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ABSTRACT: Many patients with cystic fibrosis (CF) have airflow obstruction, with
peribronchial and peribronchiolar fibrosis. Endothelin (ET)-1 is a potent broncho-
constrictor with mitogenic activity for airway smooth muscle. Do the levels of ET-1 in
sputum support the putative role of ET-1 in contributing to airway remodelling with
airflow obstruction in CF?

The levels of ET-1 in plasma, saliva and sputum from 12 adult patients with CF not
in exacerbation (spontaneous sputum), 17 normal control subjects (induced sputum)
and as an additional control population, nine patients with stable chronic obstructive
pulmonary disease (COPD) (seven spontaneous sputum) were measured. Total and
differential sputum cell counts were performed.

Median (1nterquart1]e range) sputum ET-1 level was elevated in CF (77.6 (29.0-
122.8) pg-mL™) compared to normal subjects (6.00 (2.8-14.8) pg-mL™") and COPD
(16.4 (6.8-38.2) pg-mL™), and in COPD compared to normal subJects There was a
slight elevation of plasma ET—] level in CF (5.3 (3.2—-6.0) pg-mL~ ) compared to normal
subjects (3.1 (1.7-4.4) pg-mL~ !y and COPD (3.3 (2.7-4.2) pg-mL” h. Sputum and saliva
ET-1 levels were significantly higher than plasma levels in all groups, suggesting local
production or release in the respiratory tract. Sputum differential cell counts revealed
pronounced neutrophilia in CF and COPD compared to normal subjects.

Sputum endothelin-1 concentrations are elevated in cystic fibrosis sputum compar-
ed to chronic obstructive pulmonary disease, and in cystic fibrosis and chronic
obstructive pulmonary disease compared to normal subjects. The role of endothelin-1
in contributing to airflow obstruction through bronchoconstriction and mitogenesis in
cystic fibrosis needs now to be explored.
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Cystic fibrosis (CF) is characterized by recurrent in-
fection leading to the development of bronchiectasis, and
by peribronchial and peribronchiolar fibrosis leading to
airway remodelling with airflow obstruction. Sputum neu-
trophilia is characteristic. While most patients with CF
will, during the course of their disease, demonstrate a vari-
able degree of reversibility to bronchodilators [1], progres-
sion to fixed airflow obstruction with associated secondary
fibrosis is expected. Cell proliferation rates may be very
high in CF airways [2], although the growth factors which
may be associated with cellular proliferation in CF re-
main to be fully characterized.

Endothelin (ET)-1 is a vasoactive 2 1-amino-acid peptide
which is produced by human bronchial epithelial cells [3].
ET-1 produces prolonged and potent bronchoconstriction
in asthma [4], and has mitogenic properties, with animal
studies indicating a role in the proliferation of cultured
airway smooth muscle cells [5] and airway epithelial cells
[6]. ET-1 also acts as a comitogen with a number of other
growth factors, and induces the expression of pro-inflam-
matory and profibrotic factors including tumour necrosis
factor (TNF)-a. [7] and fibronectin [8].

The objectives of the study were to establish whether
ET-1 could be measured in the sputum of CF patients, to
compare the levels of ET-1 in sputum, saliva and plasma,
and to compare the levels of ET-1 in CF patients, patients
with chronic obstructive pulmonary disease (COPD) (cho-
sen as an additional control group because COPD is also
characterized by sputum neutrophilia) and normal subjects.

Methods
Subjects

Twelve CF patients (seven male, five female) attending
the West of Scotland Adult Cystic Fibrosis Unit were
studied, in comparison with 17 healthy volunteers (10
male, seven female), and nine subjects with COPD (two
male, seven female) (table 1). None of the CF patients or
healthy subjects were smokers. Informed written consent
was obtained from all subjects, and the study was ap-
proved by the West Ethics Committee, West Glasgow
Hospitals University NHS Trust.
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Table 1. — Demographic lung function and pulmonary therapy data from normal volunteers and from patients with cystic

fibrosis or chronic obstructive pulmonary disease (COPD)

Subject Age Sex FEV1 FEV1 Cigarette Pulmonary therapy
No. yIs L % pred pack-yrs

Normal volunteers* (n=17)

Mean 31.8 10M/7F 3.9 99.2 None None

SD 8.8 1.1 11.4

Cystic fibrosis

1 27 F 0.60 20 None Ipr; Pred 20; DNAse
2 28 M 0.74 19 None DNAse

3 22 M 0.99 24 None DNAse

4 16 M 2.30 59 None None

5 16 M 2.64 74 None S; Bud 1200

6 23 F 1.70 54 None None

7 36 M 0.70 21 None S; BDP; 1000; Ox
8 16 F 0.95 38 None Terb

9 17 F 2.05 64 None S; Vol 16

10 18 F 1.50 53 None Terb; Bud 1600; Sm; DNAse
11 21 M 1.05 25 None S; BDP 1000
12 19 M 2.92 79 None Terb

