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Abstract

Recently, it has been reported that lack of cathepsins prevent the develop-
ment of lung granulomas in a mouse model of Besnier-Boeck-Schaumann
(BBS) disease, sarcoidosis. There is no data about cathepsin V (Cath V) in
bronchoalveolar lavage fluid (BALF) in humans. Endostatin is a novel
inhibitor of lung epithelial cells. The role of this protein in BBS is not
determined. The aim of this study was to evaluate the concentration of
endostatin, Cath V, and IL-18 in BALF of BBS patients. We studied
22 BBS patients (Stage 2). The control group consisted of 20 healthy
subjects. Cath V concentration was lower in BBS than in healthy group
(16.03 £ 8.60 vs. 32.25 + 21.90 pg/ml, p = 0.004). Both endostatin and
IL-18 levels were higher in BBS than in the control group (0.88 £ 0.30 vs.
0.29 £ 0.04 ng/ml, p = 0.028; 40.37 £ 31.60 vs. 14.61 £ 1.30 pg/ml,
p = 0.007, respectively). In BBS there were correlations between the
levels of endostatin and IL-18 (r = 0.74, p = 0.001) as well as endostatin
and DLco (diffusing capacity for carbon monoxide) (r = —0.6,
p = 0.013). Receiver-operating characteristic (ROC) curves were applied
to find the cut-off for the BALF levels of Cath V, endostatin, and IL-18.
We conclude that Cath V and endostatin may represent an index of
pulmonary sarcoidosis activity.
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1 Introduction

Sarcoidosis is a disease of an unknown etiology.
It is characterized by a chronic inflammation
with creation of granulomas consisted of
lymphocytes, macrophages, and epithelial cells.
These cells release several chemokines and
cytokines that lead to cellular proliferation. The
cytokine profile of active BBS is characterized
by T helper 1 (Thl) prevalence (Kieszko
et al. 2007). The main cytokine involved in the
polarization of T-cell response is IL-18, an inter-
feron gamma inducing factor (Kieszko
et al. 2007). Remodeling of lung tissues during
the process of granuloma formation requires
restructuring of the extracellular matrix and
cathepsins K, L, and S are among the strongest
extracellular matrix  degrading enzymes
(Samokhin et al. 2011). According to Samokhin
et al. (2011), lack of cathepsin activities alters or
prevents the development of lung granulomas in
a mouse model of Besnier-Boeck-Schaumann
(BBS) disease, sarcoidosis. One of the newly
discovered proteolytic enzymes is cathepsin V
(Cath V). There have so far been no data about
concentrations of Cath V in BALF in humans.

There are many reports about increased
angiogenesis in patients with pulmonary BBS.
Increased angiogenesis-inducing ability of
activated alveolar macrophages has been found
in bronchoalveolar specimens from patients with
pulmonary sarcoidosis (Fireman et al. 2009).
Endostatin, an anti-angiogenic peptide, is a
novel inhibitor of distal lung epithelial cells and
primary type II cells (Richter et al. 2009). This
protein has not yet been investigated in BBS
patients.

The clinical course of the BBS may be differ-
ent; from spontaneous remission to severe and
chronic form. New markers of sarcoidosis are
highly desirable because they can improve the
diagnosis and treatment. In our study we exam-
ined Cath V and endostatin in BALF of BBS
patients. We correlated these proteins with
IL-18, increased in bronchoalveolar lavage
fluid (BALF) in active sarcoidosis (Kieszko
et al. 2007).
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2 Methods

The study was performed in conformity with the
Declaration of Helsinki for Human Experimen-
tation of the World Medical Association and
the protocol was approved by a local Ethics
Committee. Written informed consent was
obtained from all participants.

