Eur Respir J 2010; 35: 410-417
DOI: 10.1183/09031936.00020809
Copyright©ERS Journals Ltd 2010

Airway proteins involved in bacterial
clearance susceptible to cathepsin G
proteolysis

M.M. Farberman, K.T. Akers, J.P. Malone, P. Erdman-Gilmore,
R.R. Townsend and T. Ferkol

ABSTRACT: Serine proteases released from neutrophils are central to the pathogenesis of cystic
fibrosis lung disease and are considered to be obvious therapeutic targets. Neutrophil elastase
digests key opsonins present in the lung and disrupts phagocytosis, allowing bacteria to persist
despite established pulmonary inflammation. We have found that cathepsin G, an abundant serine
protease found in human and murine neutrophils, has other roles in the development of
suppurative lung diseases. Murine models of endobronchial inflammation indicate that cathepsin
G inhibits airway defences and interferes with the host’s ability to clear Pseudomonas aeruginosa
from the lung with effects distinct from neutrophil elastase. We hypothesise that differences in

bacterial killing are due to defects in innate defences created by proteolysis.
Protein profiles of bronchoalveolar lavage of infected wild-type and cathepsin G-deficient mice
were compared using two-dimensional polyacrylamide gel electrophoresis and tandem mass

spectrometry.

Four proteins in bronchoalveolar lavage were cleaved by cathepsin G. Serum amyloid P
component leaked into the lung during acute infection and was digested by cathepsin G. Its
cleavage products had greater binding to lipopolysaccharide and interfered with phagocytosis.

These results indicate that cleaved serum amyloid P component acts as an anti-opsonin and

interferes with bacterial clearance from the lung.
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against bacterial invasion, yet it also

contributes to epithelial cell injury and
damage. Neutrophils possess several highly
related serine proteases, including neutrophil
elastase (NE) and cathepsin G (CG) [1]. These
proteases are critical for neutrophil responses
against infection, participating in intralysosomal
degradation of engulfed bacteria [2]. However,
large amounts of proteases escape from neutro-
phils during phagocytosis and apoptosis. The
release of catalytically active enzymes can have
harmful effects on the respiratory epithelium,
and protease burden in suppurative lung dis-
eases, including cystic fibrosis, overwhelms the
existing antiprotease defence [3]. NE has long
been considered pre-eminent in cystic fibrosis
since this omnivorous enzyme plays several roles
in the pathogenesis of lung disease [4], but other
neutrophil-derived serine proteases could have

T he phagocytic system affords protection

effects on airway defences. Considerably less is
known about the physiological role(s) of other
proteases, such as CG, but these enzymes could
be relevant to the pathogenesis of cystic fibrosis
lung disease. One of the most abundant proteins
found in human and murine neutrophils [5] is
CG, which can activate airway epithelial cells and
stimulates secretion from airway submucosal
glands [6]. CG is important for neutrophils to
respond to chemotactic signals [7], and when
intracellular it has direct antimicrobial activity
against microorganisms [8].

Identification of candidate molecules degraded
by serine proteases has historically been limited
by technology that permitted only simultaneous
analysis of a few individual proteins. The advent
of proteomics now provides investigators with
tools to interrogate hundreds of proteins in a
single experiment. We previously reported that
CG interferes with the host’s ability to clear
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Pseudomonas aeruginosa (PA01) from the murine lung, which
we postulated was due to degradation of innate or adaptive
defences at the airway surface [1]. Using these well-
characterised murine models of acute bacterial endobronchitis,
we tested this hypothesis using newer proteomic approaches.
The data we present herein begin to define the mechanisms by
which specific neutrophil-derived serine proteases contribute
to pathogenesis of suppurative airway disease and lead to
bacterial persistence.

