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Abstract
Chronic inflammation in lung diseases contributes to lung tissue destruction leading to the
formation of chemotactic collagen fragments such as N-acetylated Proline–Glycine–Proline (N-ac-
PGP). In this study, we investigated in more detail the mechanism of action of N-ac-PGP in
neutrophilic inflammation. N-ac-PGP was chemotactic for human neutrophils via pertussis toxin
sensitive G protein-coupled receptors in vitro and directly activated this cell type, which led to
cytosolic calcium mobilization and release of CXCL8. Furthermore, using a selective CXCR2
antagonist confirmed that N-ac-PGP-induced neutrophil chemotaxis is mediated through CXCR2
activation. To determine whether N-ac-PGP was solely responsible for the migration and
activation of human neutrophils in vitro and not the released CXCL8 upon stimulation with N-ac-
PGP, an antibody directed against CXCL8 was used. Performing chemotaxis and calcium influx
assays in the presence of this antibody did not alter the effects of N-ac-PGP whereas effects of
CXCL8 were attenuated. These experiments indicate that N-ac-PGP, in addition to the direct
induction of chemotaxis, also directly activates neutrophils to release CXCL8. In vivo, this may
lead in the long term to a self-maintaining situation enhanced by both N-ac-PGP and CXCL8,
leading to a further increase in neutrophil infiltration and chronic inflammation.
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1. Introduction
Neutrophils play a pivotal role in pulmonary inflammatory diseases, such as chronic
obstructive pulmonary disease (COPD) (Barnes, 2004; Downey et al., 2009; Quint and
Wedzicha, 2007). These front line defensive cells are the first to be recruited to the site of
inflammation. During inflammation, the major attractants for neutrophils are ELR+ CXC-
chemokines, such as CXCL8 (Kobayashi, 2008). However, it has long been known that
fragments of the extracellular matrix, such as collagen fragments, have chemotactic
properties (Chang and Houck, 1970; Laskin et al., 1986). One of these fragments is N-
acetylated Proline–Glycine–Proline (N-ac-PGP), which was first identified by Pfister and
colleagues. They described a rabbit model in which it was demonstrated that alkali
degradation of whole corneal protein generated a tripeptide, N-ac-PGP (Pfister et al., 1995).
Injecting N-ac-PGP in normal rabbit corneas resulted in a rapid and severe neutrophil
invasion leading to corneal ulceration and perforation, resembling the neutrophil infiltration
in the alkali-injured eye (Pfister et al., 1998). Interestingly, N-ac-PGP has been found in the
sputum of COPD (O'Reilly et al., 2009; Weathington et al., 2006) and cystic fibrosis patients
(Gaggar et al., 2008).

In collaboration with Weathington et al., we investigated the possible molecular mechanisms
of N-ac-PGP's activity in the lung. Intratracheal administration of the collagen fragment in
mice resulted in a direct neutrophil influx into the airways. Furthermore, chronic intra-
airway exposure of N-ac-PGP resulted in COPD-like characteristics, such as enlargement of
alveoli and right ventricular hypertrophy (Weathington et al., 2006). It was proposed that the
N-ac-PGP activity is mediated via CXCR1/2, since the tripeptide shares sequence homology
with the highly conserved GP motif in ELR+ CXC-chemokines, which is an essential motif
for neutrophil cell binding and cell activation (Clark-Lewis et al., 1994), and blocking these
chemokine receptors resulted in inhibition of the chemotactic N-ac-PGP response
(Weathington et al., 2006). However, in collaboration with De Kruijf et al., we recently
reported that N-ac-PGP does not directly activate or interact with these receptors, since the
peptide was unable to activate G protein (in)dependent signaling and was unsuccessful in
displacing the radioligands [125I]CXCL8 and [3H]-SB265610 from CXCR1- and CXCR2-
expressing HEK293T cells or neutrophils. These observations led to the hypothesis that N-
ac-PGP interacts indirectly with CXCR1/2 via the release of chemokines known to bind
these receptors, or through activation of other receptors on the neutrophil to induce
chemotaxis (de Kruijf et al., 2010).