2.1 Subjects

The study group consisted of 22 BBS patients
(Stage 2, with bilateral hilar lymphadenopathy
and pulmonary infiltrations; F/M — 4/18, mean
age 47 + 9 years) consecutively recruited at the
Department of Lung Diseases, the Medical Uni-
versity of Bialystok, Poland between 2007 and
2011. The diagnosis of BBS was based on clinical
and pathological criteria (Statement on sarcoido-
sis 1999). The control group consisted of
20 healthy volunteers (F/M — 3/17 men; mean
age 49 + 7) without any acute or chronic inflam-
matory conditions. Both patients and healthy
subjects underwent BALF and lung function
tests including spirometry and diffusing capacity
for carbon monoxide (DLco) (Standardization of
Spirometry, 1994 Update; American Thoracic
Society (ATS) 1995). Bronchoscopy and BALF
in all patients was performed as part of a routine
clinical workup. Bronchoalveolar lavage was
made using fiberoptic bronchoscopy (Pentax FB
18 V; Pentax Corporation, Tokyo, Japan) under
local anesthesia with lidocaine, following
premedication with intramuscular atropine and
hydroxyzine as a sedative. The bronchoscope
was wedged in the right middle lobar bronchus
and three 50 ml aliquots of sterile 0.9 % saline
were gently instilled and recovered by suction.
The recovered fluid was collected and stored on
ice and processed within 1 h. Recovered fluid was
sieved through a layer of sterile gauze and
centrifuged at 800 rpm for 10 min at 4 °C. Super-
natant was stored at —70 °C until use. BALF
samples were analyzed for total and differential
cell counts, Cath V, endostatin, and IL-18 levels
detected by Elisa. These results were expressed
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as cells x 10°/ml. The differential cell profile
was made by counting at least 400 cells under a
light microscope  (magnification x 1,000).
Another part of the cell suspension was
incubated with phycoerythrin-labeled anti-CD4
antibody (Becton Dickinson, Mountain View,
CA), and fluorescein isothiocyanate-labeled
anti-CDS8 antibody (Becton Dickinson, Mountain
View, CA) for 20 min, washed twice, and
resuspended for flow cytometry. The stained
cells were analyzed on a flow cytometer (Becton
Dickinson, Mountain View, CA). Lymphocytes
were gated on forward and side scatter, and the
percentages of positively stained cells were
scored to determine the number of CD4 and
CDS cells.

2.2 Concentrations of Cathepsin V,

Endostatin and IL-18 in BALF

Cathepsin V, endostatin, and IL-18 were
analyzed in BALF with quantitative test kits
and concentrations were determined by means
of enzyme-linked immunosorbent assay (ELISA)
method (R&D System, Minneapolis, MN). All
specimens were assayed in duplicates. The mini-
mum detectable levels of Cath V, endostatin, and
IL-18 were 0.95 pg/ml, 0.001 ng/ml, and 10.5 pg/
ml, respectively.

23 Statistical Analysis

Data distribution was checked with the Shapiro
Wilk test. A r-test for independent or dependent
data was used to compare respective groups and
pairs. The Wilcoxon and Mann-Whitney U tests
were used for the features inconsistent with the
normal data distribution. Correlations were cal-
culated by the Spearman rank test. Receiver-
operating characteristics (ROC) curves were
constructed to find the cut-off levels of Cath V,
endostatin, and IL-18. p < 0.05 was considered
statistically significant. Statistical analysis was
performed using Statistica 10.0 software (Stat
Soft Inc., Tulsa, OK).

3 Results

There were no significant differences in age or
gender between patients and healthy subjects.
Pulmonary function analysis revealed that %VC
and %DLco were significantly reduced in
patients with BBS in comparison with the control
group (%VC: 874 £ 17.1 vs. 98.1 £4.0,
p = 0.03; %DLco: 83.3 £ 30 vs. 92.5 £ 12.7,
p = 0.02).