EXPERIMENTAL METHODS AND MATERIALS

Animals

Protease-deficient (ne/*cg”~ and ne”/“cg”’") mice previously
created by homologous recombination were used in these
experiments [9, 10]. Protease-sufficient mice (ne*/*cg*/*) of the
same genetic background were used as controls, i.e. wild-type
(WT) 129/5v] strains. The genotype of individual animals was
established by PCR amplification (Perkins Elmer Cetus,
Norwalk, CT, USA) of genomic DNA using established
protocols. All mice were maintained in micro-isolator units
and housed in the Animal Resource Center at Washington
University School of Medicine (St Louis, MO, USA).

Murine model of endobronchial inflammation

An adaptation of the agarose bead method was used to create a
neutrophilic endobronchitis in mice [11]. Based on previous
data examining maximum bacterial burden and inflammation
in this infection model, bronchoalveolar lavage (BAL) was
performed 3 days after infection using established techniques
[11]. BAL fluid (BALF) cell counts were performed using
established techniques, and marker pro-inflammatory cyto-
kines were measured using commercially available ELISA kits
(R&D Systems, Minneapolis, MN, USA) as per manufacturer’s
instructions.

Proteomics analysis of BALF using two-dimensional
difference gel electrophoresis and nano-liquid
chromatography-mass spectrometry

Samples were labelled with charge-matched cyanine dyes as
previously described [12-14]. Each sample (50 pg) was
prepared in sample buffer (30 mM Tris-HCl pH 8.5, 7 M urea,
2 M thiourea, 4% 3-((3-Cholamidopropyl)dimethylammonio)-
1-propanesulfonate) and labelled with 400 pmol Cy2, Cy3 or
Cy5. All samples were equilibrated into immobilised pH
gradient strips under 100 V followed by isoelectric focusing
using a maximum of 10,000 focusing volts (Protean IEF cell;
BioRad, Hercules, CA, USA). After focusing, proteins were
reduced with dithiothreitol and alkylated with iodoacetamide.
The IPG strip was then layered onto 10% polyacrylamide gels
followed by sodium dodecyl sulphate polyacrylamide gel
electrophoresis (SDS-PAGE) separation. Samples were imaged
with a Typhoon Imager (GE Healthcare, Piscataway, NJ, USA)
at the following specific excitation/emission wavelengths:
488/520 nm for Cy2, 520/580 nm for Cy3 and 620/670 nm
for Cy5. The DeCyder (v. 6.5) software tools (GE Healthcare)
were used for image analysis. The differential in-gel analysis
(DIA) module was used to align and normalise images within
each gel. The DIA module calculated abundance ratios using
the normalisation algorithm [15]. Spots with slopes >1.1, areas
<100 pixels, volumes <10,000 pixels and peak heights <100
pixels were excluded. For comparative pair-wise analyses of
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features across different physical gels, the DIA data sets were
analysed using the biological variation analysis module. Spot
volumes were converted to ratios of a pooled internal
standard. Spots were excised robotically (ProPic; Genomic
Solutions, Huntingdon, UK) using a triangulation algorithm
implemented with in-house software, and gel pieces were
digested in situ with trypsin [16]. Samples were processed and
analysed using matrix-assisted laser desorption/ionisation
time-of-flight (MALDI-TOF)/TOF mass spectrometry (MS)
(ABI-4700; Applied Biosystems, Foster City, CA, USA) [14].
The tandem MS spectra were used to search the National
Center for Biotechnology Information protein database (down-
loaded on February 18, 2007) with the following constraints:
MS tolerance, 50 ppm; and MS/MS tolerance, 0.200 ppm, with
fixed modifications of cysteine residues (carbamidomethyla-
tion) and variable oxidation of methionine residues.

