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Abstract

Background - “Atopic cough” is a new
clinical entity that presents with isolated
chronic bronchodilator-resistant cough
accepted in the Japanese Respiratory

Results - The cough threshold mea-
sured after four weeks of treatment with
suplatast tosilate was significantly in-
creased compared to the value obtained
Society Guidelines for Management of with placebo, along with a decrease of the
Cough. The essential features are eosino- serum IgE level and peripheral eosinophil
philic tracheobronchitis, increased cough count.

reflex sensitivity and an atopic constitu-
tion. It has been suggested that activated
helper T lymphocytes and the cytokines
which are produced by these cells are in-
volved in the pathogenesis, but the rela-
tionship between helper T cell-derived
cytokines and the airway cough reflex
sensitivity remains unknown.

Methods - The effect of an orally active
Th2 cytokine inhibitor, suplatast tosilate
(CAS 94055-76-2, IPD™; 300 mg/day), on
the cough response to inhaled capsaicin
(CAS 404-86-4) was examined in ten pa-
tients with atopic cough. The capsaicin
cough threshold, defined as the lowest
concentration of capsaicin eliciting five
or more coughs, was measured as an in-
dex of airway cough reflex sensitivity. The
serum total immunoglobulin E (IgE) level
and the peripheral blood eosinophil
count were also determined after treat-
ment with suplatast tosilate.

Conclusions — Th2 cytokines may in-
crease the airway cough reflex sensitivity
in patients with atopic cough. Oral ad-
ministration of suplatast tosilate may be
a novel therapy for atopic cough.
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1. Introduction

Cough is one of the most common presenting symptoms
in general practice or the respiratory clinic, and it can
interfere with sleep, work, and social activities. Because
cough can adversely affect the quality of life, it is impor-
tant to investigate the mechanisms and factors involved
in the airway cough reflex so as to develop specific ther-
apy. Recent studies have focused on the clinical impor-
tance of eosinophilic bronchitis because it is one of the
common causes of chronic cough [1-3].

Atopic cough is a new clinical entity that we have
proposed as a cause of bronchodilator-resistant cough
associated with generalized atopy, and has been adopt-
ed in the Japanese Respiratory Society Guidelines for
Management of Cough. The essential features are eo-
sinophilic tracheobronchitis, increased cough reflex
sensitivity and an atopic constitution. [4-8]. We have
demonstrated the clinical importance of atopic cough
because it was identified in 58.3 % of patients with iso-
lated chronic non-productive cough referred to respira-
tory specialists [8]. The pathological characteristics of
atopic cough include eosinophilic tracheobronchitis
without eosinophilia in bronchoalveolar lavage (BAL),
and the physiological characteristics include hypersen-
sitivity of the cough reflex without bronchial hyperreac-
tivity (BHR) [4-8]. Though nearly 60 % of patients with
atopic cough are successfully treated with histamine H;
antagonists, others require additional treatment includ-
ing corticosteroids because they have more intensive
submucosal eosinophilic inflammation of the bronchi
[9-11]. Since a recent study demonstrated that the CD4+
T cell population in the peripheral blood of patients
with atopic cough has a prominent shift to a Th2 phe-
notype compared with the cells of normal subjects [12],
it seems to be a rational therapy to shift the Th1/Th2
balance from Th2 to Th1 dominance.

Suplatast tosilate ((+)-[2-[4-(3-ethoxy-2-hydroxy-
propoxy) phenylcarboxylethyl] dimethylsulfonium p-
toluenesulfonate, CAS 94055-76-2, IPD™)D is a novel
antiallergic agent that acts as an Th1/Th2 balance
modulator and thus has an immuno-regulatory effect
[13] by inhibiting immunoglobulin E (IgE) production
and degranulation of basophils and mast cells in-
duced by IgE, and by suppressing the production of
IL-4 and IL-5 by Th2 cells [13-16]. We have shown that
Th2-derived cytokines are possible modulators that
augment the airway cough reflex sensitivity in atopic
asthmatics, but not in non-atopic asthmatics or bron-
chitis patients [17]. These findings suggest that su-
platast tosilate might be useful for the treatment of
atopic cough. The present study investigated the in-
hibitory effect of suplatast tosilate on the cough reflex
sensitivity to inhaled capsaicin in patients with atopic
cough.

