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Endothelin-1 in idiopathic pulmonary fibrosis

M Uguccioni, L Pulsatelli, B Grigolo, A Facchini, L Fasano, C Cinti, M Fabbri,
G Gasbarrini, R Meliconi

Abstract
Aims-To evaluate whether endothelin-1
is involved in the pathology of idiopathic
pulmonary fibrosis (IPF).
Methods-Plasma endothelin-1 concen-
trations were evaluated in 37 patients with
IPF and 27 normal controls by radio-
immunoassay. In addition, expression of
endothelin-1 in lung tissue was evaluated
in biopsy specimens obtained from four
patients with IPF. Three biopsy specimens
ofnormal lung were used as controls. En-
dothelin-1 immunoreactivity was detected
using immunohistochemistry.
Results-Elevated endothelin-l plasma
concentrations were found in patients with
IPF compared with controls and a positive
correlation was found with duration ofdis-
ease. No significant difference was ob-
served between treated and untreated
patients with IPF. Increased endothelin-1
immunoreactivity was found in lungs of
three of four patients with IPF. En-
dothelin-l positive cells consisted mainly
of small vessel endothelial cells. Some
scattered macrophages were also positive.
Conclusions-Elevated plasma concen-
trations and expression of endothelin-
1 in lung tissue are suggestive ofincreased
production of endothelin-1 in at least a
proportion of patients with IPF. Con-
sequently, endothelin-l activity could play
a role in the fibrogenic process of the dis-
ease.
(J7 Clin Pathol 1995;48:330-334)
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Idiopathic pulmonary fibrosis (IPF) is a chronic
inflammatory disease which affects the in-
teralveolar walls of the lung.'2 The two main
characteristics of IPF are inflammation and
fibrosis, present in both the interstitial area of
the interalveolar septa and the intra-alveolar
space. Inflammatory changes consist mainly of
infiltration of macrophages and lymphocytes.
Inflammation is accompanied by increased de-
position of fibrous tissue with consequent dis-
tortion of the parenchymal architecture. These
changes are associated with hyperplasia of
(myo)fibroblasts and of the smooth muscle
fibres.' Inflammatory cells are responsible for
endothelial and alveolar epithelial cell damage
and fibrogenic activity, probably by releasing a
variety of cytokines and other mediators.3
A novel peptide family, the endothelins,4 was

identified recently which, in addition to vaso-
constrictor activity, exerts a potent mitogenic
effect on smooth muscle cells and fibroblasts.5`8

Of these peptides, endothelin- 1 exerts the
greatest effect. Endothelin-1 can be synthesised
by endothelial cells, vascular smooth muscle
cells, airway epithelium, granulocytes, and
macrophages.9 Increased concentrations and
biosynthesis of endothelin- 1 were dem-
onstrated in the lungs of patients with pul-
monary hypertension'0 and in patients with
scleroderma."1 As synthesis of endothelin-1 is
enhanced by cytokines including transforming
growth factor-P (TGF-13), tumour necrosis fac-
tor-ct (TNF-oa) and interleukin-1 (IL-1),'2-`
and hypoxia'5 and as endothelin-1 can induce
fibroblast and smooth muscle cell proliferation,
we evaluated plasma concentrations and the
expression of endothelin-1 in lung tissue in
patients with IPF.

Methods
Plasma was obtained from 37 patients with IPF
(29 men; mean age 61 years, range 36-82
years), 15 of whom were receiving immuno-
suppressive treatment.

Diagnosis of IPF was made on the basis of
clinical, radiological, scintigraphic, physio-
logical, and histological findings.'6 No as-
sociated well defined connective tissue disease
was present in any of the patients. There was
no history of exposure or of sensitivity to drugs
or organic dust. No associated inflammatory
conditions were reported. Disease duration was
between six and 72 months (median 29
months). Dyspnoea, radiological and physio-
logical scores were formulated as reported pre-
viously. '7 67Gallium scanning of lung tissue was
scored as described by Nosal et al. 18 Diffusing
lung CO capacity in a single breath corrected
for alveolar ventilation (DLCOsb/AV per cent
predicted) was scored as described by Watters
et al. 9 Arterial oxygen pressures (PaO2) were
measured both at resting and after exercise.
Patients' lung involvement was globally quan-
tified using a composite clinical, radio-
logical and physiological scoring system (CRP
score).'9
Lung biopsy specimens were available from

