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Hot target on nociceptors: perspectives, caveats
and unique features
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Department of Pharmacology and Pharmacotherapy, Faculty of Medicine, University of Pécs, Pécs, Hungary

Identification of C-polymodal nociceptors and the selective action of capsaicin on them by acting on a putative receptor, which
has been cloned 11 years ago, initiated a burst of interest in pharmacology of nociceptors. Capsaicin receptor transient
receptor potential vanilloid-1 (TRPV1) being a noxious heat-gated cation channel gated also by several exogenous and
endogenous substances serves as a nocisensor to generate graded receptor potentials in these sense organs. Impressive data on
pathways involved in sensitization/desensitization of the channel revealed in isolated cells should also validate at the level of
nerve endings and lipid raft around TRPV1 could modify the channel gating. Capsaicin-sensitive nociceptors subserve dual
sensory-efferent functions: tachykinins and calcitonin gene-related peptide released from them elicit local tissue responses as
neurogenic inflammation and release of somatostatin evokes systemic anti-inflammatory and antihyperalgesic effects. TRPV1
gene-deleted mice show subtle changes in physiological regulations, therefore TRPV1 is a promising but challenging target for
drug research.
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The idea of the existence of nociceptors that respond to

various ‘noxious’ stimuli was first predicted by Sherrington

102 years ago. Unequivocal evidence for this hypothesis was

revealed by Bessou and Perl (1969), describing the largest

subset of C-afferent fibres that have sense organs excited by

heating to a noxious level, elevated mechanical stimuli and

also to acid or other irritant chemicals. These sense organs

were termed ‘polymodal nociceptors’ or ‘polymodal recep-

tors’ (Perl, 1996). From a pharmacological point of view, it

seemed to be a promising task to discover compounds that

selectively inhibit the function of nociceptors. Nevertheless,

as so often happens, not a rational approach, but serendipity,

had become the starting point. Analysing the chemoanalge-

sia elicited by high dose of capsaicin—discovered and first

mentioned by Nicholas Jancsó during the 1940s of the last

century—I published evidence during the 1970s that

capsaicin excites and desensitizes the C-polymodal nocicep-

tors by acting on a putative ‘capsaicin receptor’ and that its

action is highly temperature dependent (Szolcsányi, 1996). It

had become clear that capsaicin-type agents have highly

selective action on this major nociceptive group of primary

afferent neurons, preoptic warm detectors and some groups

of chemosensory interoceptors, but not on mechanorecep-

tors or efferent neurons of the autonomic nervous system.

Thus, this ‘chemoceptive’ afferent system has been classified

as ‘capsaicin-sensitive’ for differentiation among nerve-

mediated responses referring to a receptor-mediated action

that elicits dual stimulatory and lasting blocking effects.

Attempts to relate capsaicin sensitivity and its neuroselective

action to neuropeptides depleted by capsaicin was a kind of

misinterpretation of the original proposal and led, in some

cases, to misleading conclusions. Ablation of sensory

neurons in rats after neonatal treatment turned out to be

not restricted to nociceptor population, but indiscriminate

loss of C-afferents occurs owing to marked secondary

changes (Szolcsányi, 1996, 2002). On the other hand, the

concept about the existence of the ‘capsaicin receptor’ has

been proven and led to cloning the first temperature-gated

ion channel now named as the transient receptor potential

vanilloid-1 (TRPV1). Gating TRPV1 by noxious hot stimuli

and its sensitization by endogenous inflammatory media-

tors, such as bradykinin or prostaglandin, or directly gating

by lipoxygenase metabolites or protons formed an impressive

body of evidence for its integrative ‘nocisensor’ function.

Transfected cell lines expressing this nocireceptive transdu-
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cer molecule has opened promising new perspectives for

high-throughput screening in drug research.

Transient receptor potential vanilloid-1 does not fit to the

classical grouping of ion channels as voltage-gated vs ligand-

gated ones. Beyond the thermosensor character, its function

is to signal endogenous or exogenous chemonociceptive

stimuli either from the outer or inner side of the channel.