Immunoblot analyses of serum amyloid P in BALF

BALF samples (500 pL) from infected mice were concentrated
16-fold using a 3,000 MWCO Microcon centrifugal filter device
(Millipore Corporation, Bedford, MA, USA). Proteins were
separated using SDS-PAGE and transferred onto poly(vinyli-
dene fluoride) membranes using established approaches. The
blots were blocked with TBS, pH 7.4, 0.03% TWEEN 20 and
10% (w/v) dry skimmed milk overnight at 4°C, then incubated
at 21°C with rabbit anti-serum amyloid P (SAP) antibody
(1:20,000; Abcam, Cambridge, MA, USA) followed by horse-
radish peroxidase (HRP)-conjugated, goat anti-rabbit immu-
noglobulin (Ig)G antibody (1:50,000; Sigma, St Louis, MO,
USA). The membranes were washed, then SuperSignal
Extended Duration Substrate (Pierce Biotechnology,
Rockford, IL, USA) was applied for 5 min. Luminescence
was detected by exposure to photographic film.

CG digestion of SAP

Human SAP (125 ng, 250 ng, 500 ng, 1,000 ng and 2,000 ng)
(Sigma) was treated with increasing concentrations (0.2 pM,
1uM, 5uM and 25 puM) of excess CG (Elastin Products,
Owensville, MO, USA) for 24 h at 37°C. Immunoblot analysis
was performed on CG-treated and untreated SAP as pre-
viously described, except the secondary antibody was used at
1:1,000. Amersham ECL western blotting reagents (GE
Healthcare, Piscataway, NJ, USA) were applied for 1 min to
washed membranes. Luminescence was detected by exposure
to photographic film.

SAP binding to P. aeruginosa lipopolysaccharide

Lipopolysaccharide (LPS) from P. aeruginosa 10 (1 pg-mL™”,
Sigma) was applied to 96-well flat-bottomed ELISA plates and
incubated at 37°C for 1 h, followed by a 16-h incubation at 4°C.
The plates were washed with water containing 0.05% TWEEN
20, and blocked overnight with 200 uL of PBS, 4% bovine
serum albumin and 0.05% TWEEN 20 at 4°C. The plates were
washed, and human serum samples incubated with increasing
CG concentrations (10 pM, 100 uM and 1,000 uM) overnight at
37°C were applied to each well for 16 h at 4°C. After additional
washings, bound SAP was identified by sequential incubation
with 1:5,000 rabbit anti-human SAP antibody (Lifespan,
Seattle, WA, USA) and 1:10,000 HRP-conjugated, goat anti-
rabbit IgG antibody (Sigma). Following washings, the plates
were developed using the TMB microwell peroxidase substrate
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system (KPL, Inc., Gaithersburg, MD, USA). The colorimetric
reaction was stopped by addition of 100 pL of 1 M H3PO, per
well, and absorbance was measured using the VERSAmax
microplate reader at 450 nm (Molecular Devices, Sunnydale,
CA, USA).

Opsonophagocytosis of LPS incubated with cleaved SAP
HL-60 cells (promyelocytic leukaemia cells, CCL240; American
Type Culture Collection, Rockville, MD, USA) were grown and
differentiated as previously described [17]. SAP (10 ug) was
cleaved with 100 nM CG as described previously. Cleaved
SAP, untreated SAP and buffer control were incubated with
PAO1 for 15 min at 37°C. Differentiated HL-60 cells were
mixed with the bacterial pellet and incubated for 90 min at
37°C. Gentamicin (1:100) was added for 1 h at 37°C. Following
centrifugation, cells were washed three times with 200 pL of
PBS and then centrifuged at 300 x g for 8 min. HL-60 cells were
then lysed with 10 pL of 0.1% Triton X-100, streaked on TSA
plates, and examined for P. aeruginosa colonies after overnight
incubation at 37°C.

Statistical analysis

Data are expressed as mean+SEM. Statistical comparisons
between control and CG-deficient mice were made using the
two-tailed unpaired t-test. For ELISA studies, statistical
comparison of the effects of SAP, its digestion products and
controls, single factor ANOVAs were used.

