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Cough hypersensitivity as a target in drug 
development

There is an urgent need to develop antitussive medications 
which are effective and safe. The size of the problem is hard to 
minimise with an estimated incidence of approximately one in 
ten of the population suffering from a chronic cough and about 
half of these subjects reporting that the cough interferes with 
activities of daily living (1). Recently an international survey 
was undertaken of 10,000 patients presenting to cough clinics 
throughout the world (2). As can be seen in Figure 1 chronic 
cough comes on in the middle age and twice as many women 
as men cough. The smaller numbers of the younger people 
are probably due to the fact that other diagnostic labels such 
as asthma are used. In older people it may be a problem with 
access (3). In each clinic the profile was very similar except in 
China where the population was younger.

The fact that patients present throughout the world with a 
similar demographic profile infers that there may be a single 
disease causing chronic cough. This has been termed the 
cough hypersensitivity syndrome (4). Patients with chronic 
cough often have a very similar clinical history. The question 
is what is the cause of this condition since this may provide us 
with the clues as to the best management strategy? 

The unifying concept is that airway inflammation leads 
to a state which gives rise to chronic cough. The cause of 
this inflammation may be many and varied. Both internal 
and external factors may be responsible for the stimulus 
to inflammation. Infections with both viruses and bacteria 
may be the original cause and secondary factors may then 
continue the inflammatory process. An emerging cause is 
that of non-acid gastro-oesophageal reflux. This is because 
the clinical history that patients give suggests that this is a 
common aetiological mechanism (4,5). However whatever 
the ultimate cause, the concept is that there is a precipitant 
of chronic cough associated inflammation. This then causes a 
pathological process leading to the production of cough. This 
simple paradigm then provides a straightforward explanation 
for what is sometimes regarded as a mysterious symptom (6).

To illustrate this model we have shown the effect of 
reflux on an alveolar macrophage cell line. Red stained cells 
which have ingested the lipid content of the reflux lead to 
changes in the cellular expression of markers. The external 
presentation of these markers then causes the production of 
a variety of cytokines leading to an inflammatory cascade. 
What form the inflammatory cascade takes depends on the 
individual’s genetic predisposition. Thus, in patients who are 
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prone to allergic disease there is a production of cytokines 
of the Th2 family. This gives rise to airway inflammation 
of the asthmatic type which can be variously categorised 
as cough variant asthma, eosinophilic bronchitis, atopic 
asthma or even just severe asthma.

When the person produces a neutrophilic inflammation 
in response to the precipitant then a different set of cytokines 
are responsible. Finally in almost all patients who develop 
a chronic cough there is upregulation of afferent nerves 
probably mediated by cytokines of the nerve growth factor 
(NGF) family. An illustration of this paradigm of airway 
inflammation leading to chronic cough is given in Figure 2.

New drugs working on airway inflammation

If it is accepted that a number of patients, perhaps the 
majority, have non-acid reflux then a simple way of 
inhibiting cough would be to reduce the reflux. Currently 
drugs such as metoclopramide, baclofen, and azithromycin 
are used in the clinic. Derivatives of these agents will 
shortly become available. These include lesogaberan (7), 
novel motility agents, and non-antibiotic macrolides.

A characteristic feature of patients with chronic cough, 
as opposed to classic asthma, is that there appears to be 
little or no bronchoconstriction. This is probably because 
of the different distribution of inflammation to that 
seen in asthma. This was shown by Brightling et al. in a 
classic paper demonstrating the distribution of mast cells 
surrounding bronchial smooth muscle in classical asthma 

whereas in the cough variant asthma mast cells are located 
near afferent nerves (8).

There are a number of new anti-inflammatory agents 
currently in development and clinical trials looking at the 
effects of cytokine antagonists of eosinophilic inflammation 
are in progress. These drugs have mainly been developed 
for asthma. My own experience with omalizumab is that it is 
a very potent agent against eosinophilic cough. The effects 
of the more modern agents such as mepolizumab (9) are 
awaited however their high price is probably going to be a 
barrier to widespread use.

In patients having a neutrophilic response there are 
no existing agents available specifically for this form of 
inflammation. Since this is the commonest type of inflammation 
present in chronic cough the poor record of current treatments 
is explained. Recent work has demonstrated that some 
bronchodilator agents particularly the modern generation of 
long acting anti-muscarinic agents may have a valuable role in 
reducing cough in the neutrophilic bronchitis (10).

Targeting the neuronal hypersensitivity

Blocking the cytokines which lead to the described 
proliferation of airway sensory nerves may be an attractive 
future strategy. Antagonists of NGF have been used 
successfully in clinical trials of pain due to osteoarthritis (11)  
but have yet to be tried in chronic cough. Rather than 
the simple proliferation of the nerves perhaps the most 
important and universal feature of chronic cough is the 
hypersensitivity of airway nerves.

