
Introduction

Systemic sclerosis is an autoimmune disease,
characterized by excessive collagen deposition and
microvasculopathy. Pulmonary involvement includ-
ing ILD has emerged as the leading cause of mor-
bidity and mortality in SSc patients (1). Interstitial

lung involvement was reported up to 90% in autop-
sy series with up to 30% of deaths directly attribut-
able to lung fibrosis (2-4). Although the pathogene-
sis of scleroderma is still unclear, the overproduction
of the extracellular matrix components by fibroblasts
is the hallmark feature of affected tissues. Trans-
forming growth factor -β (TGF-β) plays a crucial
role in tissue fibrosis and has been implicated in the
pathogenesis of SSc. Even though, serum results are
contradictory (5-8), increasedTGF-β levels has been
shown in the bronchoalveolar lavage (BAL) of pa-
tients with SSc–ILD (9). Recent evidences suggest
that Caveolin-1(Cav-1), the main protein compo-
nent of caveolae, participates in the pathogenesis of
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fibrotic diseases through regulation of TGF-β recep-
tor (TβR) degradation and activation (10-14).TGF-
β leads to a decrease in Cav-1 expression of human
lung fibroblasts, whereas, Cav-1 is able to suppress
TGF-β induced extracellular matrix production in
cultured fibroblasts (12). Moreover Cav-1 deficient
mice exhibit several abnormalities including intersti-
tial lung disease, decreased vascular tone, and lipid
abnormalities (15). In human studies, Cav-1 expres-
sion was shown to be decreased in the lung biopsies
of idiopathic pulmonary fibrosis, asthma and SSc
patients (10,12,16,17). Endotelin-1 (ET-1) is a pep-
tide that exhibits potent effects on vascu-
lar/nonvascular smooth muscle cells and plays a role
in SSc pathogenesis by inducing proliferation of en-
dothelial cells and fibroblasts (18). Additionally, re-
cent data suggested that ET-1 not only increase
TGF-β and activate TGF-β signaling but it also ap-
pears that TGF-β induces ET-1 in human lung fi-
broblasts(19). It is also known that Endothelin-1 re-
ceptors (ET-Rs) interact with Cav-1 and co-localize
in caveolae which integrate different receptor and
signaling proteins. Indeed, high levels of ET-1 were
found in serum samples of SSc patients and also in
BAL samples of SSc patients with ILD (20).
Taken together, lung fibrosis is controlled by several
factors including Cav-1, however the utility of mea-
surement of Cav-1 in real life has not been fully eluci-
dated. We have recently showed that composition of
induced sputum reflects the content of BAL fluid in
SSc patients (21). So, we tested the hypothesis that
whether or not Cav-1 could be used as a non-invasive
marker to determine ILD in patients with scleroderma
using serum and sputum samples.To address this issue,
Cav-1 levels were measured in serum and induced spu-
tum samples and associations between TGF-β and
ET-1 levels and clinical features were assessed.

Materials and methods

Subjects

Fifty-five consecutive patients with SSc who were
followed regularly in University of Marmara, Depart-
ment of Rheumatology, were enrolled in this prospec-
tive case-control study. All patients had fulfilled the
criteria for as proposed by LeRoy et al (22). Age and
sex matched 25 patients with asthma were included in

the study as a diseased control group in addition to 16
healthy individuals (HC). All gave written informed
consent. The patients who had active infection, histo-
ry of cancer or less than 18 yrs old were excluded from
the study. The study was approved by the ethics com-
mittee of theMarmara University (MAR 2009-0040).

Clinical data

In particular, demographic and disease-related in-
formation is recorded, including age, gender, ethnicity,
smoking status, disease duration since the onset of the
first non-Raynaud’s symptoms and disease subset (dif-
fuse, limited or sine scleroderma).

Pulmonary function tests (PFT) and lung carbon
monoxide transfer factor (TLCO) were evaluated to
examine the presence and the severity of pulmonary
involvement.The distinction between mild and exten-
sive ILD was made using a FVC value of 70% of the
predicted value as a threshold (23). Patients with SSc
who were smokers or had other respiratory disorders
that could have affected %FVC or %TLCO were ex-
cluded from the study. ILD was defined as the pres-
ence of typical features such as bibasilar interstitial fi-
brosis on a HRCT scan of the chest along with re-
strictive pattern on PFT. Alveolitis-fibrosis index was
assessed by a blinded experienced pulmonologist ac-
cording to “Warrick semiquantitative scoring system”
(24-25). Warrick score is composed of severity score,
ranging from 0 (normal) to 15 (severe), and extension
score, ranging from 0 (normal) to 3 (severe). The two
scores are calculated to find total score (ranging from 0
to 30). We also evaluate alveolitis and fibrosis condi-
tion by using Warrick score. Ground glass opacities
show us alveolitis (ranging from 0 to 4), other parame-
ters (irregular pleural margins, septal/subpleural lines,
honeycombing, subpleural cysts) show us fibrosis
(ranging from 0 to 26). SSc disease severity scores (26)
were recorded as well.