Therefore, the aim of our study was to investigate the mechanism of N-ac-PGP-induced
chemotaxis in more detail. In this report, we demonstrated that the collagen fragment N-ac-
PGP dose dependently induces pertussis toxin-sensitive chemotaxis of neutrophils, which is
associated with a calcium influx and that N-ac-PGP activation induces release of CXCL8.
However, using an antibody against CXCL8 (α-CXCL8), we were able to demonstrate that
the released CXCL8 is not responsible for N-ac-PGP's directly induced chemotaxis and
calcium influx. Yet, the CXCR2 antagonist Compound 1 was able to attenuate the N-ac-PGP
induced neutrophilic chemotactic response. These findings indicate that N-ac-PGP is a
chemo-attractant for neutrophils in which CXCR2 but not CXCL8 plays a role.

2. Material and methods
2.1. Chemicals and reagents

N-ac-PGP was purchased from AnaSpec (San Jose, CA, USA) and checked for purity by
high-performance liquid chromatography and mass spectrometry. Proline–Glycine–Glycine
(PGG) was purchased from Bachem AG (Budendorf, Germany). CXCR2 antagonist
Compound 1 ((S)-2-(2-(1 H-imidazol-1-yl)-6-(octylthio)pyrimidin-4-ylamino)-N-(3-
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ethoxypropyl)-4-methylpentanamide) was synthesized at the Schering-Plough Research
Institute (Oss, The Netherlands; for molecular structure, see Ho et al., 2006 and de Kruijf et
al., 2009). Recombinant human CXCL8 and human α-CXCL8 (antibody directed against
CXCL8) were supplied by R&D Systems Europe Ltd. (Abingdon, United Kingdom). LPS,
fMLP, pertussis toxin (PTX) and propidium iodide (PI) were purchased from Sigma Aldrich
Chemie BV (Zwijndrecht, the Netherlands). The human CXCL8 ELISA kit was from BD
Biosciences (Alphen a/d Rijn, the Netherlands). NH4Cl, KHCO3, EDTA (Triplex III) and
trisodium citrate dihydrate were purchased from Merck KGaA (Darmstadt, Germany).
Fluo-3AM (1 mM solution in DMSO) and probenecid (water soluble) were obtained from
Molecular Probes, Invitrogen (Breda, the Netherlands). Ficoll-Paque™ PLUS was
purchased from GE Healthcare (Eindhoven, the Netherlands). Heparin was purchased from
LEO-Pharma (5,000 IU/ml; Weesp, the Netherlands). PBS and Roswell Park Memorial
Institute (RPMI) 1640 medium (without L-glutamine and phenol red) were obtained from
Lonza Verviers SPRL (Verviers, Belgium). FBS was from Perbio Science Nederland BV
(Etten-Leur, the Netherlands).

2.2. Isolation of human polymorphonuclear leukocytes
Human polymorphonuclear leukocytes (PMNs) were isolated from fresh whole blood, for
which donors signed written consent forms, or from buffy coats, which were purchased from
Sanquin Blood Bank (Amsterdam, The Netherlands). The PMNs were obtained by
centrifugation on Ficoll-Paque™ PLUS (density: 1.077 g/ml), followed by hypotonic lysis
of erythrocytes with sterile lysis buffer (0.15 M NH4Cl, 0.01 M KHCO3 and 0.1 mM EDTA,
pH at 4 °C is 7.4). After lysis, the PMNs were washed with PBS and finally resuspended in
RPMI 1640 medium (without L-glutamine and phenol red) supplemented with 1% heat-
inactivated FBS.

Resulting PMN preparations consisted of approximately 95–97% PMNs, based on PMNs
physical parameters analyzed by flow cytometry and CD16 expression. The preparations
were negative for CD14, meaning that the preparations did not contain monocytes.

2.3. Cell viability
Cell viability was determined by monitoring the fluorescence enhancement of PI in PMNs.
This fluorescent probe can only cross the plasma membrane of non-viable cells, after which
the fluorescence of this probe is enhanced 20- to 30-fold due to nucleic acid binding. PMNs
were incubated for several time points with indicated reagents. After incubation, cells were
washed with PBS and resuspended in 300 µl RPMI 1640 medium (without L-glutamine and
phenol red) supplemented 1% heat-inactivated FBS and loaded with 3 µl PI (0.5 mg/ml). PI
fluorescence was monitored in the FL2 channel using a BD FACSCalibur Flow Cytometer
with CellQuest Pro Software (version 5.2.1.).

