24]. 

TRPV4 is currently one of the most actively studied TRPV 
channels [25, 26]. TRPV4 is widely expressed in the heart, kidneys, 
skin, sweat glands, nociceptive neurons, as well as in the epithelial 
cells of the bronchi and sensory nerve fibers of the respiratory 
tract [17, 27]. The role of this channel in the pathogenesis of 
asthma has been poorly studied [28]. 

 

TRPC 

TRPC channels are expressed in various tissues, but TRPC4 and 
TRPC5 are predominantly localized in the nervous system. TRPC1 
channel activation is involved in the development of inflammation 
and airway remodeling [29, 30]. In addition, bronchoconstriction 
and cough, which are characteristic of an asthmatic reaction, is 
mechanical stress to the airway that induces TRPC1 activation and 
promotes airway remodeling [31]. 

TRPC6 is expressed in lung tissue and activated under hypoxia 
[32], but its role in the pathophysiology of asthma needs to be 
studied further. 

 

TRPM 

Currently, among the TRPM channels, the role of TRPM8 in 
inflammation and airway remodeling in asthma is more actively 
studied [14]. Recent studies have shown that TRPM8 is expressed 
not only by sensitive neurons but also in various organs and 
tissues, including epithelial and smooth muscle cells of the 
respiratory tract [33]. The activation of TRPM8 in lung epithelial 
cells leads to an increase in the expression of cytokines, 
chemokines and mucus hypersecretion [33]. At the same time, the 
pro-inflammatory mediators, such as bradykinin and prostaglandin 
E2 (PGE2), as well as the acidity change observed in inflammation 
inhibit the activity of the channel. 

Thus, TRPA1, TRPV1, TRPV4, TRPC1, TRPC6 and TRPM8 
channels are expressed in the bronchopulmonary system and are 
involved in the pathogenesis of asthma. However, the additional 
and comprehensive study of mechanisms of modulation of their 
activity is required to develop new therapeutic strategies for this 
disease. 

 

Exogenous and endogenous factors modulating the activity of 
TRP ion channels in the respiratory tract 

TRP channels expressed in the airways may be activated by 
both exogenous and endogenous factors. A number of these 
triggers play an important role in the development and 
progression of asthma [34, 35]. 

The main differences of the TRP superfamily from other ion 
channel families are predominant localization in neuronal cells and 
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reactions to known exogenous stimuli, such as temperature, 
chemicals, light and sound [15, 36]. 

TRP channels expressed by non-neuronal cells are 
predominantly activated by endogenous factors [17, 18]. The 
modulation of TRP channels may be due to the exposure to 
bradykinin, histamine, phosphatidylinositol-4,5-bisphosphate 
(PIP2), neurokinin and PGE2 [37]. TRP activity also depends on the 
impact of bioactive lipids, such as phosphatidylcholine, 
phosphatidylethanolamine, cholesterol, phosphatidylinositol-4,5-
bisphosphate, polyunsaturated fatty acids (PUFAs) and 
endogenous cannabinoids, as well as changes in pH, membrane 
potential and intracellular calcium ion concentration (Ca

2+
) [38, 

39]. 

The regulation of these channels by various stimuli makes 
them an extremely attractive therapeutic target. 

 

Temperature 

TRP channel subfamilies are characterized by the ability to 
respond to thermal stimulation [36]. The temperature range for 
activation of TRPA1 and TRPM8 is 8-28°C, TRPV3 and TRPV4 react 
to 27-35°C, TRPV1 is activated by even higher temperature, and 
the temperature for TRPV2 triggering is above 52°C [15]. 

TRPA1 and TRPM8 are activated by cold air [33, 37] that is an 
important trigger factor for the development of severe asthma in 
patients with cold airway hyperresponsiveness [10, 40]. Some 
studies have shown that cold air induces an inflammatory reaction 
of the respiratory tract and the development of bronchial 
remodeling by altering the expression of TRPA1 and TRPM8 [38]. 