The protocol is approved by the local medical
ethics committee.

Determination of Caveolin-1,TGF-β and Endothelin-1

Serum and induced sputum samples were collect-
ed at the inception. Inception was defined by the first
visit of SSc patient during the study period regardless
of disease duration or by a visit matched for sample
collection in the controls. Induced sputum collection
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was performed using the method described by
Efthimiadis et al (27). After the cytospin centrifuge
procedures at rpm for 5 minutes, prepared slides were
dried in air and were fixed with ethanol and stained
with the Giemsa stain for examination. If cell viability
was lower than 50% or squamous cell contamination
was greater than 20% the sample regarded as of poor
quality and the results were excluded. The super-
natants of the samples with good quality of cell were
collected for ELISA.

Serum samples centrifuged for 15 minutes at
1000g within 30 minutes of collection, then all sam-
ples were stored at -20°C. Cav-1(USCN Life, China),
TGF-β (Invitrogen,USA) and ET-1(Biomedica,Aus-
tria) levels were measured by ELISA technique using
commercial kits following manufactures’ recommen-
dations.

Cav-1 was determined in the serum and sputum
samples by the sandwich ELISA protocol. Briefly, the
microtiter plate has been pre-coated with an antibody
specific to 0.5 µg Cav-1. (USCN life, China). Stan-
dards and samples (serum or sputum) (100 µL) were
added to the well with a biotin-conjugated polyclonal
antibody preparation specific for Cav-1.The plate was
incubated for 2 hours at 37 C.Then, Avidin conjugat-
ed to Horseradish Peroxidase (HRP) (100 µL) was
added to eachmicroplate well and incubated for 1 hour
at 37 C with shaking, the wells were then washed ex-
tensively, and 100 µL tetramethyl benzidine substrate
solution (TMB) was added and the blue color was al-
lowed to develop for 30 minutes. The enzyme-sub-
strate reaction was stopped by adding 50 µL sulphiric
acid solution and the color change was measured by
spectrophotometer at a wavelength of 450 ±2 nm.The
concentration of Cav-1 in the serum and sputum was
then determinated by comparing the O.D. of the sam-
ples to the standard curve.

Statistics

Comparisons between groups were made using
non-parametric Kruskall-Wallis and Mann-Whit-
ney U tests. Bonferroni correction was applied for
multiple comparisons. Data are presented as mean ±
standard deviation (SD). Relationship between two
continuous variables was examined by using Spear-
man correlation test. We evaluated the sensitivity
and specificity of sputum Cav-1 with an ROC
analysis. A two- sided test with p<0.05 was consid-

ered statistically significant. The statistical analysis
was performed using SPSS software, release 13.0
(SPSS;Chicago; IL).

Results

The mean age was 44.5 ±11.5, 44.9±10.1 and
39.8±10.8 years in SSc, asthma patients and HC, re-
spectively. The mean disease duration was 6.6±6.1
years in SSc patients. The baseline characteristics of
the SSc patients are highlighted in table 1.

During the study period, 33(60%) SSc patients
were on immunosuppressive therapy (table 1).
While 45(81.8%) SSc patients had alveolitis or fi-
brosis on HRCT, none of the asthma patients had
ILD findings on radiologic examination. The mean
alveolitis index was 2.79±1.24 and fibrosis index
13.6±7.1, in SSc -ILD.