From this point of view, its ligand-gated opening is

extremely promiscuous unlike the classical ligand-gated

ones. Regarding the voltage-gated nature discussed in the

review (Holzer, 2008), increasing the temperature or the

effect of capsaicin results in enhanced proportion of open

channels as a function of voltage, but single-channel open

probability elicited by resiniferatoxin is not voltage depen-

dent (Raisinghani et al. 2005), and highly hyperpolarized

TRPV1-transfected yeast cells were robustly activated by

noxious heat or capsaicin (Myers et al. 2008). These unique

features of the gating characteristics may be related to the

physiological function of TRPV1, being one of the key ion

channels that generates graded receptor potential at the

nociceptive endings to reach a critical level of depolarization

for propagation action potentials triggered by true voltage-

gated ion channels.

The membrane topology and domain structure of TRPV1

on Figure 1 is different from that depicted in earlier reviews,

as crystal structure identification of the cytosolic N chain of

the channel has recently revealed six instead of the predicted

three ankyrin repeats (Lishko et al. 2007). ATP binding to

these domains sensitizes the channel opening, providing the

first example of binding a small molecule to ankyrin repeats.

The C-terminal cytosolic chain by binding the scaffolding

protein A kinase anchoring peptide 79/150 has a pivotal

function for channel sensitization and to induce in this way

hyperalgesia evoked by bradykinin or prostaglandin E2

(Zhang et al. 2008). The possible function of lipid raft

around the ion channel was deduced from structure activity/

affinity relationships of two ‘vanilloid’ agonists as capsaicin

and resiniferatoxin (Szolcsányi, 2002). Without going into

details, published data in this line clearly showed, for

example, that omitting or replacing the 4–OH substitution

at the vanilloid moiety of capsaicin completely abolished its

effect, whereas in the case of the ‘ultrapotent’ resinifera-

toxin, elimination this H-bonding substitution diminished

only slightly its affinity and potency, which were mainly

determined by the keto substitution at the hydrophobic

diterpene skeleton. Thus, it is not surprising that replace-

ment of resiniferatoxin-H3 by capsaicin in binding studies

resulted in false prediction of different receptors for these

agonists. Instead, it has been proposed that the two agonists

open the same TRPV1 channel at partly allosteric binding

sites, and hydrophobic bonds to membrane structures

around the ion channel also have a significant modulatory

function in channel gating (Szolcsányi, 2002). Our recent

in vitro studies by depleting cholesterol with methyl-

b-cyclodextrin seems to support this conclusion, particularly

at the level of nerve endings.

It is important to emphasize that TRPV1 is a nocisensor

and that its gating function has a dedicated significance

at the nerve endings. Differences between intracellular

membrane structures in cell bodies and nerve endings

underline the importance to validate at this level the

fascinating molecular interactions revealed already in

isolated cells. TRPV1 expression in some neurons of the

brain or non-neural cells seems to be at least 30-fold lower

than that in sensory neurons (Caterina, 2007). Further in vivo

studies are needed to determine their functional significance

and their operational features, for example, in the case of

preoptic thermosensors.

Unique feature of TRPV1-expressing subset of primary

afferent neurons is that their peripheral endings subserve a

dual sensory-efferent function. In contrast to the classical

axon reflex theory, it is coupled at the level of the same nerve

endings (Szolcsányi, 1996). As TRPV1 is a cation channel

influx of both Naþ and Caþ þ , well explained this dual

function. Tachykinins and calcitonin gene-related peptides

mediate most of the local tissue responses, such as neuro-

genic inflammation. An unexpected observation in the rat—

that is, antidromic stimulation of the cut peripheral end of

dorsal roots elicited pronounced systemic anti-inflammtory

effect—resulted in the discovery that somatostatin released

from a subset of capsaicin-sensitive endings reaches the

circulation and elicits systemic anti-inflammatory and

antihyperalgesic effects. TRPV1-expressing nerve terminals

stimulated at a low frequency of 0.1 Hz—the firing rate

of polymodal nociceptive afferents that is not painful in

humans—elicit cutaneous hyperaemia and systemic ‘senso-

crine’ anti-inflammatory effects (Szolcsányi et al. 1998,

2004).

Although multiple functions of sensory neurons supplied

by TRPV1 and the existence of various further TRPV1-

expressing cells might interfere with its nocisensor function,

the fact that TRPV1 gene-deleted mice show no evidence for

serious impairment in physiological regulations, behaviour

and lifespan indicates that the development of TRPV1

antagonists is still a promising but challenging task.
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Figure 1 Predicted domain structure of TRPV1 in the plasma
membrane.

Commentary
J Szolcsányi 1143
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