The combination of cold air and high humidity is also 
accompanied by the development of a bronchospastic reaction 
and asthma-like symptoms (coughing, wheezing, shortness of 
breath) in patients with asthma, increasing the frequency of 
exacerbations and reducing disease control [41, 42]. The 
development of bronchospasm and asthma-like symptoms in 
response to exposure to hyper- and hypoosmolar exogenous 
stimuli are mediated by TRPV channels (TRPV1, TRPV4 and 
probably TRPV2). The development of new methods of the 
treatment of asthma exacerbations caused by the influence of cold 
air should be based on the regulation of activity of TRPA1, TRPM8 
and TRPV channels. 

Currently, these channels are considered as the main sensors 
perceiving physicochemical stimuli of the external environment 
[33, 37]. 

 

Bioactive lipids 

Among the listed endogenous stimuli, endogenous 
cannabinoids play the most important role in channel activation. 
Endogenous cannabinoids, which are derivatives of arachidonic 
acid (AA) (namely anandamide and 2-arachidonoylglycerol (2-AG)), 
and cannabinoid receptors of the first and second types (CB1 and 
CB2) are the most studied [43]. Endocannabinoids, cannabinoid 
receptors for the psychoactive ingredients of marijuana (Δ9-
tetrahydrocannabinol) and the enzymatic systems, which are 
involved in the synthesis, metabolism and degradation of these 
compounds, form the endocannabinoid system [44]. In addition to 
CB receptors, anandamide and 2-AG is also able to bind and 
activate TRPV (TRPV1, TRPV2, TRPV3, TRPV4), TRPA1 and TRPM8 
[45]. Anandamide was the first detected endogenous TRPV1 and 
TRPM8 antagonist. 2-AG also acts as an agonist of TRPV1 channel 

[46]. Besides that, Δ9-tetrahydrocannabinol affects TRPV2, TRPV3, 
TRPV4, TRPA1 and TRPM8. 

The levels of circulating endocannabinoids are significantly 
increased in asthma [47, 48], and their ability to modulate the 
activity of TRPV and TRPM8 channels deserves close attention. 

Lysophospholipids, PUFAs and PIP2 are factors modulating the 
activity of TRP channels, in particular TRPM8. Lysophospholipids 
increase the temperature threshold of the channel activation and 
PUFAs (arachidonic, eicosopentaenoic, docosahexaenoic acids), 
conversely, inhibits the channel activation by cold and menthol. 
TRPM8 is activated at 32-37°C under the condition of a high 
concentration of phospholipid PIP2. 

Numerous studies have shown that TRPV ion channels (TRPV1, 
TRPV4) are sensitive to the level of membrane cholesterol, which 
is one of the main lipid components of the plasma membrane of 
the most eucaryotic cells [49-51]. Cholesterol is necessary to 
maintain membrane fluidity, membrane thickness and the 
compartmentalization of lipid domains. However, an increase in 
the level of membrane cholesterol underlies the development of 
cell dysfunction and pathology [52, 53]. The physicochemical 
properties of lipid rafts are regulated by the presence of 
cholesterol [54], the maintenance of calcium ion balance [55] and 
the presence of exogenous fatty acids [56]. Richard G.C. et al. have 
emphasized the close relationship between fatty acid synthesis 
and cholesterol synthesis [57]. There is a constant exchange 
between the membrane proteins of the lipid raft and the 
surrounding lipid bilayer. Therefore, the violation of cholesterol 
metabolism leads to the disorder of the functioning of the lipid raft 
and, accordingly, the signaling pathways of the cell [58]. There are 
two mechanisms of lipid-protein interactions: specific interactions 
or changes in the physicochemical properties of the membrane 
affecting the dynamics of ion channels [59]. 

It has been established that TRPV channels are regulated by 
cholesterol-protein interactions [60]. Several recent studies have 
identified a number of motifs (two amino acid sequences) 
responsible for cholesterol binding that has made it possible to 
understand the features of the interaction of cholesterol and ion 
channels [50, 61]. On the one hand, cholesterol can interact with 
the channel protein and regulate its function as a ligand and, on 
the other hand, it regulates the channel functions by changing the 
stiffness of the lipid bilayer that in turn affects the function of the 
protein [62]. 