D Taiho Pharmaceutical Co., Ltd., Tokyo (Japan).
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2. Subjects and methods
2.1 Subjects

Ten patients who had atopic cough (2 males and 8 females)
with a mean age of 44.2 + 5.0 (+ SEM) (range 28-71) years par-
ticipated in this study. All of the patients were lifetime non-
smokers or ex-smokers with no history of viral infection for at
least 4 weeks prior to the study. Their characteristics are shown
in Table 1. They had been receiving histamine H; antagonist or
corticosteroid inhalation therapy. Informed consent was ob-
tained from all subjects and the study was approved by the Eth-
ics Committee of our hospital.

The diagnosis of atopic cough was made according to the
following criteria proposed by the Japanese Cough Research
Society:

1. Non-productive cough lasting for more than 8 weeks without
wheezing or dyspnea.

2. The presence of one or more findings indicative of an atopic
constitution, including a past history and/or complication of
allergic diseases excluding asthma, peripheral blood eosino-
philia (6 % or 400 cells/pl), a raised total serum IgE level (200
IU/ml), positive for specific IgE antibody to aeroallergens,
and a positive allergen skin test and/or sputum eosinophilia
(2.5%).

3. No bronchial reversibility, defined as less than a 10 % increase
of the forced expiratory volume in 1 second (FEV)) after inha-
lation of 300 pg of salbutamol sulfate.

4. Bronchial responsiveness within normal limits (provocative
concentration of methacholine causing a 20% fall in FEV,;
(PCyp) more than 10 mg/ml).

5. Increased cough reflex sensitivity (capsaicin concentration
eliciting 5 or more coughs (Cs) 3.9 pmol/L or less).

6. Cough resistant to bronchodilator therapy (oral clenbuterol
at 40 pg/day plus inhaled procaterol or salbutamol at bed-
time and on demand for at least 1 week).

7. No abnormal findings that could cause cough on chest radio-
graphs.

8. Normal FEV1 (80% of predicted value), forced vital capacity
(FVC) (80% of predicted value), and FEV1/FVC ratio (70 %).

When all these criteria were satisfied, a definite diagnosis of
atopic cough was made.

Pulmonary function, cough reflex sensitivity, bronchial re-
versibility, and bronchial responsiveness were measured in that
order within 1 month of the first visit (Table 1). The FVC, FEV1,
and flow-volume curve were measured using a dry wedge
spirometer (Chestac 11, Chest Co Ltd., Tokyo, Japan). Spirome-

Abbreviations

ACCP = American College of Chest Physicians
ATS = American Thoracic Society

BAL = bronchoalveolar lavage

BHR = bronchial hyperreactivity

FEV1 = forced expiratory volume in one second
FVC = forced vital capacity

GSEM = geometric standard error of the mean
IgE = immunoglobulin E

IL = interleukin

PEF = peak expiratory flow

RIST = radioimmunosorbent test

Arzneimittel-Forschung (Drug Research) 2008;58(6):297-302

Heruntergeladen von: IP-Proxy University of Copenhagen, Danish National Library, Koebenhavns Universitetsbibliotek. Urheberrechtlich geschiitzt.



Antiallergic Drugs - Antiasthmatics - Antitussives - Bronchodilators - Bronchosecretogogues - Mucolytics

Table 1: Clinical caracteristics of patients.

. . Total IgE . . - Complication Bronchial
Ifjltrlﬁ)rgr I(\gr? Sex H(ilngll)lt in serum EOS(I ?;%hlls ?)Ir)esill'frllct{egslg of allergic 1:('5120;1;151;21 reversibility Treatment
Y (IU/ml) disease 8 (%)

1 41 M 163 470 372 HD, Alternaria - > 40 0.6 Azelastine
2 28 F 152 438 74 Ceder - 20 0.4 Azelastine
3 24 F 158 205 342 Mite, Ceder AR > 40 0.0 BDP 400 mg/day
4 71 F 148 1 150 Cladosporium - > 40 3.8 BDP 400 mg/day
5 28 F 159 418 164 Ceder, Cat - 20 0.02 Azelastine
6 52 F 158 49 ND HD - > 40 0.0 Terfenadine
7 53 F 150 17 64 Penicillium - 10 0.02 BDP 800 mg/day
8 60 M 158 1001 1779 Ceder AR, UR > 40 1.3 Azelastine
9 32 F 159 136 271 HD, Ceder AR 10 0.0 Azelastine

10 53 F 154 2 72 Alternaria - > 40 3.1 Terfenadine

HD, house dust; AR, allergic rhinitis; UR, urticaria; BDP, beclomethasone diproprionate inhalation; ND, not done.
@ PC,,-FEV, shows concentration of inhaled methacholine causing a 20 % fall in FEV,.

try was performed and evaluated according to American Tho-
racic Society (ATS) criteria [18]. PC,, was measured as an index
of nonspecific bronchial responsiveness [19].

