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Abstract—Calgranulins are small calcium-binding proteins with several immunological functions
involved in inflammatory processes. Calgranulin A is reported to be mainly associated with acute
inflammation while calgranulin B seems to play a role in chronic inflammatory disorders. In this
study we used a proteomic approach to analyse calgranulin B expression in bronchoalveolar
lavage (BAL) from a group of patients with different interstitial lung diseases. Two dimensional
electrophoresis analysis of BAL was performed in 11 idiopathic pulmonary fibrosis patients, nine
sarcoidosis patients, 11 with systemic sclerosis patients and five healthy controls. Significantly
higher (p<0.001) calgranulin B percentage volumes were observed in BAL from IPF patients
than controls and other ILD patients. This result sustains the hypothesis that calgranulin B could
be involved in chronic lung diseases, probably through increased expression and enhanced acti-
vation of alveolar polymorphonuclear cells related to idiopathic pulmonary fibrosis. Quantitative
analysis by an easier method applied to a larger population will be necessary to determine wh-
ether calgranulin B could be a good marker of disease severity.
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INTRODUCTION

Calgranulins are members of the S100 family of
small calcium-binding proteins [1] and are linked to
innate immune functions by expression in cells such as
monocytes, neutrophils and early differentiation stages
of macrophages [2, 3]. They have a role in migration and
cytoskeletal metabolism. After release into the extracel-
lular space they activate immune cells and vascular
endothelium causing cell damage. Their role in chronic
lung inflammation is subject of much research [4].

Calgranulin expression has been analysed in different
autoimmune diseases including lung disorders [1, 4].
These S100 proteins have been associated with the
pathogenesis of cystic fibrosis, a disease in which
neutrophils are a major mediator of lung damage. They
have also been measured in sputum from patients with
COPD and BAL from ARDS patients.

We recently analysed the protein composition of
bronchoalveolar lavage (BAL) from idiopathic pulmo-
nary fibrosis (IPF) and sarcoidosis (S) patients by a
proteomic approach [5]. In 2002, our group reported the
BAL protein pattern of six patients with sarcoidosis and
six patients with IPF studied by two dimensional
electrophoresis (2-DE) [5]. Certain proteins identified
by gel matching and MALDI-TOF mass fingerprinting
were expressed differently in the two diseases. In
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particular, comparison of bronchoalveolar lavage protein
maps of the two groups of patients showed 32 spots with
statistically significant disease-related variations in rela-
tive abundance. Among these, S100A8 (calgranulin A)
and S100A9 (Calgranulin B) were first identified in BAL
of these patients and their percentage volumes were
significantly increased in IPF with respect to sarcoidosis
patients [5]. In 2005 we analysed BAL protein compo-
sition in patients with different ILD; more recently BAL
protein composition from ILD patients was compared
with a group of controls [6].

The aim of the present study was to analyse
calgranulin B expression in a group of patients with
idiopathic pulmonary fibrosis in order to verify our
previous findings and to compare calgranulin B percent-
age volumes in patients with IPF, sarcoidosis and
pulmonary fibrosis associated with systemic sclerosis
(Ssc) and controls.

MATERIALS AND METHODS

The study population consisted of 11 IPF patients,
nine sarcoidosis patients, 11 patients with pulmonary
fibrosis associated with systemic sclerosis and five
healthy controls. Sarcoidosis, pulmonary fibrosis associ-
ated with systemic sclerosis and IPF were diagnosed
according to the International Consensus criteria [7, 8].
All subjects underwent bronchoscopy for clinical pur-
poses. The patients with interstitial lung diseases
included in the study had never been treated with
steroids or other immunosuppressants at the time of
bronchoalveolar lavage. They were regularly followed at
the Sarcoidosis and Fibrosis Regional Referral Centre in

Siena from onset for at least 12 months. All patients
enrolled in the study underwent medical history, physical
examination, chest X-ray, chest HRCT, lung function
tests and DLCO, 6 min walking test, blood gas analysis
and bronchoscopy with BAL. Personal, clinical and
immunological data of patients and controls are reported
in Table 1. No patient had acute onset, Löfgren disease
or acute exacerbation of IPF/Ssc at the time of
bronchoscopy. The group of controls consisted of five
healthy subjects with no history of asthma, allergy or
respiratory infections and normal lung function param-
eters. Patients and controls gave their written informed
consent to the study.