RESULTS

Animal model

To determine the mechanism by which CG interferes with
bacterial clearance from the lung, syngeneic CG-deficient
(ne**cg”") and CG-replete WT (ne*/*cg™/*) mice [10] were
challenged with PAQ1-laden beads (fig. 1), which mimics the
pathology seen in the cystic fibrosis lung. This endobronchitis
model allows control and manipulation of the host’s genetic
background, as well as genotype and virulence factors
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expressed by infecting organisms, variables that are difficult
to evaluate in humans.

Lavage analyses

Before and after infection, cell counts and the histopathological
appearance of the lungs were similar between mouse
genotypes. There was no difference in neutrophil concentra-
tions in BALF of uninfected WT and ne*/*cg”~ mice (fig. 2),
which indicates that neutrophil transmigration was unaffected
by the absence of serine proteases. More importantly, the
inflammatory cell composition of the BALF was virtually
identical, which suggests that their contribution to proteins in
the fluid was also similar. There was no difference in total
protein or selected inflammatory mediator concentrations in
BALF (total protein: WT 61.3+19.7 pg-mL™, ne*/*cg”/~ 65.2+
5.1 ug-mL’l; macrophage inflammatory protein-2: WT 96.1+
14.2 ng'mL", ne**cg”” 69.1+19.7 ng-mL™; keratinocyte che-
moattractant: WT 6.0+0.8 ng-mL™, ne*/*cg”/" 7.0+ 0.5 ng-mL;
and tumour necrosis factor-o, WT 2.140.23 ng-mL’l, ne*’ +cg'/ -
1.5+0.17 ng-mL™).

CG degradation of proteins in BALF

To determine the mechanism by which CG affects bacterial
clearance from the airways, we examined profiles of proteins
secreted into the infected lung using proteomic techniques.
BALF from six identically treated syngeneic ne*/*cg”” mice
and WT controls was collected after PAO1 infection. Two-
dimensional (2D)-PAGE analysis of BALF revealed a total of
1,571 gel features with 170 spots that were changed in volume
by 2 sp or 2.6-fold difference between the two pooled samples.
The number of features that showed increased or decreased
spot volumes was approximately the same (82 versus 88). Many
of the changes (indicated by the red gel features) were part of
charge trains, which are characteristic of plasma proteins
(fig. 3). Thus, we focused on individual, well-delineated gel
features that changed by more than three-fold for our protein
identification studies using MS, as illustrated by the identified
gel feature (fig. 3). Features of interest were flagged in DIA

3!.

FIGURE 1. Photomicrographs of murine lungs 3 days after instillation of Pseudomonas-laden agarose beads. a) The histopathological features of the lungs that closely
mimic the pathology present in the cystic fibrosis lung, including endo- and peribronchial inflammation and local extension into the airspace. Otherwise, the alveoli are
relatively spared. Scale bar=200 um. Photomicrographs showing bronchial sections from b) isogenic wild-type and c) cathepsin G-deficient (ne”cg”) mice following

infection. Largely, there was no difference in the degree or extent of airway inflammation. Scale bars=100 pum.
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FIGURE 2. a) Leukocyte and b) neutrophil concentrations in the lungs from
isogenic wild-type (WT) and cathepsin G (CG)-deficient (ne**cg”) mice after
inoculation with Pseudomonas-laden beads. In both murine genotypes, there was a
marked increase in lavage leukocyte concentration and absolute neutrophil counts
after infection, but no difference in inflammatory phenotypes between CG-replete
and CG-deficient cohorts (two-tailed unpaired t-test).
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software, excised robotically and digested in situ. The peptides
were analysed by tandem mass spectrometry using MALDI-
TOF/TOF MS and database searching with MASCOT soft-
ware. Proteins were identified in 23 gel features (see fig. 1 in
the supplementary material), and four proteins were reduced
(table 1). The most promising candidate degraded by CG in the
lung, potentially involved in bacterial clearance, was SAP.