four IPF patients. Normal lung specimens were
obtained from three patients who underwent
pneumonectomy for lung cancer: the lung
specimens obtained were not contiguous to the
neoplastic area and were histologically normal.
Plasma was also obtained from 27 elderly blood
donors (mean age 59 years, range 55-65 years;
16 men).
Blood (10 ml) was obtained from each

patient between 0700 and 0900 hours and
centrifuged at 1000 x g at 4°C for 15 minutes.
Plasma samples were stored at -70°C until
analysis. Samples were thawed once just before
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use. Laboratory investigations were performed
by personnel unaware of clinical data.

ENDOTHELIN ASSAY
Plasma samples (1 ml) were acidified with
0 25 ml 2 M HC1, centrifuged at 10 000 x g for
five minutes at room temperature and loaded
on C2 columns (Amprep 500mg RPN 1913,
Amersham, Little Chalfont, UK). The columns
were then washed with water and 01% tri-
fluoroacetic acid (TFA) and then with 80%
acetonitrile in water and 0-1% TFA. The eluant
was collected and dried down with nitrogen.
After reconstitution, 200 X samples were eval-
uated using a radioimmunoassay (Endothelin
1,2-high sensitivity-'25I assay system; Amer-
sham).
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Figure 1 Endothelin-1 plasma concentrations in controls
and patients with IPE Mean and SEM of each group are
also presented.

IMMUNOHISTOCHEMISTRY
Lung biopsy specimens were snap frozen in
liquid nitrogen and stored at -70°C. Serial
cryostat sections, 4 pm thick, were air-dried,
fixed in acetone at 4°C for 10 minutes and
stored at - 70°C until analysis. Endothelin-1
immunoreactivity was tested as follows: the
slides were incubated with 0-3% hydrogen per-
oxide in methanol to block endogenous per-
oxidase, washed in Tris buffered saline (TBS),
pH 7*4, and then incubated overnight at 4°C
with an optimal dilution (1 in 1000) of rabbit
endothelin-I antiserum (CA-08-35 1; Cam-
bridge Research, Norwich, UK). 2022 After
washing, the sections were incubated with per-
oxidase conjugated swine antirabbit im-
munoglobulins for 30 minutes at room
temperature. Reactivity to endothelin-1 was

developed in 0-06% diaminobenzidine in TBS
with 0-03% hydrogen peroxidase for five min-
utes. The slides were then washed in TBS,
stained with haematoxylin for four minutes,
dehydrated in graded alcohols and xylene, and
permanently mounted with coverslips. Endo-
thelin-1 staining was also performed with
alkaline phosphatase conjugated swine anti-
rabbit immunoglobulins. Reactivity was de-
veloped with Fuchsin Substrate solution
(Dako, Glostrup, Denmark) containing leva-
misole. Finally, the slides were washed in
TBS, contrasted with haematoxylin for four
minutes and mounted with coverslips. The
specificity of endothelin-I binding was tested
by adsorption of the optimally diluted anti-
serum with either 10 nmol human endothelin-1
(Cambridge Research) or an unrelated pep-

tide (serum amyloid A protein; Calbiochem,
San Diego, California, USA) overnight at 4°C
before staining.

Grading of endothelin-1 immunoreactivity
was carried out semiquantitatively as follows:
negative (-), focal/weak staining (+), mod-
erate staining (+ +), and strong staining
(+ + +). Grading was performed and in-
dependently agreed upon by three authors.

Various monoclonal antibodies were used in
the indirect peroxidase or the alkaline phos-
phatase-antialkaline phosphatase (APAAP)
methods to identify, in serial sections, the cells
reacting with endothelin-1 antiserum: anti-
CD3 (T lymphocytes), anti-CD68 (macro-
phages), anti-factor VIII (endothelial cells)
(Dako); anticytokeratin 18 (epithelial cells)
(Boehringer Mannheim, Mannheim, Ger-
many); anti-HILA-DR (activated cells) (Becton
Dickinson, San Jose, California, USA).
The Mann-Whitney U test for independent

values and Kendall's coefficient of correlation
(to compare endothelin-1 plasma concen-
trations and parameters of disease severity)
were used for data analysis.