Caveolin-1,TGF-β and ET-1 levels in serum and spu-
tum samples

Serum and sputum results of the SSc patients
and the controls are shown in table 2. Cav-1 levels
at the inception were lower in serum samples of both

Table 1.Demographic and clinical characteristics of SSc patients

SSc patients
Age (years) median(min-max) 48 (25-72)
Gender (F/M) (n) 52/3
Disease subsets n(%)
Limited SSc 25 (45.4)
Diffuse SSc 29 (52.7)
Sine SSc 1 (1.8)

Disease duration(years) median(min-max) 5 (1-29)
Disease severity score* (mean±SD) 5.4 ± 2.6
Interstitial lung disease n(%) 45 (81.8)
FVC (mean±SD) lt 2.74±0.72
% percent 90.2±19.6

Pulmonary hypertension n(%) 8 (14.5)
Digital ulcer n(%) 22 (40)
Scl 70 antibody positivity n(%) 29 (52.7)
Immunsupressive treatment n(%) 33 (60)
Azathiopurine 23 (41.8)
Cyclophosphamide 5 (9)
Mycophenolate mofetil 5 (9)

ET-1 resep. ant. treatment n(%) 7 (12.7)

*SSc severity scale (21)
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SSc and asthma patients compared to HC (SSc
0.29±0.11 ng/ml, asthma 0.27±0.07 ng/ml vs. HC
0.39±0.1 ng/ml; p<0.01). Cav-1 was found signifi-
cantly lower in the sputum of SSc patients compared
to both control groups (SSc 0.19±0.04 ng/ml vs.
asthma 0.24±0.07 ng/ml, HC 0.29±0.07 ng/ml,
p<0.001) (Figure 1).When we analyzed SSc patients
separately, we did not find significant differences in
the serum Cav-1 levels between diffuse SSc and lim-
ited SSc patients (0.38±0.16 ng/ml vs. 0.28±0.01
ng/ml, p=0.06). Presence of Anti-Scl 70 did not cor-
relate with neither serum nor sputum Cav-1 levels or
the extent of ILD judging by their Warrick scores.

Although no difference was observed either in
the serum TGF-β or the sputum ET-1 levels among

the groups, the mean serum ET-1 measurements was
found significantly higher in the SSc patients com-
pared to controls (p<0.001). Sputum TGF-β mea-
surements were significantly higher in the asthma
patients compared to SSc patients and HC
(p<0.05)(table 2).

Associations with disease subsets

None of the serum and sputum Cav-1, TGF-β,
and ET-1 levels correlated with the disease severity
score, the presence of pulmonary hypertension, and
digital ulcer. Sputum Cav-1 levels were found signif-
icantly lower in SSc-ILD compared to both control
donors and SSc patients without ILD (0.19±0.04 vs.

Fig. 1.A) Serum Caveolin-1 levels of the SSc patients and the controls; B) Sputum Caveolin-1 levels of the SSc patients and the controls

Table 2.Serum and sputum Cav-1,TGF-β and ET-1 levels of SSc, asthma patients and healthy controls.

SSc Asthma HC

Serum
Cav-1(ng/ml) 0.29±0.11 0.27±0.07 0.39±0.10*
TGF-β (pg/ml) 8115±4306 7979±4055 8497±3574
ET-1 (fmol/ml) 3.43±6.05** 0.73±0.53 0.58±0.29

Sputum
Cav-1 (ng/ml) 0.19±0.04*** 0.24±0.07 0.28±0.07
TGF-β (pg/ml) 85.6±85.6 156.8±147.5ᵟ 89.5±83.7
ET-1 (fmol/ml) 0.31±0.14 0.31±0.15 0.25±0.16

ANOVA, p<0.001, Results are presented as mean ± SD
* HC vs. SSc and asthma, ** SSc vs. asthma and HC, *** SSc vs. asthma and HC, ᵟ asthma vs. SSc and HC
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0.29 ±0.07 and 0.25±0.07, respectively, p<0.01). At
the cut-off value less than 0.19 for sputum Cav-1,
the sensitivity and the specificity were 79 % and 61
% for detecting ILD, respectively.The area under the
ROC curve for sputum Cav-1 was 0.73. (95% CI,
0.61 to 0.84, p<0.0001) (figure 2).

The mean forced vital capacity (FVC) was signif-
icantly lower in SSc-ILD patients (2.57±0.67 L vs.
3.47±0.95 L, SSc-ILD vs. non-ILD, respectively,
p<0.02) and the mean alveolitis index was high
(2.7±1.2) in the ILD group. In these patients, sputum
TGF-β levels correlated positively with the alveolitis
index (r= 0.34, p<0.05) and inversely with FVC mea-
surements (r: -0.44, p<0.05). The only association with
ET-1 was found between sputum levels and DL-
CO/VA (r: 0.33, p<0.03).