Presence of SAP in murine lung

SAP is expressed in murine hepatocytes as an acute-phase
protein [18], and is secreted into circulation and extravascular
tissues [19, 20]. We were able to detect SAP in both uninfected
and infected murine serum (data not shown). Previous reports,
however, failed to demonstrate SAP expression in the lung
[21], and, using immunoblot analysis, we found SAP only in
the BALF of infected mice (ne”"cg””) and not in uninfected
controls (fig. 4). These data suggest that SAP leaked from the
serum into the airspace upon infection.

CG cleavage of SAP

Our proteomics data indicated that SAP was present in BALF
of PAQl-infected mice and susceptible to CG cleavage. We
confirmed this finding by immunoblot analysis of SAP

d) 1500~
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FIGURE 3. Two-dimensional (2D)-differential gel electrophoresis of bronch-
oalveaolar lavage fluid from cathepsin G (CG)-deficient (ne**cg™) and isogenic
wild-type (WT) littermate controls after Pseudomonas infection. a) Fluorophore-
labelled proteins in bronchoalveaolar lavage samples from WT and CG-deficient
mice after infection, separated using 2D-differential gel electrophoresis. A region of
interest was highlighted, which permitted precise excision and analysis of the
candidate. The serum amyloid P location was identified (spot 2988). b, c)
Fluorophore-labelled serum amyloid P peaks from b) WT and c) CG-deficient mice
lavage fluid were quantitated and compared. d) Histogram showing distribution of
relative spot intensities, expressed as fold change, comparing lavage fluid collected
from infected WT and CG-deficient mice.
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TABLE 1

Fold change WT:CG™" Candidate function

Inter-o inhibitor proteins 3.59 Serine protease inhibitor; role in inflammation and wound healing
Selenium-binding protein 4.03 Regulation of cell proliferation and differentiation in lung
B2-glycoprotein 1 precursor 3.61 Zymogen of serine protease involved in complement activation
Serum amyloid P component 3.21 Member of pentraxin family, opsonin and anti-opsonin

Sec 14-like protein -8.56 Role in Golgi transport

Annexin A5 -3.50 Modulates cell signalling via Jak-Stat 1

following overnight incubation with increasing molar-excess
CG. With increasing protease concentrations, digestion frag-
ments were produced (fig. 5a). Similar fragments were seen
when the concentration of CG was constant and the SAP
concentration was increased (fig. 5b). These results conclu-
sively demonstrate that SAP is proteolytically cleaved by CG.

CG cleavage alters the function of SAP

SAP binds to various forms of LPS, thus neutralising its
biological effects and targeting it for removal [20]. We
determined whether CG digestion altered SAP function and
binding avidity to LPS. We examined untreated and CG-
digested SAP binding to LPS using ELISA, and found that SAP
fragments had greater binding to LPS than to the undigested
protein (fig. 6). Moreover, we established that digested SAP
fragments interfered with LPS-mediated phagocytosis by
macrophages. SAP treatment reduced P. aeruginosa uptake by
the HL-60 macrophage line in vitro, but phagocytosis was
markedly inhibited when bacteria were pre-incubated with
CG-digested SAP (fig. 7). These data indicate that SAP
cleavage products act as anti-opsonins, and provide a potential
mechanism by which CG inhibits P. aeruginosa clearance from
the lung.

DISCUSSION

We have previously shown that CG interferes with the host’s
ability to eliminate P. aeruginosa from the murine lung [1]. In
this study, we applied proteomic approaches to identify
antimicrobial factor(s) in the lung susceptible to CG proteolysis
and central to bacterial clearance in the airway. We found that
SAP was important for pulmonary clearance of Pseudormonas in

SAP BALi

e -  — |
.. \

BALu

14 kD

FIGURE 4. Presence of serum amyloid P (SAP) in murine bronchoalveolar
lavage fluid. Bronchoalveolar lavage fluid collected from infected (BALi) or
uninfected (BALu) CG-deficient mice (ne”"cg”) were analysed using immunoblot-
ting. The 30-kD SAP band was detected in BALi but not in BALu. Human SAP was
used as a control.
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syngeneic mouse models, and its cleavage products bind to
Pseudomonas LPS, thus defining its role in bacterial opsono-
phagocytosis.