Mean 21.6% TM/5F 1.5% 44"
SD 6.1 0.8 22
COPD

1 58 F 0.65 31 80 S; Sm; BDP 1000
2 64 F 0.53 25 60 S
3 56 F 0.74 30 40 S; Ipr; BDP 1000; Th
4 56 F 0.78 30 45 S; BDP 800

5 57 F 0.64 26 40 S; Sm; BDP 1000
6 67 F 0.83 34 50 S; BDP 800
7 73 M 0.42 16 50 S; Sm; BDP 1000
8 49 F 0.75 33 30 S; BDP 800
9 54 M 0.60 17 60 S; Sm
Mean 59.3" 2M/7F 0.66"" 26.9"" 50.6
SD 7.4 0.1 6.6 14.7

*: summary data only. FEV1: forced expiratory volume in one second; M: male; F: female; Ipr: ipratropium bromide 2 mg daily,
nebulized; Pred: prednisolone daily dose in mg; DNAse: recombinant human DNAse; S: inhaled salbutamol 200 pg p.rn.; Bud:
budesonide daily dose in pg; BDP: beclomethasone dipropionate daily dose in pg; Ox: oxitropium bromide 200 ug t.i.d.; Terb:
terbutaline 0.5 mg p.7n.; Vol: tablet salbutamol daily dose in mg; Sm: salmeterol 100 ug b.i.d.; Th: theophylline 500 mg daily. *: p<0.01

versus normal subjects; *: p<0.01 versus cystic fibrosis patients.

Protocol

The study involved a single visit to the unit for consent
and to obtain the samples of blood, sputum and saliva.
Spontaneous sputum samples were obtained from the CF
patients, and sputum induction using 3% saline was per-
formed on the normal subjects. Spontaneous sputum was
obtained from seven of the COPD subjects and sputum
induction performed on the remaining two.

Laboratory processing

Sputum plugs were selected (minimum 50 mg) to mini-
mize salivary contamination and were split into two; one
half was incubated for 20 min with fresh dithiothreitol
(DTT) (Sigma UK Ltd., Poole, UK) in a balanced salt
solution and used for cell counts, and the other half centri-
fuged (15 min at 16,000 x g), without treatment with DTT,
for ET-1 assay (DTT altered the standard curve of ET-1).
Samples from CF patients were incubated for 10 min with
recombinant deoxyribonuclease (DNAse) (50 pug-mL™;
Genentech Inc., San Francisco, CA, USA) to reduce the
viscosity of the CF sputum, caused by its high deoxyribo-
nucleic acid content (DNAse did not alter the ET-1 stan-
dard curve). Samples were filtered through a 50-um mesh

(R. Cadoch & Sons, London, UK). Differential cell counts
(Giemsa-stained) were expressed after exclusion of squa-
mous cells, which were taken to represent salivary con-
tamination. The numbers of bronchial epithelial cells were
in general very low (<2%), and were excluded from cell
counts. ET-1 was assayed using a radioimmunoassay (RIA)
(Nichols Institute Diagnostics Ltd., San Juan Capistrano,
CA, USA) following extraction using C-18 cartridges
(Sep-pak+; Waters Ltd., Watford, UK), both according to
manufacturers instructions. Assays were performed in du-
plicate and the mean value used for analysis. Recovery was
assessed by spiking samples with ET-1, followed by RIA
as above.

Statistical analysis

Results are expressed as median and interquartile range
unless otherwise specified. Nonparametric statistical analy-
sis was used to compare cell counts and ET-1 concen-
trations, (Mann—Whitney U-test) using a software package
(Minitab Statistical Software; Minitab Inc., State College,
PA, USA) on an Apple Macintosh desktop computer
(Apple Computer Inc., Cupertino, CA, USA). Significance
was accepted at the 95% level.
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Results

Patient demographics

A comparison of demographic factors revealed that the
CF patients were younger than the normal subjects and
COPD patients, and that both CF and COPD patients had
lower baseline spirometry values than normal subjects,
with a mean+tsp forced expiratory volume in one second
(FEV1) of 44.2422, 26.9+6.6, and 98.8+9.66% predicted
respectively (table 1).