All of the patients were treated with histamine H1 receptor
antagonists and/or inhaled corticosteroids (Table 1), but the
therapeutic effect was inadequate and not fully successful.
Therefore, they required additional treatment before starting
this clinical study.

2.2 Assessment of the cough reflex sensitivity
to inhaled capsaicin

Cough reflex sensitivity was measured by the capsaicin provo-
cation test [20]. Capsaicin (CAS 404-86-4, 30.5 mg) was dis-
solved in Tween 80 (1 mL) and ethanol (1 mL), and then was
mixed with physiological saline (8 mL) to make a stock solution
1x 1072 mol/ L) that was stored at —20°C. This solution was di-
luted with physiological saline to make a series of solutions
starting at a concentration of 0.49 pmol/L and doubling to con-
centrations of up to 1,000 pmol/L. Each subject inhaled a con-
trol solution of physiological saline followed by the capsaicin
solutions of progressively increasing concentrations. Solutions
were inhaled from a Bennett Twin nebulizer (3012-60cc, Puri-
tan-Bennett Co., Carlsbad, CA, USA) for 15 s every 60 s by tidal
mouth breathing while wearing a noseclip. Increasing concen-
trations were inhaled until five or more coughs were elicited.
The nebulizer output was 0.21 mL/min. The number of capsai-
cin-induced coughs was counted by a blinded medical techni-
cian at our lung function laboratory and the cough threshold
was defined as the lowest concentration of capsaicin that elic-
ited five or more coughs.

2.3 Study protocol

Medication was stopped at 9:00 p.m. on the previous day to al-
low a washout period of 12 h or more before measurement of
the cough threshold for inhaled capsaicin at 10:00 a.m. on each
test day.

Each patient attended 4 times separated by intervals of 4
weeks, and they were tested at the same time each day. The
control measurement of the capsaicin cough threshold was car-
ried out before starting treatment with the test drugs. The treat-
ment with suplatast tosilate and placebo was done in a ran-
domized, cross-over, single blinded fashion. A suplatast tosilate
tablet (100 mg) was taken orally three times a day for 4 weeks at
8.00 a.m. on the particular test days. The dose tested in this
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study was the dose recommended for asthma control, based on
Phase II and III studies in patients with bronchial asthma. FEV;
was measured before capsaicin challenge to assess the effect of
the two treatment regimens on the bronchial tree. Blood sam-
ples were collected after suplatast tosilate treatment to measure
the leukocyte count and the total serum IgE level by a radioim-
munosorbent test (RIST, Pharmacia, Uppsala, Sweden). Serum
transaminases, lactic dehydrogenase, alkaline phosphatase,
v-glutamyltranspeptidase, leucine amoinopeptidase, total bili-
rubin, blood urea, serum creatinine, and serum uric acid were
also measured to detect adverse reactions caused by suplatast
tosilate.

2.4 Data analysis

Capsaicin cough threshold values were expressed as the geo-
metric mean with the geometric standard error of the mean
(GSEM). The values of FVC, FEV1, peripheral blood eosinophil
count, and total serum IgE level were shown as the arithmetic
mean + standard error of the mean (SEM). The cough threshold
and FEV1 were compared between any pair of the three treat-
ment regimens (control, placebo, and suplatast tosilate) by the
Wilcoxon signed-ranks test. To assess the changes of the cough
threshold induced by suplatast tosilate and placebo relative to
the control value, the ratio of the cough threshold with suplatast
tosilate or placebo to the control cough threshold was com-
pared by the Wilcoxon signed-ranks test. A p value less than
0.05 was taken as significant.