Results
PLASMA ENDOTHELIN-1 CONCENTRATIONS
Patients with IPF had higher plasma en-
dothelin-1 concentrations compared with
controls (patients with IPF, mean+ SEM,
10-14+0-52pg/ml; controls, 7-86+0 65pg/
ml; p<0-01) (fig 1).
No significant differences were observed be-

tween treated and untreated cases of IPF (un-

Endothelin-1 immunostaining in lung tissue ofpatients with IPF and normal controls

Endothelium Epithelium Macrophages

Immunosuppressive Ainuay Type II
Group treatment Smal vessels Arteries epithelium pneumocytes Alveolar Interstitial T lymphocytes

IPF Yes + + + - - - +
IPF No + + + - - - - +
IPF No + + - - - - +
IPF No + - - - - -
Controls No + - - - - - NP
Controls No - - - - - NP
Controls No + + - - NP

Normal lung tissue was obtained from patients with lung cancer who underwent pneumonectomy. Lung tissue specimens used in this assay were not taken from
areas next to the tumour site.
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treated cases, 9-92+0±59pg/ml; treated cases,
10-46 + 0-98 pg/ml). Plasma endothelin-1 con-
centrations were then correlated with the fol-
lowing clinical and laboratory parameters in
patients with IPF: age, sex, disease duration,
dyspnea score, DLCO capacity, resting PaO2,
PaO2 after exercise, vital capacity, radiological
score, physiological score, and global CRP
score. Endothelin-1 concentrations correlated
with disease duration only (p<001).

Figure 2 Endothelin-1 immunoreactivity in lung tissue
from a patient with IPF (peroxidase method).
Immunoreactivity was observed in the endothelial ceUls of
several small vessels (low magnification) and in some
isolated macrophages.
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Figure 3 Endothelin-1 immunoreactivity j
of lung tissue from a patient with IPF (alk
phosphatase method). A: Endothelial cell it
staining with antisenum to factor VIII; B:
epithelial cell identified by staining with a X
antibody to cytokeratin 18; C: endothelin-i
immunoreactivity in the endothelial cells of
(arnows). Other vessels (arrow heads) and
are negative.

ENDOTHELIN-1 IMMUNOREACTIVITY IN LUNG
TISSUE
Endothelin- 1 was expressed in various amounts
in the biopsy specimens examined. Only a few
scattered cells were positive in normal lung
tissue, while an increased percentage ofpositive
cells was present in three of four patients with
IPF (table). Endothelin-1 positive cells were
mainly small vessel endothelial cells and
scattered macrophages (fig 2). Endothelin-1
positive small vessels were found in both in-
flamed and fibrous areas. Endothelin-1 positive
and endothelin-1 negative vessels were often
adjacent to each other. In several, but not all,
endothelin-1 positive vessels staining tended to
diffuse from the lumen into the surrounding
tissue. Endothelin-1 positive endothelial cells
were weakly positive or negative for class II
antigens (HLA-DR). Definite endothelin-1
staining was not found in the endothelium of
muscular pulmonary arteries, alveolar epithelial
cells (type II pneumocytes) (figs 3A, 3B and
3C), or in the airway epithelium, or vascular
smooth muscle cells.

Preincubation of endothelin- 1 with an-
tiserum completely abolished endothelin-1 im-
munostaining in all positive cells. The
specificity of the reaction was confirmed by
the lack of efficacy on preincubation with an
unrelated peptide (serum amyloid A protein).