Sputum cell counts

Absolute and relative sputum cell counts were expressed
after exclusion of squamous and bronchial epithelial cells
and are summarized in table 2. Absolute and relative
sputum neutrophilia were present in both CF and COPD
patients compared with normal subjects, with neutrophil
counts in CF exceeding those in COPD. There was a
corresponding reduction in relative macrophage numbers
in CF and COPD patients compared with normal subjects.
There was a small but significant increase in eosinophil
counts in COPD patients compared with normal subjects.

Endothelin-1

Assay. The mean recovery of ET-1 from sputum samples
was 68% (n=2) and the coefficient of variation for the
ET-1 assay in sputum was 11.4%. DNAse had no effect
on the ET-1 standard curve.

Plasma and saliva endothelin-1. Levels of ET-1 were ex-
amined in the plasma of all normal subjects and COPD pa-
tients and 10 of the CF patients, and in the saliva from all
COPD patients, 10 CF patients and a subgroup of eight of
the normal subjects. Plasma levels were mildly elevated in
CF compared to normal subjects (median (interqluartile
range) 5.3 (3.2-6.0) versus 3.1 (1.7-4.4) pg-mL™), but
did not reach significance against COPD (3.3 (2.74.2)
pg-mL™"). There was no difference in median (interquar-
tile range) saliva ET-1 levels among CF patients (21.0
(10.9-32.3) pg-mL™"), normal subjects (28.8 (18.3-34.5)
pg-mL™") and COPD patients (20.7 (16.3-42.3) pg-mL™)
although in all groups salivary ET-1 concentration was
greater than plasma ET-1 concentration.
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Fig. 1. — Log sputum endothelin (ET)-1 concentrations in normal
subjects and patients with cystic fibrosis (CF) or chronic obstructive
pulmonary disease (COPD). Vertical bars represent median and inter-
quartile range. *: p<0.05 versus normal subjects; ": p<0.05 versus
COPD patients.

Sputum endothelin-1. Sputum ET-1 was measured in all
subjects, and was markedly elevated in CF patients com-
pared to COPD patients and normal subjects (median
(interquartile range) 77.6 (29.0-122.8) versus 16.4 (6.8—
38.2) and 6.0 (2.8-14.8) pg-mL™" respectively), with an
increase in sputum ET-1 levels in COPD patients com-
pared with normal subjects (fig. 1). No direct correlation
was found between sputum ET-1 concentration and
FEV1 in CF nor between plasma and sputum ET-1 con-
centrations. In CF patients sputum ET-1 levels were
higher than those in saliva, in normal subjects the con-
verse was true and in COPD patients saliva and sputum
levels of ET-1 were not significantly different, reflect-
ing relative differences in sputum ET-1 rather than sa-
liva ET-1.

Discussion

The present study demonstrated for the first time that it
is possible to measure ET-1 levels in the sputum of patients
with CF, and that sputum levels of ET-1 are significantly
elevated in CF patients compared with normal subjects. It
also demonstrated a more modest increase in sputum ET-1

Table 2. — Absolute and relative sputum cell numbers for normal subjects and patients with cystic fibrosis or chronic ob-

structive pulmonary disease (COPD)

Normal subjects

Cystic fibrosis COPD

Absolute cell number x 10°-mL""!

Neutrophil 0.8 (0.3-3.6)
Macrophage 5.8 (1.5-7.3)
Eosinophil 0.0 (0.0-0.0)
Lymphocyte 0.03 (0.0-0.2)
Total 6.9 (2.4-11.3)
Relative cell number %
Neutrophil 19 (6-35)
Macrophage 81 (65-90)
Eosinophil 0 (0-0)
Lymphocyte 2 (0-4)

30.8 (14.7-52.2)%" 9.7 (3.9-16.4)*

2.1 (0.9-6.3) 2.6 (1.0-3.6)
0.0 (0.0-0.7) 0.1 (0.08-0.3)*
0.0 (0.0-0.3) 0.05 (0.0-0.1)

35.2 (16.0-53.6)*" 12.4 (4.9-23.0)
92 (88-95)* 78 (74-80)*
6.5 (5-10)* 21 (18-24)*
0.0 (0-1) 1 (1-2)*

0.0 (0-0.3) 1 (0-1)

Data are presented as median (interquartile range) after exclusion of squamous and bronchial epithelial cells. *: p<0.05 versus normal

subjects; 1 p<0.05 versus COPD patients.
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in COPD patients compared to normal subjects, with
significant overlap between levels in normal subjects and
COPD patients. Plasma ET-1 levels are mildly elevated in
CF patients compared to normal subjects, but much less so
than sputum ET-1 levels. Sputum induction allowed
sputum to be obtained from normal subjects for com-
parison. The CF patient group was sampled during a period
of relative stability of symptoms, but, although they had a
wide range of impairment of lung function (FEV1 19-79%
pred), none had normal lung function, and, as might be
expected from their mean age, they represent a group with
established disease. Similarly, the COPD group had severe
impairment of lung function. Differential cell counts
showed prominent sputum neutrophilia in CF, and similar
but less pronounced neutrophilia in the COPD group.