2.4. CXCL8 ELISA
Buffy coat isolated PMNs (105 cells/well) were incubated for several time points with
indicated reagents. After incubation, the supernatants were collected and CXCL8 levels
were measured using a human CXCL8 ELISA kit according to manufacturer's instructions.

2.5. Chemotaxis assay
The chemotaxis assay was performed as previously described by Weathington et al. (2006).
Briefly, indicated reagents were placed in the bottom wells of a 3-µm 96-well polycarbonate
filter plate (Millipore BV, Amsterdam, the Netherlands) in RPMI 1640 medium (without L-
glutamine and phenol red) supplemented with 1% heat-inactivated FBS. 2 × 105 PMNs,
isolated from fresh whole blood, were added to the top portion. The plate was incubated for
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one hour at 37 °C in 5% CO2. After removing the upper portion, the cells in each bottom
well were counted for 30 s using a BD FACSCalibur Flow Cytometer with CellQuest Pro
Software (version 5.2.1.). Data were standardized to a chemotactic index (= cells per well
migrating to chemo-attractant/cells per well migrating to medium).

2.6. Calcium mobilization assay
PMNs, isolated from fresh whole blood, were resuspended in RPMI 1640 medium (without
L-glutamine and phenol red) supplemented with 1% heat-inactivated FBS. The cells were
loaded with the fluorescent dye FLUO-3AM (1 µM) by incubating the cells for 20 min at
room temperature in the presence of 2.5 mM probenecid under gentle agitation. After
washing with PBS, the cells were resuspended to a concentration of 106 cells/ml. For each
measurement, a baseline was obtained, after which the cells were stimulated with the
indicated reagents. The calcium mobilization was measured using a BD FACSCalibur Flow
Cytometer with CellQuest Pro Software (version 5.2.1.) and analyzed using the program
FCS Press (version 1.4 b).

2.7. Statistical analyses
For all statistical analyses, GraphPad Prism version 4.0 was used. One-tailed Student t-tests
were used for comparing two groups. For comparing three or more groups, the data were
analyzed using a one-way ANOVA followed by Tukey post hoc analysis. Data were
considered significant at P<0.05. All results are expressed as means±S.E.M.

3. Results
3.1. N-ac-PGP dose dependently induces chemotaxis of PMNs via a PTX sensitive G
protein-coupled receptor and a calcium influx in vitro

A transwell chemotaxis system was used to evaluate the chemotactic effect of N-ac-PGP on
PMNs from fresh human whole blood. After one hour incubation, the migration of PMNs to
the lower chamber was quantified and standardized to a chemotactic index. Collagen
fragment N-ac-PGP (10−7–3 × 10−3 M) was dose dependently chemotactic for PMNs (Fig.
1A), whereas PGG (3 × 10−3 M) was not.

The chemo-attractant CXCL8 initiates its biological activity by binding to G protein-coupled
receptors CXCR1 and CXCR2, leading to the mobilization of cytosolic calcium and
ultimately to the migration of the cell to the site of inflammation (Henson and Vandivier,
2006; Weinberger et al., 2005). Therefore, we hypothesized that N-ac-PGP, resembling
CXCL8, was able to induce neutrophilic migration via G protein-coupled receptors and
instantly increase cytosolic calcium in PMNs, which is a measure of cell activation.

To assess the role of G protein-coupled receptors in N-ac-PGP induced chemotaxis, the
effect of pertussis toxin (PTX) was investigated. Fig. 1B shows that pre-incubation of PMNs
for 1.5 h with 500 ng/ml PTX completely abolished neutrophil migration by N-ac-PGP and
CXCL8. Fig. 1C shows that N-ac-PGP (10−4 M–3 × 10−3 M) dose dependently induced an
instant calcium influx. PMN stimulation with 3 × 10−3 M PGG did not lead to calcium
mobilization, whereas 50 ng/ml CXCL8 stimulation resulted in an increase in cytosolic
calcium.