Discussion

To the best of our knowledge, this is the first
study showing that both the serum and induced spu-
tum Cav-1 levels were found lower in SSc patients.

Evidence linking Cav-1 (the main protein com-
ponent of caveolae) to a fibrotic phenotype, has been
shown in several studies ranging from animal studies
to human diseases such as IPF and SSc (12,28-32).
De Galdo et al showed decreased Cav-1 in the af-
fected lung and skin biopsies in SSc patients (31). In
another study, peripheral blood cells (monocytes and
neutrophils) from SSc patients were examined and
down regulation of leukocyte Cav-1 was found to be
important in lung fibrosis (32). Besides, Cav-1 has
been shown as a new susceptibility gene for SSc with

an OR: 0.80 in a combined population from French-
Italian cohort. (33).

Cav-1 plays a crucial role in the regulation of
TGF-β signaling due to its participation in receptor
internalization. Markedly decreased Cav-1 levels in
the affected lungs and skin of SSc patients suggest
that these lead an abrogated TGF-β stimulation
through the inhibition of Smad 3 activation (30).
Therefore, we hypothesized that, examining induced
sputum -which reflects bronchoalveolar fluid com-
position- (20) levels of Cav-1 and TGF-β might
help in detecting the progression of pulmonary in-
volvement in patients with SSc. In fact, we did ob-
serve significantly lower Cav-1 levels in sputum
specimens in SSc-ILD patients.

Despite the fact that our group is rather small,
sputum Cav-1 levels display a significant value in
detecting lung involvement. However, we did not
find any association of the Cav-1 levels with disease
activation, disease duration or disease subtype. Our
serum Cav-1 results were significantly different than
those that were observed in HC. However, we could
not demonstrate any difference from those with
asthma which is also a disease that could lead to pul-
monary fibrosis in severe cases.

Interestingly, we did not observe significant dif-
ference in the serum TGF-β levels between the
groups. TGF-β is an important molecule that regu-
lates airway remodeling caused by influenced in-
flammation and connective tissue synthesis (34-37).
In one study, down-regulation of Caveolin-1 m-
RNA levels at lung biopsies and augmentation of
TGF-β levels in BAL fluid were shown in acute al-
lergen-induced airway remodeling (34). However,
there are some controversies in terms of serumTGF-
β levels in SSc patients (38-39). In many studies, in-
creased TGF-β levels were found only in the BAL
fluid but not in the serum of SSc (34,40-43). The
sputum levels of TGF-β in SSc patients were not
different than those that were seen in both control
groups. TGF-β also plays a role on airway smooth
muscle cells that may explain why we observed in-
creased sputum TGF-β levels in asthma patients but
we do not know, what an increased TGF-β implies
for the prognosis of asthma. Our study was specifi-
cally not designed to address the pathogenetic roles
of TGF-β, so all explanations could be speculative in
this case. On the other hand, sputum TGF-β levels
correlated positively with the alveolitis index and in-Fig. 2.ROC analysis of sputum Caveolin-1.
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versely with FVC measurements in SSc patients.
FVC is a surrogate measure for the severity of lung
restriction that has been validated as an outcome
measure in randomized trials.These findings may al-
so indirectly support the role of TGF-β in lung fi-
brosis.

We also tested the serum and sputum ET-1 lev-
els due to its role in the pathogenesis of both fibrot-
ic and vascular manifestations in SSc. Although
serum levels were exclusively increased in SSc pa-
tients, we did not find any relation with any features
of SSc .

We also had some limitations; first, in our co-
hort more than half of the SSc patients were on im-
munosuppressives during the study period, therefore
we were not able to exclude potential effects of the
drugs on the results, however, this is the first study
testing Cav-1 as a marker in a cohort of SSc pa-
tients, reflecting the real world practice. Second, ra-
diologic evaluation was made by one blinded pneu-
mologist, therefore the lack of interobserver compar-
isons could decrease the reliability of our Warrick
score calculations.

To summarize, we demonstrate that both the
serum and sputum Cav-1 levels are lower among SSc
patients. However, only decreased sputum Cav-1
levels is associated with ILD in SSc patients, sug-
gesting that Cav-1 plays a role examining the spu-
tum Cav-1 levels may be useful as a non-invasive
marker for pathogenesis of SSc- an increased risk in
ILD. Further analysis in larger cohorts of SSc pa-
tients are needed to definitely rule out define its role
as a marker for lung involvement other system as-
sociations with Cav-1.
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