3. Results

The geometric mean cough threshold values for the re-
sponse to inhaled capsaicin obtained before treatment,
after treatment with suplatast tosilate, and after placebo
therapy are shown in Table 2. The cough threshold mea-
sured after suplatast tosilate treatment was significantly
increased compared with that after placebo treatment (p
< 0.05). In contrast, FVC or FEV1 value was not signifi-
cantly different between the control and other treatment
regimens.

Fig. 1 and 2, respectively, show the changes of the pe-
ripheral eosinophil count and serum total IgE level due
to treatment with suplatast tosilate. There was a signifi-
cant decrease (p < 0.05 and p < 0.02, respectively) of the
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Fig. 1: Changes of the peripheral blood eosinophil count from
the control value with suplatast tosilate treatment in patients
with atopic cough. Closed circles and open circles represent
patients receiving inhaled steroid therapy and patients with-
out steroid therapy, respectively.
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Fig. 2: Changes of the total serum IgE level from the control
value with suplatast tosilate treatment in patients with atopic
cough. Closed circles and open circles represent patients re-
ceiving inhaled steroid therapy and patients without steroid
therapy, respectively.

peripheral blood eosinophil count and the serum IgE
level after suplatast tosilate treatment.

Changes of the cough threshold due to treatment
with suplatast tosilate or placebo in relation to the con-

Table 2: Pulmonary function and capsaicin cough threshold
on suplatast tosilate and placebo treatments in patients with
atopic cough.

Suplatast

Control Placebo a
tosilate

FVC as % pred (%) 104.4 £4.1 99.8+4.2 | 103.6 £3.4
FVC, as % pred (%) 103.6 £4.9 | 101.0+4.2 | 1049 +4.6
Cough threshold (umol/L) | 2.44 (1.4) 3.96 (1.6) 5.42 (1.4)*

Data are shown as standard error of the mean for FVC and FEV, and
as geometric mean value (geometric standard error of the mean) for
capsaicin cough threshold. * p < 0.05 compared with placebo treat-
ment (Wilcoxon signed-rank test).
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Fig. 3: Changes of the capsaicin cough threshold from the
control value with suplatast tosilate or placebo treatment in
patients with atopic cough. Closed circles and open circles
represent patients receiving inhaled steroid therapy and pa-
tients without steroid therapy, respectively. # Log 2 (capsaicin
cough threshold with each treatment / control capsaicin
cough threshold).

trol threshold are shown in Fig. 3. The change achieved
with suplatast tosilate treatment was significantly (p <
0.05) greater than that due to placebo treatment.

Adverse reactions or laboratory abnormalities were
not detected during the present study.

4, Discussion

The present study showed that four weeks of treatment
with a novel Th, cytokine inhibitor, suplatast tosilate, in-
creased the threshold for induction of cough by inhaled
capsaicin in patients with atopic cough, who had been
resistant to the previous treatment with histamine H;
antagonists and/or corticosteroid inhalation therapy.
Suplatast tosilate also decreased the peripheral blood
eosinophil count and the serum IgE level, indicating that
this drug inhibited Th, cytokine production but did not
alter lung function. These findings suggest that Th,-de-
rived cytokines, such as interleukin (IL)-4 and IL-5, may
augment airway cough reflex sensitivity in patients with
atopic cough.