To evaluate the role of G protein-coupled CXCR2 in N-ac-PGP induced neutrophilic
chemotaxis, PMNs were pre-incubated with the CXCR2 antagonist Compound 1 for 45 min
after which the chemotaxis assay was performed. As shown in Fig. 1D, N-ac-PGP (3 × 10−3

M) and CXCL8 (10 ng/ml) induced a chemotactic response, which could be attenuated for
both chemo-attractants due to incubation with Compound 1.
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These data demonstrate that N-ac-PGP instantly activates the PMNs via PTX sensitive G
protein-coupled receptors and that blockade of CXCR2 receptors resulted in a complete
inhibition of the chemotactic response to N-ac-PGP.

3.2. PMNs release CXCL8 upon activation with collagen fragment N-ac-PGP
Early in inflammation, neutrophils migrate from the capillary into the interstitial space,
following a chemotactic gradient of CXCL8 (Henson and Vandivier, 2006). At the site of
inflammation, neutrophils are activated by stimulants released by macrophages, such as
CXCL8 and leukotriene B4 (Barnes, 2004; Barnes et al., 2003). Upon activation, neutrophils
release CXCL8, leading to a self-perpetuating inflammatory state where neutrophils attract
more neutrophils via CXCR1 and CXCR2 (Bazzoni et al., 1991; Kobayashi, 2008; Mukaida,
2003). This led to the hypothesis that N-ac-PGP, formed after collagen breakdown and
working via the same mechanism as CXCL8, activates the neutrophil to synthesize CXCL8,
acting in an autocrine/paracrine fashion.

To examine this hypothesis, PMNs were incubated with N-ac-PGP for different time points
from one to eight hours. Fig. 2A and B show that stimulation of PMNs with increasing
concentrations of N-ac-PGP results in CXCL8 release by these cells at all time points.
Significant amounts were produced after stimulation of the cells with 10−3 M–3 × 10−3 M
N-ac-PGP. Incubation with 3 × 10−3 M PGG did not lead to a CXCL8 release, whereas 1 µg/
ml LPS exposure did.

Cell viability was assessed by flow cytometry by staining the cells with propidium iodide
after different incubation time periods with N-ac-PGP, PGG or LPS (Table 1). At all time
points, there were no significant differences between cells incubated with medium or cells
incubated with 3 × 10−3 M PGG or 10−7 M–3 × 10−3 M N-ac-PGP. These results indicate
that N-ac-PGP treatment does not negatively influence cell viability.

N-ac-PGP activated the neutrophil to release CXCL8 and CXCL8 itself works via CXCR1
and CXCR2 on the neutrophil. This led to the suggestion that not N-ac-PGP but CXCL8
released after N-ac-PGP exposure was responsible for effects seen on neutrophil chemotaxis
and calcium mobilization. To determine whether N-ac-PGP exerts these effects directly or
indirectly on the neutrophil, calcium influx assays and chemotaxis studies in the presence an
antibody against CXCL8, α-CXCL8, were conducted.

3.3. Antibodies directed against CXCL8 do not inhibit N-ac-PGP-induced calcium
mobilization in PMNs

To investigate if N-ac-PGP directly activates PMNs with or without intervention of released
CXCL8, a calcium mobilization assay was performed. Prior to stimulation with the indicated
reagents, α-CXCL8 was added to the PMNs to capture spontaneously released CXCL8. The
cells were stimulated with 20 ng/ml CXCL8 or 3 × 10−3 M N-ac-PGP (Fig. 3). At lower
concentrations, the α-CXCL8 antibody blocked the CXCL8-induced calcium influx
partially, whereas at higher concentrations of the antibody, it blocked the mobilization
completely. However, the antibody did not inhibit the calcium response generated upon N-
ac-PGP stimulation, indicating that CXCL8 released by PMNs after N-ac-PGP exposure was
not responsible for the observed instant calcium mobilization in PMNs.

3.4. CXCL8 is not responsible for N-ac-PGP induced chemotaxis in vitro
To determine if N-ac-PGP was solely responsible for the migration of neutrophils or
whether CXCL8 released by these cells upon stimulation was contributing to migratory
signals, cells were incubated with α-CXCL8 antibody for one hour at 37 °C in 5% CO2.
Subsequently, the chemotaxis assay was performed. N-ac-PGP (3 × 10−3 M) and CXCL8
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(10 ng/ml) induced a chemotactic response, as shown in Fig. 4. The CXCL8 induced
chemotaxis was attenuated after α-CXCL8 antibody incubation, whereas the chemotactic
effect of N-ac-PGP was not affected.