BAL provides a “window to the lungs” [22], allowing analysis
of accessible cells and epithelial lining fluid (ELF), the thin fluid
layer that covers the immediate airway surface which contains
many proteins and mediators secreted by resident epithelial
cells or diffused into the airway and alveoli. In disease, BALF is
even more complex, since recruited immune cells, e.g. neutro-
phils, also contribute to the protein composition of ELF.
Differences in genetic backgrounds or environmental influences

a)
25 uM
30 kD
20.1 kD
14.3 kD

1000 2000 ng

FIGURE 5. Immunoblot analysis of serum amyloid P (SAP) component
cleavage by cathepsin G (CG). a) SAP (1,000 ng) isolated from human serum
was treated with increasing concentrations of CG (0, 0.2, 1, 5 and 25 uM). b) SAP
(0, 125, 250, 500, 1,000 and 2,000 ng) isolated from human serum was treated with
5 pM CG for 24 h at 37°C and analysed using sodium dodecy! sulphate polyacryl
amide gel electrophoresis. Molecular weight standard is shown. The antibody
detected a 25-kD band, consistent with the predicted size of SAP, but also several
smaller, discrete, cleaved fragments following digestion.

30 kD

20.1 kD

14.3 kD
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FIGURE 6. ELISA demonstrating that cathepsin G cleavage of serum amyloid
P enhanced its binding to Pseudomonas aeruginosa lipopolysaccharide.
OD: optical density. n=6. One-way ANOVA, p=0.002.

on subjects can account for differences in protein expression and
confound analyses. The murine models used in these studies
have the advantage that such factors can be controlled or
manipulated.

Typically, proteomic analysis of lung disease has been
performed on conditioned culture media or cellular lysates
[23]. The earliest proteomic profiling of BALF was published
30 yrs ago, and identified proteins in patients with alveolar
proteinosis. Since that time, analyses have been performed on
respiratory samples collected from patients with various lung
diseases, including cystic fibrosis [24]. ELF dilution has been a
problem, but with technological advances, more proteins are
now detectable. Many proteins found in the lavage are plasma
proteins that diffused into the airspace, including IgG, os-
antitrypsin, albumin and, as we describe, SAP. Using newer
protocols, we were able to identify candidate proteins that are
susceptible to CG degradation. 2D-difference gel electrophor-
esis (DIGE) is a multiplexed proteomics method, which
enables the simultaneous comparison of as many as three
experimental conditions in the same physical gel. This
approach avoids the well-recognised inter-gel variability and
eliminates the imperfect warping process to align gel spots
across gels [25]. The resulting differential protein expression
data can be interpreted with greater confidence with
fewer gels.

In these experiments, we collected BALF from PAOl-infected
CG-deficient and replete mice. The CG”~ mice used in these
experiments have no detectable CG protein or enzymatic
activity in their neutrophils. BALF from both murine cohorts
had similar profiles of recruited inflammatory cells, indicating
that ne*/*cg”” neutrophils can migrate into the lung in
response to Pseudomonas infection. Differences in neutrophil
concentrations or secreted proteins released into the respira-
tory ELF, along with those secreted from airway epithelia and
alveoli, could have influenced our results. However, the
concentration of inflammatory cells and secreted marker
proteins were similar in the BALF from ne*/*cg”” and WT
mice after infection.
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FIGURE 7. Opsonophagocytosis assay comparing Pseudomonas aeruginosa
uptake by HL-60 cells after no treatment (NT), incubation with serum amyloid P
(SAP) or SAP digested with cathepsin G (SAPd), showing that proteolytic cleavage
of SAP further inhibits the phagocytosis of P. aeruginosa by macrophages in vitro.
n=4-6. One-way ANOVA, p=0.002.