Chronic persistent non-productive cough is patho-
logic and troublesome, whereas productive cough is
physiologic and acts to remove abnormal secretions
and foreign bodies from the lower respiratory tract [21,
22]. We have proposed that bronchodilator-resistant
non-productive cough associated with generalized ato-
py can be classed as “atopic cough”, which is accepted
as a new clinical entity in the Japanese Respiratory Soci-
ety Guidelines for Management of Cough. [4-8]. It is im-
portant to clarify the etiology of atopic cough in order
to develop specific treatment, because the prevalence
of atopic cough was 56.6% among patients who were
referred to our chest and allergy clinic for the diagnosis
and treatment of chronic non-productive cough [9].
Our subsequent study showed that the pathological
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characteristics of atopic cough included tracheobron-
chitis without bronchoalveolar lavage (BAL) eosinophil-
ia, and the physiological characteristics included hyper-
sensitivity of the cough reflex without bronchial hyper-
reactivity (BHR) [5]. Patients with atopic cough have
chronic non-productive cough as the only symptom,
associated with eosinophilia of the nebulized hyperton-
ic saline-induced sputum but normal spirometry find-
ings and no variability of peak expiratory flow (PEF)
[4-10]. These features of atopic cough are distinct from
those of typical asthma. Cough-variant asthma appears
to be similar to atopic cough since its only symptom is
chronic non-productive cough, but these patients have
mild BHR and eosinophilic inflammation of the central
and peripheral airways, and their cough is responsive to
bronchodilator treatment. We have also suggested that
cough-variant asthma is a precursor of typical asthma,
while atopic cough is not, because nearly 30% of pa-
tients with cough-variant asthma eventually develop
typical asthma but patients with atopic cough do not
[6]. Therefore, atopic cough also differs from cough-
variant asthma with respect to the long-term prognosis.
Although clinical [23] and experimental [24] studies
have established that histamine H; antagonists are ef-
fective as a specific therapy for atopic cough, the under-
lying mechanism of action remains obscure. Shioya and
colleagues [10] detected an antitussive effect of a hista-
mine H,-receptor antagonist in patients with atopic
cough and suggested that the mechanism might be re-
lated to inhibition of airway C-fibers that prevented the
release of substance P [10]. Indeed, nearly 60% of pa-
tients with atopic cough can be successfully treated
with histamine H;-receptor antagonists [9], but others
still require corticosteroid therapy [9]. We performed
bronchoscopic biopsy in patients with atopic cough
and found more eosinophils in the bronchial submu-
cosa of patients in whom histamine H;-receptor antag-
onists failed to relieve the cough (severe atopic cough)
compared with those whose cough was suppressed by
H;-receptor antagonists (mild atopic cough) [11], indi-
cating that bronchial eosinophilic inflammation is more
severe in the H;-receptor antagonist-resistant group.

Recently, it has been postulated that Th, cytokines
(such as IL-4, IL-5, and IL-13) play an important role in
the inflammatory process of allergic diseases [25]. Shi-
rai and colleagues [12] demonstrated that the periph-
eral blood CD4+ T cell population in patients with
atopic cough showed a prominent shift towards the Th,
phenotype compared with that in normal subjects.
Therefore, Th, inhibition may be a rational therapy for
atopic cough.

Suplatast tosilate is a novel antiallergic agent, which
modulates the Th1/Th2 balance, and thus has an im-
muno-regulatory effect [13] by inhibiting IgE produc-
tion and degranulation of basophils or mast cells in-
duced by IgE, as well as suppressing IL-4 and IL-5 pro-
duction by Th, cells [13]. Since the importance of Th,
inhibition in asthma patients has been shown by sev-
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eral studies [14-16], we previously examined the effect
of suplatast tosilate on asthmatic and bronchitic air-
ways, and revealed that Th, cytokines may possibly
augment the airway cough reflex sensitivity in atopic
asthmatics, but not in non-atopic asthmatics or bron-
chitis patients [17]. Based on the assumption that Th,
cytokines might also increase cough reflex sensitivity in
patients with atopic cough, we carried out the present
clinical trial. Although the number of subjects was
small, the results obtained in this study clearly indicate
that Th, cytokines may also augment airway cough re-
flex sensitivity in patients with atopic cough whose
symptoms are not completely relieved by histamine H;
antagonists and/or inhaled corticosteroids.

Problems exist in relation to the clinical entity of eo-
sinophilic bronchitis without asthma [1-3], since it
seems to resemble to atopic cough [6, 26-28]. Indeed
the clinical entity “atopic cough” has been recognized in
the Japanese Respiratory Society guidelines [8] and also
referred in the American College of Chest Physicians
(ACCP) Clinical Practice Guidelines [9], but further in-
vestigations are required to elucidate the relationship
between atopic cough and eosinophilic bronchitis be-
cause there seems to be a considerable overlap of these
two clinical entities [6, 26-29]. Recently, Brightling et al.
[30] reported that Th, cytokines may play a role in the
development of airway inflammation in eosinophilic
bronchitis. Taken together with the findings described
above, it seems possible that suplatast tosilate may also
be useful for the treatment of eosinophilic bronchitis.

In conclusion, this study suggests that Th, cytokines
may augment the airway cough reflex sensitivity in pa-
tients with atopic cough. Oral administration of su-
platast tosilate is a novel and rational therapy for atopic
cough, but further studies are required to assess the role
of other inflammatory mediators, such as cysteinyl leu-
kotrienes, thromboxane A,, and other prostaglandins.
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