As shown in Fig. 2A, LPS activation led to a significant CXCL8 release from PMNs. To
determine whether LPS was able to induce chemotaxis via CXCL8 release, the chemotaxis
assay was performed. Fig. 5 shows no chemotactic effect for LPS on PMNs. At higher
concentrations of LPS, there was even a significant reduction in basal chemotactic activity,
possibly due to overstimulation of the cell, leading to cell death (Table 1). These data
support the findings that N-ac-PGP directly activates the PMN, without intervention of
released CXCL8.

4. Discussion
In this report, we showed that N-ac-PGP is chemotactic for neutrophils via pertussis toxin
sensitive Gi/o proteins and that this tripeptide can directly activate this cell type, leading to
cytosolic calcium mobilization and the release of CXCL8. However, this CXCL8 release is
not involved in the observed chemotactic effects of N-ac-PGP in vitro, because studies using
an antibody directed against CXCL8 demonstrated that the released CXCL8 is not
responsible for the N-ac-PGP induced chemotaxis and calcium influx. CXCL8 is one of the
most prominent chemokines found in neutrophilic inflammatory diseases, such as COPD.
The levels of this chemokine are increased in sputum of COPD patients and correlate with
the increased number of neutrophils found in the lungs (Barnes, 2004). These levels further
increase during exacerbation of this disease, leading to increased numbers of neutrophils in
the lungs (Barnes, 2004). However, antagonizing CXCL8 with an α-CXCL8 antibody, and
blocking leukotrienes, such as leukotriene B4, with an antagonist incompletely prevents
neutrophil chemotaxis in COPD patients (Beeh et al., 2003). This suggests that other
unidentified chemo-attractants are involved in neutrophil migration in COPD.

During inflammation, mediator release from inflammatory cells such as neutrophils and
macrophages leads to extracellular matrix break-down and subsequently, to the formation of
collagen fragments (Henson and Vandivier, 2006; Stamenkovic, 2003). Some of these
fragments can have chemotactic properties, as described in several reports (Haddox et al.,
1999; Laskin et al., 1986; Pfister et al., 1993; Weinberger et al., 2005). One of the most
potent collagen fragments with chemotactic properties is N-ac-PGP. This tripeptide was first
identified in a rabbit model investigating alkali injury to the cornea (Pfister et al., 1995).
Moreover, this collagen fragment can attract neutrophils to the lung, leading to lung damage
(Weathington et al., 2006), and has been found in patients suffering from COPD (O'Reilly et
al., 2009; Weathington et al., 2006) and cystic fibrosis (Gaggar et al., 2008). In these
diseases, neutrophils secrete proteases, including neutrophil elastase and matrix
metalloproteinases, such as MMP-8 and MMP-9 (Barnes, 2004; Downey et al., 2009).
Proteolytic cleavage of alveolar collagen by MMPs and prolyl endopeptidase and
subsequent acetylation, generates N-ac-PGP (Gaggar et al., 2008; O'Reilly et al., 2009),
thereby presumably prolonging the influx of neutrophils (Henson and Vandivier, 2006).

In the present study, we demonstrated that N-ac-PGP has pro-inflammatory properties.
Consistent with previous studies (Pfister et al., 1995; Weathington et al., 2006), we found
that N-ac-PGP was chemotactic for the neutrophil in vitro. Concentrations in the millimolar
range of N-ac-PGP were used, which were in a similar range as the concentrations used for
chemotaxis and polarization assays by other groups (Haddox et al., 1999; Pfister et al.,
1995). Moreover, as shown in Table 1, these concentrations did not induce cell death.
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The concentrations of N-ac-PGP and CXCL8 have been measured separately in several
COPD and cystic fibrosis patient studies and, to our knowledge, there are no reports in
which both CXCL8 and N-ac-PGP were measured using human disease material. However,
the levels of both N-ac-PGP and CXCL1 (KC; keratinocyte cell-derived chemokine, a
CXCL8 homologue in mice) have been measured in a murine model where A/J mice were
exposed to cigarette smoke for five months (Braber et al., 2011). After this exposure,
emphysema-like characteristics such as alveolar enlargement and heart hypertrophy were
detected. This lung tissue degradation was also reflected by the levels of N-ac-PGP in the
bronchoalveolar lavage fluid, which increased after 5 months smoke from 0.06 ng/ml to 12.4
ng/ml (Braber et al., 2011), whereas the concentration of CXCL1 was approximately 0.02
ng/ml (Braber, personal communication). Moreover, Weathington et al. showed in a murine
study using BALB/c mice that the N-ac-PGP level was more than 30 times higher than the
level of CXCL1 12 hours after LPS aerosolization (Weathington et al., 2006). From these
murine studies it can be concluded that the concentrations of N-ac-PGP and the CXCL8
homologue are physiologically relevant and that both chemo-attractants play an important
role in the pathology of neutrophilic diseases, such as COPD. In addition, the N-ac-PGP
concentrations measured in bronchoalveolar lavage fluid may not be representative for the
possible higher concentrations in the tissues, which was not assessed in these reports.