The production of airway hypersensitivity by ACE 
inhibitors is illustrated in Figure 3 (12). This is not airway 
hyperresponsiveness with increase in muscle spasm but 
rather an increase in the sensitivity of the airway nerves. 
Here the precipitant is the antihypertensive ACE inhibitor 
captopril which causes a shift to the left in the dose response 
curve to inhaled capsaicin.

One of the most interesting unresolved questions in 
chronic cough is where in the does this hypersensitivity 
reside? One suggestion is that it could be at the nerve 
terminals in the form of an up-regulation of nociceptors. 
Alternatively a more central location would be responsible 
for the hypersensitivity.

The mechanism of whereby sensory nerves detect changes 
in the external environment is through specific receptors 
often of the TRP channel family. The TRP channels 
of interest in cough are mainly temperature receptors 
which responded to a variety of different agonists (13).  

Figure 1 The age and sex distribution of the patients with chronic 
cough attending specialist cough clinics from three continents.
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The first to be described as a “cough receptor” was TRPV1, 
which responds to the pungent extract of peppers capsaicin. 
As was demonstrated in Figure 3, it is a potent tussive agent 
in man and naturally inhibition of this receptor was seen as 
a primary target for drug development. Unfortunately the 
TRPV1 antagonist SB-705498 (GSK) whilst highly effective 

Figure 3 Administration of the oral angiotensin-converting 
enzyme (ACE) inhibitor, captopril, and results in a leftward shift 
of the concentration response curve to inhaled capsaicin. Thus 
captopril causes afferent sensory hypersensitivity.

Figure 2 The hypothesised response to inflammation generated by airway reflux. Approximately 10% of patients respond with an allergic 
inflammation giving rise to eosinophilic syndromes. The majority respond with neutrophilic inflammation which is not responsive to 
steroid therapy. Virtually all patients develop neuronal hypersensitivity characterised by irritant receptor up-regulation. NGF, nerve 
growth factor; TRP, transient receptor potential.
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at blocking evoked cough with capsaicin challenge proved 
to have no effect on cough counts in patients with chronic 
cough (14). Unfortunately as with many TRPV1 antagonists 
there was also the negative side effect of a change in core 
body temperature. Other TRPV1 antagonists continue in 
clinical development, however this negative result in a well 
performed study has caused drug development by some 
companies to be abandoned. Clinical trials with TRPA1 
antagonists are ongoing and results are awaited with great 
interest. The fact that agents such as GRC 17536 are capable 
of inhibiting induced cough in animal models does not 
predict efficacy in the clinic. Similar efficacy was seen with 
the neurokinin antagonists and here again drug development 
has been abandoned because of the lack of efficacy in the 
clinic.

Other members of the TRP family such as TRPM8 or 
the cold menthol receptor appears to have its action by 
inhibiting cough rather than to provoke. In studies it has 
been demonstrated that it is mainly afferents within the 
nose which are responsible for the antitussive activity of 
menthol (15). Thus nasal application of menthol and its 
derivatives or even the use of herbal remedies may be a 
novel route for the development of potent antitussives.

An alternative site of action of the antitussives on the 
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airway hypersensitivity is through more central pathways, 
blocking neuronal traffic either by effects on the axon or 
on the nerve terminals. Recently we have completed a large 
randomised controlled clinical trial, the first of its type in 
chronic cough, using the drug theobromine. Theobromine 
has been demonstrated to act through inhibition of 
neurotransmission sensory fibres (16). Preliminary results 
suggest a modest suppression of cough in patients attending 
the cough clinic.

A further agent that has activity on the peripheral 
nerves is thalidomide. Thalidomide has now been shown 
to suppress cough in patients with idiopathic pulmonary 
fibrosis in two studies (17). The primary outcome was 
to subjectively assess cough which was, in some patients, 
dramatically reduced. The side effect profile was the main 
obstacle to continue the treatment.

Finally and perhaps of most interest almost complete 
abolition of excessive coughing was demonstrated in a pilot 
study. A late breaking abstract by Abdulqawi et al. at the 
recent ERS meeting in Barcelona showed that the antagonist 
of the P2X3 receptor AF 219 had a dramatic effect on 
objective cough counts in patients with chronic cough (18). 
The receptor is located on afferent sensory neurones and 
is normally stimulated by adenosine triphosphate (ATP), 
possibly released by inflammation. The study was done over 
two weeks in patients with long-standing chronic cough 
and the most dramatic reduction in cough was seen. These 
findings suggest that modulation of this ATP channels may 
be a major mechanism of hypersensitivity in man.
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