Discussion
The pathogenesis of IPF is still largely un-
known. Immune mediated mechanisms seem
to play a major role. Infiltration of activated
macrophages, neutrophils and lymphocytes is

A accompanied by the release of a variety of
,* ~ cytokines and mediators which may be re-

sponsible for both cellular damage and fibro-
genic activity. It has already been demonstrated

A that fibrotic lung tissue synthesises increased
amounts offibrogenic cytokines such as TGF-0
and platelet derived growth factor (PDGF). " "

In the present study increased endothelin-1
concentrations were found in plasma and in
the lung tissue of a proportion of patients with
IPF. As endothelin-1 has marked mitogenic
activity on fibroblasts and smooth muscle
cells,5-8" we suggest that endothelin-1 is an

in serial sections additional mediator of fibrogenesis in IPF.
,aline This is the first report ofplasma endothelin-1datvfied by concentrations in IPF. A previous study"
monoclonal reported high endothelin-1 concentrations in
I h patients with scleroderma, particularly in thosethree vessels
epithelial cels with lung involvement (diffuse scleroderma).25

Elevated endothelin- 1 plasma concentrations
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were also found in patients with pulmonary
hypertension26 and in patients with arthritis.27
Our results are partially in keeping with those

of Giaid et al,28 who reported increased en-
dothelin-1 immunostaining and increased de-
tection of endothelin-1 messenger RNA
(mRNA) in lungs of patients with IPF. As
yet, increased expression of endothelin-1 in
pathological specimens was found in epithelial
cells, endothelial cells, or infiltrating
macrophages.'02o"0 Unlike Giaid et al,28 we
found that endothelin-1 immunoreactivity was
virtually confined to small vessel endothelial
cells and absent in type II pneumocytes and
airway epithelium. In our lung specimens endo-
thelin-1 staining often diffused from the endo-
thelial cells into the surrounding tissue. This
feature is in keeping with the finding by
Yoshimoto et alP of a major release of endo-
thelin by cultured endothelial cells towards
the basement membrane and not towards the
lumen, thus confirming the paracrine activity of
the peptide.9 Because of this feature of staining,
epithelial, vascular smooth muscle or neuro-
endocrine cells adjacent to endothelin-l posi-
tive small vessels would also have stained posi-
tivity for endothelin-1. We also observed some
isolated endothelin-I positive tissue macro-
phages; none of the alveolar macrophages were
endothelin-1 positive.
There may be several reasons for the differ-

ences in immunostaining observed in this study
and in that of Giaid et al.28 Firstly, the restricted
number of lung biopsy specimens examined
in the present study. Endothelin-1 expression
could be unevenly distributed in different areas
of the lung or in different zones of the same
area. Therefore, the low/normal endothelin-1
immunoreactivity found in two of our patients
could be because of the sampling procedure.
Secondly, discrepancies in endothelin-I im-
munolocalisation could be because of the tim-
ing of lung biopsy, in either the early or the
late stages of disease. Finally, the antisera used
in the present study and those used by Giaid et
al28 may be different (that is, theymay recognise
different epitopes) and this may explain, at
least in part, the different findings.
What triggers endothelial cells to produce

endothelin-1 in interstitial lung disease? Two
major stimuli may be involved. Firstly, cyto-
kines which can activate endothelial cells may
also stimulate production of endothelin-l-for
example, TNF-a, TGF-1 and IL-1 which are
abundantly synthesised by lung tissue of
patients with IPF.'2-' Secondly, Kourembanos
et al'5 demonstrated that hypoxia induces en-
dothelin gene expression and secretion. Hyp-
oxia is certainly present in the affected zones
in patients with IPF and is caused by a defect
in the transfer of gas, as shown by the changes
in the DLCO capacity. Giaid et al28 found a
close correlation between endothelin-1 ex-
pression and pathological parameters of active
disease, thus suggesting the possibility ofthera-
peutic intervention and favourable prognosis.
Our results cannot confirm this suggestion.
With regard to plasma endothelin-1 con-
centrations we found no difference between
treated and untreated patients and even if the

patients with the longest disease duration had
the highest endothelin-1 concentrations, we
did not find significant correlations with clinical
or laboratory markers of disease severity.

In conclusion, the elevated plasma con-
centrations and expression of endothelin-1 in
lung tissue reported in our study suggest in-
creased production of endothelin- 1 in at least
a proportion of patients with IPF. Endothelin-1
production is probably enhanced by in-
flammatory cytokines and local hypoxia. Con-
sequently, endothelin-1 activity could play a
role in the fibrogenic process of the disease.
An interesting evaluation of the role of en-
dothelin-1 could be carried out by studying the
time course and localisation of endothelin-1
expression in the lungs of animals with ex-
perimental lung fibrosis.
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