N-ac-PGP induced chemotaxis via pertussis toxin sensitive G proteins and mobilization of
cytosolic calcium by a similar mechanism as other chemo-attractants such as fMLP (Krause
et al., 1990; Moreno et al., 2005; Weinberger et al., 2005) and CXCL8 (Moreno et al., 2005;
Weinberger et al., 2005; Zeilhofer and Schorr, 2000). Pre-incubation of the PMNs with 500
ng/ml PTX, a specific inhibitor of Gi/o type G proteins, completely abolished the N-ac-PGP
induced migration, without affecting the cell viability. As expected, chemotaxis induced by
CXCL8 was also decreased by pre-incubating PMNs with PTX. Moreover, pre-incubation of
neutrophils with CXCR2 antagonist Compound 1 attenuated the chemotactic effect of N-ac-
PGP and CXCL8, demonstrating a role for CXCR2 in the chemotaxis induced by these
chemo-attractants. N-ac-PGP may resemble CXCL8 in initiating the classical pathway in
which its binding to G protein-coupled receptors or other membrane-bound proteins
ultimately leads to the release of calcium from the endoplasmatic reticulum into the cytosol.
This calcium mobilization is required for processes such as chemotaxis (Malbon, 2005;
Stillie et al., 2009; Zeilhofer and Schorr, 2000).

Previously, we have proposed in collaboration with De Kruijf and colleagues that N-ac-PGP
may interact indirectly with CXCR1 and CXCR2 via the release of chemokines, known to
bind these receptors, or through activation of other receptors on the neutrophil to induce
chemotaxis, since the peptide was unable to activate G-protein dependent and G-protein
independent signaling and unsuccessful in displacing the radioligands [125I]CXCL8 and
[3H]-SB265610 from CXCR1 and CXCR2 expressing HEK293T cells or neutrophils (de
Kruijf et al., 2010).

In this report we demonstrated that N-ac-PGP driven chemotaxis for neutrophils is pertussis
toxin sensitive. In addition, we showed that N-ac-PGP directly induces calcium
mobilization. Moreover, we performed a chemotaxis assay using L1.2 cells transiently
expressing CXCR2. These L1.2 cells did not show any chemotactic response upon exposure
to N-ac-PGP, while CXCL8 did (Suppl. Fig. 1). These data indicate that N-ac-PGP is able to
activate signaling in neutrophils, which is not apparent in HEK293T or L1.2 B cells. The
effect of N-ac-PGP appears therefore cell type dependent and the results of CXCR signaling
studies performed on HEK293T cells, L1.2 B cells or neutrophils may therefore differ in
outcome.
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Moreover, it is possible that N-ac-PGP-induced chemotaxis is mediated through a
phosphatidylinositol 3-kinase-γ-independent pathway (Stillie et al., 2009). CXCL8-induced
chemotaxis is mediated through phosphatidylinositol 3-kinase-γ-independent and -
dependent pathways. In the phosphatidylinositol 3-kinase-γ-independent pathway,
phospholipase C is activated, which in turn produces inositol trisphosphate, leading
ultimately to calcium mobilization from non-mitochondrial stores (Stillie et al., 2009).
However, calcium mobilization can also be induced via inositol trisphosphate independent
signal transduction pathways, such as via the activation of store-operated channels. These
channels are activated by depletion of calcium stores through the calcium influx factor-
calcium-independent phospholipase A2 mechanism (Bolotina, 2004). It may be possible that
N-ac-PGP and CXCL8 induce chemotaxis through different signal transduction pathways.