There was no difference in the fluid recovery rate
of bronchoalveolar lavage (BAL) between the two
investigated groups. Patients with BBS had a higher
percentage of lymphocytes and a lower percent-
age of macrophages (%lymphocytes: 42.4 + 21.0
vs. 18.0 £ 8.0, p = 0.0002; %macrophages:
55.5 £ 21.0 vs. 80.1 £ 17.0, p = 0.004). The
percentage of CD4+ was higher in BALF of BBS
patients than in healthy subjects (%CD4+:
46.6 £ 16.0 vs. 93 £ 04, p = 0.009). There
was a similar percentage of CD8+ in BBS and
healthy subjects (%CDS8+: 17.8 + 4.8 vs.
19.1 &£ 5.0, p = 0.231).

The BALF levels of Cath V, endostatin, and
IL-18 are shown in Fig. la—c. Cath V concentration
was lower in BBS than in healthy subjects
(16.03 £ 8.60 wvs. 3225+ 2190 pg/ml,
p = 0.004). Both endostatin and IL-18 levels
were higher in BBS than in control group (0.88 =+
0.30 vs. 0.29 £ 0.04 ng/ml, p = 0.028; 40.37 £
31.60 vs. 14.61 £ 1.30 pg/ml, p = 0.007).

ROC curves for Cath V, endostatin, and IL-18
in BALF were applied to determine the cut-off
values. Sensitivity and specificity of Cath V
levels in the BBS patients relative to the healthy
group were 90 % and 50 %, respectively, at a
cut-off value of 28.08 pg/ml. Sensitivity and
specificity of endostatin levels in the BBS
patients relative to the healthy subjects were
71 % and 8 %, respectively, at a cut-off value
of 0.39 ng/ml. Sensitivity and specificity of IL-18
levels in the BBS patients relative to the healthy
subjects were 81 % and 28 %, respectively,
at a cut-off value of 14.21 pg/ml. The areas
under the curve for Cath V, endostatin, and
IL-18 in BALF were 0.74, 0.84 and 0.79,
respectively (Fig. 2).
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Fig.1 Decreased Cath V (a), increased endostatin (b) and IL-18 (c¢) in BALF of Besnier-Boeck-Schaumann disease

(BBS) patients as compared with healthy volunteers
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Fig. 2 Receiver operating characteristic (ROC) curve
for Cath V, endostatin, and IL-18 in BALF differentiating
BBS and healthy subjects (AUC 0.74, 0.84, and 0.79,
respectively)

In the BBS group, a positive correlation was
found between the BALF levels of endostatin
and IL-18 (r = 0.74, p < 0.001) (Fig. 3). We
observed a negative correlation between BALF
levels of endostatin and %DLco in the BBS
group (Fig. 4). Moreover, in the BBS group,
BALF concentrations of endostatin correlated

with following parameters: %lymphocytes
(r=10.52, p = 0.019), 9omacrophages
(r=052, p=20.018) and CD4+/CD8+

(r =0.86, p=10.013). Cath V concentration
negatively correlated with CD4+4/CD8+ in
BALF of BBS patients (r = —0.83, p = 0.003).

4 Discussion

In the present study we revealed that patients
with BBS had a lower level of Cath V in BALF
than healthy people. To our knowledge, this
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Fig. 3 Correlation between concentrations of
endostatin, and IL-18 in BALF of Besnier-Boeck-
Schaumann disease (BBS) patients
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Fig. 4 Correlation between endostatin and DL (dif-
fusing capacity for carbon monoxide) in BALF of
Besnier-Boeck-Schaumann disease (BBS) patients

study is the first concerning the cathepsin con-
centration in BALF of humans. Our study is
consistent with the findings of Samokhin
et al. (2011) in the mouse lungs. That study,
which focused on the cathepsin K, L, and S,
showed that lack of cathepsin activity prevents
the development of lung granulomas. These cys-
teine proteases degrade major extracellular
proteins (Shi et al. 1992) and are involved in
immune responses (Hsing and Rudensky 2005;
Honey and Rudensky 2003). Cathepsins L and S
play a significant role in the antigen presentation
and T cell selection (Honey and Rudensky 2003;
Nakagawa et al. 1998), and the formation of
granulomas has been linked to T cell activation