Bronchoscopy and bronchoalveolar lavage were
performed as previously described [5, 6]. In brief
BAL was carried out by the standard method,
instilling 5×60 ml aliquots of normal saline by fibre
bronchoscope (Olympus IT-10; Olympus Italia, Milan,
Italy). The first sample was kept separate from the others
and was not used for immunological tests. Cells were
separate by centrifuge from the fluid component of BAL
that was frozen in aliquots for the study of protein
composition. Cell differential count was performed. The
phenotype of BAL lymphocytes was analysed by flow
cytometry using monoclonal antibodies.

BAL samples were dialysed against water, lyophi-
lised and dissolved in lysis buffer so that 100 μl of
sample contained 45 μg of proteins. 2-DE was
performed as previously described [9, 10].

Calgranulin B was analysed by two-dimensional
electrophoresis, identified by gel matching and MALDI-

Table 1. Personal Data, Spirometric Values and BAL Features of
Patients and Controls

IPF S C

Age (years) 65±8.1 46.2±13.2 48±8.5
Male 40% 58.9% 75%
Female 60% 41.1% 25%
FVC % 62.7±15.2 96.6±19.0 102.6±2.5
TLC % 70.8±12.6 95.5±20.5 91.6±7
DLCO % 38±15.5 89.8±18.4 88±10
MACR % 67.4±17.7 60.7±23.8 94±10
LY % 12.1±13.1 34.7±23.5 4.8±3
PMN % 14.6±16.9 0.9±0.8 0.8±3
EO % 5.9±6.8 0.9±0.8 0.4±0.8
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Fig. 1. Percentage volumes of calgranulin B in BAL of sarcoidosis,
pulmonary fibrosis associated with systemic sclerosis, idiopathic pul-
monary fibrosis patients and healthy controls.
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TOF mass fingerprinting, as previously reported [10].
Electrophoretogram images were obtained with a com-
puting densitometer and processed by the Melanie III
computer system. For quantitative analysis we calculated
volumes with respect to the sum of the volumes of all
spots in each gel in order to correct for variability related
to silver staining.

Statistical analysis of data was performed using
StatSoft 2001 software for Windows.

RESULTS AND DISCUSSION

Personal data, spirometric values and BAL features
from patients and controls are reported in Table 1.
Calgranulin B percentage volumes in BAL of patients
and controls are described in Fig. 1. Significantly higher
calgranulin B percentage volumes were found in BAL of
IPF patients than controls (p<0.01), sarcoidosis patients
(p<0.01) and Ssc patients (p<0.01) (Fig. 1). In healthy
controls calgranulin B percentage volumes were similar
to those of sarcoidosis and Ssc patients while a
substantial increase was found in IPF patients. No
correlations were found between calgranulin B percent-
age volumes and clinical parameters, including chest
radiological stages of sarcoidosis and lung function
results taken as indicators of disease severity. This may
be due to the limited number of patients analysed and to
the use of a semiquantitative test (2-DE rather an
ELISA).

Calgranulin B in BAL of patients with IPF and not
in other ILD can be explained by massive activation of
neutrophils and macrophages subsets at alveolar level in
IPF. These cells also contribute to lung fibrosis by
releasing different mediators of oxidative stress respon-
sible for tissue damage. Specific interactions of this
protein with the endothelial surface suggest a regulatory
role in the adhesion of phagocytes to the endothelial
surface [11].

Increased levels of calgranulin B have also been
reported in other chronic inflammatory disorders (such
as cystic fibrosis and COPD) while increases in
calgranulin A have been reported in acute inflammation
(including ARDS) [12–16]. As IPF is a typical chronic
disorder, the increased percentage volumes of calgranu-
lin B found by us in this disease are in line with data in
the literature [4]. Our next step will therefore be to
perform a full quantitative test such as ELISA, in a
larger population of ILD patients to validate these
findings.

In our study we failed to find any correlation
between calgranulin B percentage volumes in patients
and radiological, functional or immunological features;
this may be due to the small number of patients analysed
in the proteomic study. Quantitative analysis of a larger
population using an easier method will now be required
to determine whether calgranulin B concentrations in
BAL could be a good marker of disease severity.

In conclusion, because calgranulin B, a protein
involved in chronic inflammation, has increased expres-
sion in IPF and not in other ILDs, it could play a role
worthy of further research in the fibrotic processes of
IPF.
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