Here we report that neutrophils release CXCL8 upon activation with N-ac-PGP. In order to
establish whether the released CXCL8 were responsible for the observed N-ac-PGP effects
in vitro, PMNs were incubated with α-CXCL8 antibody prior to calcium mobilization
measurement and chemotaxis. This incubation with the antibody did not result in a change in
N-ac-PGP induced calcium mobilization or chemotaxis, even when high concentrations of
α-CXCL8 antibody were used. In contrast, α-CXCL8 antibody attenuated the CXCL8-
induced calcium influx and chemotactic effect. Therefore, it can be concluded that the
released CXCL8 by neutrophils was not responsible for the observed N-ac-PGP activating
and chemotactic effects. Although N-ac-PGP induces CXCL8-independent chemotaxis of
neutrophils, it can be hypothesized that N-ac-PGP may interact with other membrane bound
proteins as is described for MIF and CD74-CXCR2 and CD74-CXCR4 (Schwartz et al.,
2009) or that N-ac-PGP induces the release of other chemokines known to bind to CXCRs
(Barnes, 2010). In addition, N-ac-PGP may act indirectly on the CXCR by activating the
growth factor receptor tyrosine kinase, thereby inducing the transactivation of G protein-
coupled receptors (Delcourt et al., 2007).

Neutrophilic CXCL8 release induced by N-ac-PGP may lead in the long term to a self-
perpetuating situation where neutrophils can attract and activate more neutrophils via
CXCR1 and CXCR2. In our studies, differences in CXCL8 release and chemotactic
properties between N-ac-PGP-stimulated and unstimulated PMNs were measured within one
hour. Although CXCL8 is not stored in neutrophils (Mukaida, 2003), we presume that
isolation from blood already activates the neutrophil (Glasser and Fiederlein, 1990) to
synthesize CXCL8. After stimulation with an activator, such as N-ac-PGP or LPS, CXCL8
release can then be induced from PMNs.