It is obvious that endocannabinoids, cholesterol, 
lysophospholipids, PUFAs and PIP2 are able to modulate the 
activity of TRPV channels, it emphasizes the need for further 
research. 

 

Acidity, membrane potential and intracellular calcium ion 
concentration 

TRP activity also depends on pH, membrane potential and 
intracellular Ca

2+
 concentration. 

The impact of trigger factors leads to the opening of the 
channel due to a change in the membrane potential required for 
the activation. TRP channels are permeable to Na

+
, K

+
, Mg

2+
 and 

Ca
2+

 ions [63]. At the same time, different channel families have 
different selective permeability and can be permeable only to Ca

2+
 

ions, or only to monovalent cations, or not have valence 
specificity. It is noteworthy that after activation the channel can be 
modulated by completely different mechanisms, which can not be 
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predicted on the basis of its belonging to a particular TRP 
subfamily. Na

+
 and K

+
 are involved in the regulation of bronchial 

patency and functions of cells participated in the development of 
inflammatory changes in the bronchopulmonary system. Ca

2+
 is a 

messenger of signaling cascades responsible for the synthesis and 
secretion of inflammatory mediators, mucin hypersecretion and 
bronchial smooth muscle contraction [24]. In addition, TRP 
activation is accompanied by an influx of extracellular Ca

2+
 ions 

and the release of neuropeptides in peripheral tissues and the 
spinal cord that causes the development of neurogenic 
inflammation [64].  

TRPV1, TRPV4, TRPM8, TRPC1, TRPА1 channels play an 
important role in intracellular Ca

2+
 dysregulation [24, 65]. The 

stimulation of airway epithelial cells by lipopolysaccharides (LPS), 
which are part of the wall of gram-negative bacteria and play a 
crucial role in the immune response in asthma, leads to an 
increase in Ca

2+
 concentration mediated by TRPV4 channels. The 

observed increase in nitric oxide production testifies to the 
protective role of TRPV4 [66]. Ca

2+
 influx caused by TRPC1 

activation regulates and stimulates cell proliferation, 
differentiation, secretion and migration, as well as modulates the 
expression of chemokines and cytokines, such as interleukin-13 (IL-
13), matrix metalloproteinases-9 [29, 30]. 

Thus, the activation of TRP channels expressed in the airways 
can be mediated by the influence of both exogenous and 
endogenous factors. Nociceptors involved in neurogenic 
inflammation in asthma are associated with TRPA1 and TRPV1. 
TRPV1 channel is activated by the influence of hyper- and 
hypoosmolar exogenous stimuli, endogenous cannabinoids and 
other bioactive lipids. TRPA1 сhannel is activated by cold. In 
addition, changes in the activity of both TRPA1 and TRPV1 depend 
on pH acidity, membrane potential and intracellular concentration 
of Ca

2+
 ions. The above data highlight the undoubted relevance of 

the further study of disorders in TRP channel expression in asthma 
for practical pulmonology.  

 

The disorder of TRP ion channel expression in asthma 

TRP channels are involved in inflammatory and structural 
changes in the respiratory tract resulting in the development of 
bronchial hyperreactivity and bronchospasm [67]. 

Non-myelinated nociceptive C-fibers expressing TRP channels 
are involved in sensory innervation of the mucous membrane of 
the respiratory tract. Trigger factors stimulate the peripheral parts 
of the nociceptor and activate the channels (mainly TRPV1 and 
TRPA1) resulting in the release of neurotransmitters and the 
development of neurogenic inflammation in the airways. 