The presence of ET-1 in sputum and saliva at higher
concentrations than in plasma in all three groups suggests
that ET-1 is produced or released locally within the
respiratory tract, with an increase in production or release
in the lower respiratory tract in CF and, to a lesser extent,
COPD. The factors leading to this increase in ET-1 con-
centration in CF and COPD are not known. ET-1 is present
in the normal lung, and ET-1 immunoreactivity has been
demonstrated in airway epithelia and submucosal glands
throughout the lung [9], as well as in airway smooth
muscle and parasympathetic ganglia in the airways [10].
Release of ET-1 has been described from bronchial epi-
thelial cells [3], neuroendocrine cells and human macro-
phages [11], and although human neutrophils can convert
big ET to ET-1 [12], there is no evidence that neutrophils
can synthesize ET-1 de novo. Increased ET-1 levels have
been described in bronchial biopsy samples [13] and bron-
choalveolar lavage (BAL) fluid [14] in asthma, but not, to
the authors’ knowledge, in BAL fluid, biopsy samples or
sputum in COPD or CF.

Spontaneous sputum was obtained from the CF subjects,
and from seven (of nine) of the COPD group. Normal
subjects do not produce spontaneous sputum, and sputum
induction was therefore performed in these subjects and the
two COPD subjects who could not produce spontaneous
sputum. While it is accepted that spontaneous and induced
sputum are not identical in all respects, and that formal
comparisons of sputum ET-1 levels between spontaneous
and induced sputum have not been reported, it has been
demonstrated that total cell numbers and concentrations of
soluble factors in sputum are in good agreement between
spontaneous and induced sputum [15], with better cell
viability in induced sputum samples. The same study
found increased numbers of squamous cells in sponta-
neous sputum, but this should be minimized by sputum
plug separation to limit salivary contamination. The fact
that sputum ET-1 levels were higher in sputum than saliva
in CF suggests that salivary contamination is not res-
ponsible for the elevated levels of ET-1 in CF sputum.
Sputum samples from CF subjects were treated with
DNAse to facilitate processing of the unusually viscous
sputum produced in CF, and, while DNAse was not used
for samples obtained from normal subjects or COPD
patients, the possibility of an effect of DNAse on the ET-1
assay was investigated and it was found that DNAse did
not alter the standard curve for the assay.

Saliva levels of ET-1 were higher than plasma levels in
all three groups, and, although immunoreactive staining of
ET-1 has been demonstrated in rat parotid gland and

human saliva [16], no physiological explanation for this
has been offered.

ET-1 is a potent bronchoconstrictor in human bronchi
in vitro [17] and it has previously been demonstrated that
inhaled ET-1 has bronchoconstrictor activity in asthma,
with bronchial hyperreactivity to ET-1 in asthmatics com-
pared with normal subjects [4], supporting a putative role
for ET-1 as a mediator in asthma. In CF, bronchial
hyperresponsiveness to methacholine has been demon-
strated in 50-77% of patients [18] and, although the re-
sponse to bronchodilators is less predictable than in
asthma, many patients with CF are treated with bron-
chodilators [1]. Like asthma, COPD is characterized by
airflow obstruction, although, unlike asthma, this is gen-
erally poorly reversible; bronchial hyperreactivity is a less
consistent finding. While the mechanisms of airway nar-
rowing in asthma, COPD and CF may differ, the presence
of a bronchoconstrictor with the potency of ET-1 at
increased concentration in the sputum of patients with CF
and COPD requires further investigation.

The activity of a number of inflammatory and growth
factors has been described in CF lungs. Among other
cytokines, TNF-o and its receptor [19] are elevated in
BAL fluid in CF. In normal lung tissue, TNF-a. increases
the expression of ET-1 in bronchial epithelial cells [20],
and TNF-o release is itself increased by ET-1 [7]. ET-1
has been shown to be mitogenic for airway smooth
muscle by a number of mechanisms both in vitro and in
vivo [21] in animal studies. The precise nature of the
various interactions between growth factors is by no
means clear, and the cellular sources and identity of other
potential mediators of peribronchial fibrosis and airway
remodelling are not known.

The presence of endothelin-1 in increased concentration
in cystic fibrosis airways suggests that further investigation
of'its role in bronchoconstriction and airway remodelling is
justified and potential interactions of endothelin-1 with
other growth factors in cystic fibrosis remain to be
clarified.
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