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COMMENTARY

Re-sensitization of neuropeptide receptors: should
we stop the recycling?

Julie Elizabeth Keeble

Centre for Integrative Biomedicine, Pharmaceutical Science Research Division, King’s College London, London, UK

Neurogenic inflammation, an important component of many disease states, is mediated by the release of neuropeptides from
sensory nerves. To date, it has been possible to inhibit neurogenic inflammation using neuropeptide receptor blockers or by
prevention of neuropeptide release. In the current edition of the British Journal of Pharmacology, Cattaruzza and co-workers
discuss a novel way of blocking the action of neuropeptides. They have shown that the re-sensitization of the substance P
neurokinin-1 receptor and the substance P-induced pro-inflammatory effects are mediated by the enzyme, endothelin-
converting enzyme 1 (ECE-1). Therein, they showed that ECE-1 inhibition could prevent the re-sensitization process. This is
exciting progress in our understanding of neurogenic inflammation, but it remains to be seen how inhibition of receptor

recycling via ECE-1 blockade will affect other inflammatory pathways.
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Neurogenic inflammation is defined as the oedema forma-
tion, increased blood flow and inflammatory cell recruitment
observed after stimulation of sensory nerves (A8- and C-fibres)
and release of neuropeptides, most importantly substance P
and calcitonin gene-related peptide (CGRP). Substance P is a
potent mediator of increased microvascular permeability
through its action on post-capillary endothelial cells
(Lembeck and Starke, 1963). In addition, substance P has an
effect on neutrophil accumulation (Cao et al., 2000). CGRP,
on the other hand, mediates an increase in blood flow within
the microvasculature (Brain et al., 1985). The effects of these
neuropeptides can essentially be blocked in one of three ways:
blockade of their receptor target, prevention of their release
from sensory nerves or preventing the re-sensitization of their
receptors after desensitization, as shown by Cattaruzza et al.
(2009) in this issue of the British Journal of Pharmacology.
Cattaruzza etal. concentrate in particular on the
re-sensitization to the inflammatory effects of substance P.
Substance P exerts its effects principally through an action
on the neurokinin-1 (NK,) receptor and this receptor has,
for many years, been pursued as a potential target for
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inflammatory disease. However, in spite of promising pre-
clinical studies, NK; receptor antagonists/blockers have not
found a successful niche in the clinic. Interestingly, Grant
et al. (2002) found that capsaicin-induced increases in blood
flow are actually enhanced in the ears of NK; receptor knock-
out mice compared with wild-type controls. The actions of
both NK; and CGRP receptors are required to prevent this
augmentation. This is one indication that it may be more
effective to block the effects of multiple, rather than single
neuropeptides.

Indeed, the blockade of all neuropeptide release from
nerves has already been addressed pharmacologically by tar-
geting the transient receptor potential vanilloid 1 (TRPV1)
receptor. The TRPV1 receptor is expressed on a subset of Ad-
and C-fibres and is activated by a variety of stimuli, including
capsaicin (the pungent component of hot chilli peppers),
noxious heat (>43°C; Caterina et al., 2000) and low pH (<6.0
at room temperature; Jordt et al., 2000). This receptor has
been shown to play a significant role in the pain and inflam-
mation associated with a variety of disease states. For
example, mice genetically modified to lack the TRPV1 recep-
tor demonstrated an increased threshold to noxious heat, a
reduction in pathological biomarkers (e.g. cytokines) and
decreased tissue swelling in a model of murine joint inflam-
mation (Caterina et al., 2000; Keeble et al., 2005). Several
TRPV1 receptor antagonists have now been developed and
their clinical success has been widely anticipated. Unfortu-
nately, adverse effects in humans are hindering their progress.
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More specifically, these drugs cause hyperthermia in humans
that is even observed with drugs that do not cross the blood-
brain barrier (Tamayo et al., 2008).

Until recently, we have only understood how to target the
neuropeptide receptors and their release, in pharmacological
terms. However, in this issue of the British Journal of Pharma-
cology, Cattaruzza et al. present novel findings regarding the
mechanisms underlying the re-sensitization of the substance
P receptor and concomitant neurogenic inflammation. In
summary, they found that a peptidase, unrelated to substance
P, the endothelin-converting enzyme 1 (ECE-1), promotes the
recycling and re-sensitization of NK; receptors, by degrad-
ing endocytosed substance P in endothelial cell endosomes.
This intracellular degradation facilitated the re-appearance
of the pro-inflammatory effects of substance P, that is,
re-sensitization to substance P. Previous findings have shown
that CGRP and somatostatin receptor recycling are also pro-
moted by ECE-1 (Padilla et al., 2007; Roosterman et al., 2008),
demonstrating that inhibition of ECE-1 can target several
neuropeptides. What is particularly intriguing about the find-
ings of Cattaruzza ef al. is that they could indicate that path-
ways for re-sensitizing neuropeptide receptors differ between
tissue types. For example, ECE-1 is most abundant in endot-
helial cells and so inhibition of ECE-1 may not affect the
re-sensitization of these receptors in the spinal cord, for
example. In the future, it will be very interesting to see which
enzymes/pathways are responsible for re-sensitization of neu-
ropeptide receptors in different tissues and how this will affect
specific disease states.

However, the biggest potential disadvantage of ECE-1 as a
therapeutic target is its lack of specificity in terms of the
peptides metabolized. Of course, ECE-1 is pivotal to the pro-
duction of endothelin-1 (ET-1), but it is also involved in the
degradation of bradykinin and amyloid-beta peptides (Nali-
vaeva et al., 2008). Inhibition of ET-1 production is a promising
target for the treatment of cardiovascular disease in its own
right, but there is concern regarding teratogenic effects (Kirkby
et al., 2008). Furthermore, inhibition of bradykinin accumula-
tion could lead to enhanced oedematous effects of this impor-
tant pro-inflammatory mediator (Jandeleit-Dahm, 2006).
Finally, there has been a recent interest in ECE-1 as a potential
target for the treatment of Alzheimer’s disease based on its role
in amyloid-beta peptide degradation (Nalivaeva et al., 2008).
Inhibition of ECE-1 could therefore deleteriously affect the
progression of this degenerative disease. Thus, in conclusion,
the paper by Cattaruzza et al. is an exciting step in our under-
standing of neurogenic inflammation, but there are clearly
many reasons to be cautious, when considering whether we
should stop the receptor recycling process altogether.
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