Thus, TRPA1 expression by C-fibers of the respiratory tract 
caused endogenous factors is accompanied by an influx of 
extracellular Ca

2+
 ions and the release of pro-inflammatory 

neuropeptides (SP, CGRP, neurokinin A) and the development of 
bronchospasm [64]. The role of TRPA1 channels in the activation 
of sensory nerves of the lungs and the formation of 
bronchoconstriction has been established in both allergic [68] and 
non-allergic asthma [69]. TRPV1 channel agonists also cause 
bronchoconstriction in humans and animals through the 
development of neurogenic inflammation [22]. Neuropeptide SP is 
considered as an important mediator of neurogenic inflammation 
causing edema, mucus hypersecretion and initiating 
bronchospasm [8]. This pleiotropic peptide stimulates the 
production of granulocyte-macrophage colony-stimulating factor 

(GM-CSF), which regulates the proliferation and differentiation of 
progenitor cells of monocytes, neutrophils, macrophages and 
dendritic cells. SP also has the ability to stimulate the release of 
pro-inflammatory cytokines (IL-1, IL-6, IL-8, tumor necrosis factor-
α (TNF-α)) by human bronchial epithelial cells and cause 
bronchospasm. CGRP receptors play an important role in the 
release of certain pro-inflammatory cytokines, chemokines and 
inflammatory mediators. They, in turn, mediate mucus 
hypersecretion and the narrowing of airways [70]. 

Bronchospasm and asthma-like symptoms that develop in 
response to exposure to cold air and high humidity are due to the 
participation of TRPV channels (TRPV1, TRPV4 and probably 
TRPV2) in osmoreception [10, 71, 72]. The violation of osmolarity 
of the intrabronchial environment is accompanied by the 
formation of lipid peroxidation products, the activation of mast 
cells, the secretion of neurotransmitters and cytokines [73], which 
mediate the development of bronchial obstruction, the 
impairment of the mucociliary system and the activation of the 
cough reflex. Changes in the structure and function of the 
mucociliary system are involved in the formation of airway 
hyperresponsiveness. 

Particular attention is paid to TRP-mediated induction of cough 
as the result of the inhalation of irritating environmental reagents 
and the development of bronchopulmonary pathology [39]. On the 
one hand, the activation of these channels in the nerve endings of 
the respiratory tract leads to the stimulation of protective reflexes 
(cough, elevated mucus production, increased mucociliary 
clearance). On the other hand, it can be a pathogenetic basis for 
the formation of the disease under certain conditions [39, 67]. The 
pathogenesis of the cough reflex involves the TRPV1 channel [39]. 
The release of pro-inflammatory mediators, which activate or 
sensitize TRPV1 channels (prostaglandin, bradykinin, lipoxygenase 
metabolites), is accompanied by the appearance of cough [74]. It is 
known that the decrease in pH observed in the affected airways 
also contributes to the activation of TRPV1 channels. In this 
regard, these channels are considered as a potential 
pharmacological target for antitussive therapy [14]. Currently, the 
clinical trials of a number of compounds modulating TRP channels 
(TRPV1, TRPV3, TRPV4, TRPA1, TRPM8) have carried out [1]. 

 

Conclusion 

Currently, it is known that the pathogenesis of asthma involves 
not only the mechanisms of chronic inflammation mediated by 
allergic reactions, but also the mechanisms of neurogenic 
inflammation. Nociceptive C-fibers of the lungs expressing TRP 
channels are involved in the innervation of the mucous membrane 
of the respiratory tract. The exogenous and endogenous trigger 
factors stimulate peripheral parts of the nociceptor and activate 
TRP channels thereby initiating the release of neurotransmitters 
and the development of neurogenic inflammation. In addition, the 
dysfunction of TRP ion channels is the pathogenetic basis of 
respiratory symptoms accompanying asthma, such as 
bronchospasm and cough. 

Therefore, the relevance of the further study of the 
functioning and regulation of TRP channels is undeniable, since 
they can be new and effective therapeutic targets in asthma. The 
modulators of TRP receptor activity can have an anti-inflammatory 
effect by blocking the participation of some neurons in chronic 
inflammation in asthma. 
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