2D-DIGE analysis of murine BALF revealed a limited number
of proteins that were digested or upregulated by CG. The most
promising candidate identified was SAP, a member of the
pentraxin family of proteins. It is a highly conserved
glycoprotein consisting of 10 identical, noncovalently linked
25-kD subunits arranged in two pentameric rings [19]. In mice,
SAP is the main acute-phase protein [19]. In humans, it is
constitutively expressed with circulating levels ranging from
30 to 50 ug-rnL'1 that increase during sepsis [19]. The
physiological function of SAP is still unclear, though it
appeared to exert its effect by binding to host- or pathogen-
derived cellular debris [19]. Evidence obtained from SAP-
deficient mice indicated that SAP may be protective in the
presence of bacteria to which it does not bind, such as smooth
strains of Escherichia coli, as shown by increased mortality of
these mice after infection [26]. Conversely, SAP can act as an
anti-opsonin during infections with bacteria that it binds, such
as rough E. coli, by reducing its ability to be phagocytosed and
killed [26].

BALF from patients with cystic fibrosis reveals an intense
endobronchial inflammatory process, characterised by high
neutrophil concentrations, even in patients with mild disease
[27]. Once in the airway, neutrophils release high concentra-
tions of serine proteases and extracellular, catalytically active
enzymes, which have harmful effects on the respiratory
epithelium. Overlapping with other proteases, CG has numer-
ous substrates in the cystic fibrosis lung and has been shown to
cleave components of the extracellular matrix, including
collagen, fibronectin and elastin [28]. Moreover, it regulates
innate immunity and inflammation through chemokine ampli-
fication, cleavage of cell-surface bound cytokine receptors, and
proteolytic inactivation of collectins, cytokines and chemoat-
tractants [29].

Because of its clear association with the pulmonary deteriora-
tion of cystic fibrosis patients and its ability to incite an intense
neutrophilic response in the airway, P. aeruginosa was chosen
for these investigations [11]. It is important to note that the
inoculation of the lungs with PAO1 embedded within agar
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beads is not a model of initial infection, but simply a means to
elicit neutrophilic influx into the mouse lung. Consequently,
we were unable to address questions regarding the initial
colonisation and retention of bacteria in the lung early in the
development of cystic fibrosis lung disease. This model,
however, does permit examination of the inflammatory
response and the effect of CG on novel candidate molecules
in the infected lung. Nevertheless, we cannot exclude the
possibility that other proteases impact bacterial clearance from
the lung. Although neutrophil proteases have different sub-
strate specificities in vitro, their physiological effects in vivo
may be redundant.

A circulating protein, SAP can be found in other body
compartments. Other investigators were unable to demonstrate
SAP expression in LPS-treated lungs [21], and it was undetect-
able in BALF from uninfected ne” cg”” mice. SAP was found
only in the BALF of P. aeruginosa-infected mice, suggesting that
SAP leaks from the serum and enters the airspace after acute
infection. Investigators have previously shown that amyloid P,
an aggregated tissue form of SAP, is cleaved by neutrophil-
derived enzymes [30]. We advanced this observation by
demonstrating that CG cleaves SAP into several smaller
fragments, thereby enhancing its ability to bind to Pseudomonas
LPS and prevent phagocytosis by macrophages. These data
indicate that SAP acts as an anti-opsonin in this setting. It is also
possible that CG may digest other proteins involved in lung
defences that are difficult to detect in 2D-gel separations.

In conclusion, few proteins are specifically digested by CG in
BALF of infected mice, including SAP. CG cleavage of SAP
renders it anti-opsonic, as evidenced by increased binding of
SAP to Pseudomonas LPS and inhibition of phagocytosis in vitro,
thus sequestering it within the lung and potentially contribut-
ing to persistent infection in cystic fibrosis.
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