(Gerke and Hunninghake 2008; Grunewald and
Eklund 2007; Noor and Knox 2007). The role of
Cath V in humans has not yet been clarified, but
in vitro experiments have demonstrated that it
has similar physiological properties to cathepsin
S (Berdowska 2004). Possible explanation for the
decreased Cath V level, in the present study, is
proteolytic degradation. Pulmonary sarcoidosis
is associated with chronic lung inflammation;
thus, it is possible that pro-inflammatory protease
may degrade Cath V and lead to its reduced level
in BALF. We presume that a low level of Cath V
in BBS patients is due to its being used up during
the destruction of the extracellular matrix. This
process is essential to the lung granuloma forma-
tion (Gerke and Hunninghake 2008; Grunewald
and Eklund 2007; Noor and Knox 2007). A neg-
ative correlation between the BALF level of
Cath V and CD4+/CD8+ is consistent with the
hypothesis above outlined. Lymphocytic
alveolitis with predominance of CD4+Th cells
and macrophages is typical in sarcoidosis
(Grunewald and Eklund 2007).

Several studies on cathepsins have demonstrated
that these enzymes participate in signaling
pathways leading to apoptosis (Turk et al. 2002).
Apoptosis plays an important role in the resolution
of granulomas (van Maarsseveen et al. 2009).
Recently, it has been demonstrated that BBS
lymphocytes CD4+ present resistance to apoptosis
(Dubaniewicz et al. 2006). Petzmann et al. (2006)
described decreased apoptosis of antigen-primed T
cells in BALF of BBS patients. These findings are
in accord with our study because BBS patients
had lower levels of Cath V than healthy subjects.

Shi et al. (2003) described that cathepsins are
involved in the controlled extracellular matrix
degradation, enabling endothelial cells to pene-
trate the vascular basement membranes to form
new vessels. Several investigators confirmed that
in pulmonary BBS the angiogenic/angiostatic
balance is also disturbed. Fireman et al. (2009)
reported that VEGF in the alveolar space is lower
in BBS than in healthy subjects. The authors also
revealed that the level of VEGF in patients at
Stage 3—4 of disease is significantly lower than
that at Stage 1-2, indicating a less fibrotic paren-
chymal disorder in the latter.
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In the present study, the level of endostatin
was higher in the BBS than in control subjects.
This may indicate the inhibition of angiogenesis
in patients with sarcoidosis. Our results are
similar to those reported by Richter et al.
(2009). They confirmed that endostatin reduces
migration and spreading of endothelial cells, and
induces epithelial apoptosis. Moreover, macro-
phages are also known to secrete anti-angiogenic
factors, such as endostatin/collagen XVIII
(Kamboucher et al. 2011). We confirmed that
report as endostatin correlated with the percent-
age of macrophages in BALF. Kamboucher
et al. (2011) found a correlation between
endostatin and lung function impairment. We
also observed a negative correlation between the
level of endostatin and DLco. The presence of
endostatin within the lung in BBS may result in an
alveolar epithelial repair. Another possible expla-
nation for increased endostatin level is proteolytic
degradation of proangiogenic stimulators. The
relationship between endostatin and IL-18 in
BALF indicates a potentially important clinical
role of our observations.

Recent studies have reported that IL-18 is
closely related to the pathogenesis of pulmonary
sarcoidosis (Shigehara et al. 2001). IL-18 plays
an important role in the induction of the Thl
response and it may be responsible for BBS
progression and granuloma formation. More-
over, it plays a pivotal role in linking inflamma-
tory immune responses and angiogenesis in
pulmonary BBS (Amin et al. 2010).

In summary, our findings, although obtained in
a small number of patients, show a significant
relationship between the level of endostatin and
DL in BALF of BBS patients. Patients with the
more severe impairment of DLco had a higher
concentration of endostatin — an inhibitor of angio-
genesis. Plausibly, an endostatin inhibitor may
become a therapeutic option in BBS in the future.
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