Finally, our data indicate that besides chemotaxis, N-ac-PGP stimulates the neutrophils to
release CXCL8, which in vivo may lead to a self-perpetuating situation where N-ac-PGP
and CXCL8 work in concert, leading to enhanced neutrophil inflammation and lung
inflammation.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
N-ac-PGP induces chemotaxis of PMNs via PTX sensitive G protein-coupled receptor
CXCR2 and a calcium influx in vitro. (A) N-ac-PGP (10−7–3 × 10−3 M) induces chemotaxis
in PMNs (***, P<0.001 N-ac-PGP vs. control), whereas PGG (3 × 10−3 M) is not
chemotactic. CXCL8 (10 ng/ml) was tested as a positive control (^^^, P<0.001 CXCL8 vs.
control). (B) Freshly isolated PMNs were incubated with medium or pertussis toxin (PTX;
500 ng/ml) for 90 minutes at 37 °C in 5% CO2. Subsequently, the chemotaxis assay was
performed. N-ac-PGP (10−4–3 × 10−3 M) induces chemotaxis in PMNs pre-incubated with
medium (black bars; ***, P<0.001 N-ac-PGP vs. control). This migration is completely
inhibited in PMNs pre-incubated with PTX (white bars; +++, P<0.001 N-ac-PGP vs. PTX N-
ac-PGP), which is not significantly different from PTX control level. Chemotaxis induced
by CXCL8 (10 ng/ml; ^^^, P<0.001 CXCL8 vs. control) can be decreased by pre-incubating
PMNs with PTX (xxx, P<0.001 CXCL8 vs. PTX CXCL8). (C) 2.25 × 105 freshly isolated
PMNs were loaded with FLUO-3AM. For each measurement, a baseline for 15 seconds was
obtained, after which the cells were stimulated with medium, N-ac-PGP (10−4–3 × 10−3 M),
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PGG (3 × 10−3 M), or CXCL8 (50 ng/ml). N-ac-PGP dose dependently induces an instant
calcium influx (lower panel Fig. 1C). Medium control and PGG were used as negative
controls and CXCL8 was used as positive controls (upper panel Fig. 1C). (D) Prior to
chemotaxis, cells were pre-incubated with medium or CXCR2-antagonist Compound 1 for
45 min at 37 °C. N-ac-PGP and CXCL8 induce chemotaxis in PMNs pre-incubated with
medium (**, P<0.01; ***, P<0.001 control vs. N-ac-PGP control or CXCL8 control). For
both chemo-attractants, this migration is decreased in PMNs pre-incubated with CXCR2-
antagonist Compound 1 (##, P<0.001 N-ac-PGP control vs. Compound 1 N-ac-PGP; ##,
P<0.01; CXCL8 control vs. Compound 1 CXCL8).
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Fig. 2.
N-ac-PGP induces the release of CXCL8. (A) 105 freshly isolated PMNs were stimulated for
1 hour with N-ac-PGP (10−4–3 × 10−3 M), PGG (3 × 10−3 M) or LPS (1 µg/mL). A CXCL8
ELISA was performed on the supernatants. N-ac-PGP induced the release of CXCL8 from
fresh cells within an hour (**P<0.01; ***/^^^, P<0.001 vs. control). (B) 105 buffy coat
isolated neutrophils were stimulated for 2, 4, 6 and 8 h with N-ac-PGP (10−7–3 × 10−3 M),
PGG (3 × 10−3 M) or LPS (1 µg/mL). N-ac-PGP (10−3 M and 3 × 10−3 M) induced the
release of CXCL8 from fresh cells for all measured time points (**, P<0.01; ***, P<0.001
N-ac-PGP vs. control). PGG was negative for all time points, whereas LPS was positive for
all time points. Only the concentrations 3 × 10−4–3 × 10−3 M are shown here; the cells
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stimulated with lower concentrations N-ac-PGP did not release more CXCL8 than the
control cells.
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Fig. 3.
Antibody directed against CXCL8 does not block N-ac-PGP-induced calcium mobilization
in PMNs. 2.25 × 105 freshly isolated PMNs were loaded with FLUO-3AM. Before
measuring, medium (A–C and E) or α-CXCL8 (D and F–I) was added to the cells. After 20
s baseline measurement, the cells were stimulated with medium (A), N-ac-PGP (3 × 10−3 M;
C and D) CXCL8 (20 ng/ml; E–I) or α-CXCL8 (10 µg/ml; B). The antibody α-CXCL8 does
not stimulate the PMN to release calcium into the cytosol (B). N-ac-PGP (C) and CXCL8
(E) induce calcium mobilization. The N-ac-PGP induced calcium mobilization was not
influenced by α-CXCL8 incubation (D), whereas the influx induced by CXCL8 could be
attenuated dose dependently by α-CXCL8 incubation (0.1–50 µg/ml; F–I).
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Fig. 4.
CXCL8 is not responsible for N-ac-PGP induced chemotaxis in vitro. 2 × 105 freshly
isolated neutrophils were incubated for one hour at 37 °C with various concentrations of α-
CXCL8 (0.01–10 µg/ml). The cells were placed in the top well and the chemo-attractant (N-
ac-PGP; 3 × 10−3 M or CXCL8; 10 ng/ml) was present in the bottom well of a 96-wells
Millipore Filtration Plate System. After one hour incubation at 37 °C, the cells were counted
with FACS. CXCL8 (A) and N-ac-PGP (B) induce chemotaxis in PMNs (***, P<0.001 vs.
control). The chemotaxis induced by N-ac-PGP is not inhibited by α-CXCL8 (B), whereas
incubation of the PMNs with the antibody resulted in a complete inhibition of the CXCL8
induced chemotaxis (A) (^^^, P<0.001 α-CXCL vs. CXCL8).
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Fig. 5.
LPS is not chemotactic for PMNs in vitro. 2 × 105 freshly isolated neutrophils were placed
in the top well and the chemo-attractant was present in the bottom well of a 96-wells
Millipore Filtration Plate System. After one hour incubation at 37 °C in 5% CO2, the cells
from each bottom well were counted. Data were standardized to a chemotactic index. LPS
did not induce chemotaxis in PMNs. Concentrations from 100 ng/ml to 100 µg/ml led to a
significantly lower chemotactic index, possibly due to cell death by overstimulation (*,
P<0.05; **, P<0.01; ***/^^^, P<0.001 LPS/CXCL8 vs. control).
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