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Abstract
Inhalation of allergens can result in mast cell degranulation and release of granule contents, including
tryptase, in the lung. Injury to human pulmonary microvascular endothelial cells (HMVEC-L) can
also result in activation of the coagulation cascade and thrombin generation. We hypothesize that
these proteases activate calcium-independent phospholipase A2 (iPLA2), in HMVEC-L, leading to
the production of membrane phospholipids-derived inflammatory mediators. Both thrombin and
tryptase stimulation of HMVEC-L increased iPLA2 activity that was inhibited by pretreatment with
the iPLA2 selective inhibitor bromoenol lactone (BEL). Arachidonic acid and prostaglandin I2
(PGI2) release were also increased in tryptase and thrombin stimulated cells and inhibited by BEL
pretreatment. Pretreating the endothelial cells with AACOCF3 a cytosolic PLA2 inhibitor did not
inhibit tryptase or thrombin induced arachidonic acid and PGI2 release. In addition thrombin and
tryptase also increased HMVEC-L platelet activating factor (PAF) production that significantly
contributes to the recruitment and initial adherence of polymorphonuclear neutrophils (PMN) to the
endothelium. Tryptase or thrombin stimulated increase in PMN adherence to the endothelium was
inhibited by pretreatment of HMVEC-L with BEL or pretreatment of PMN with CV3988, a PAF
receptor specific antagonist. Collectively, these data support our hypothesis that iPLA2 activity is
responsible for membrane phospholipid hydrolysis in response to tryptase or thrombin stimulation
in HMVEC-L. Therefore selective inhibition of iPLA2 may be a pharmacological target to inhibit
the early inflammation in pulmonary vasculature that occurs as a consequence of mast cell
degranulation or acute lung injury.
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2. INTRODUCTION
Human pulmonary microvascular endothelial cells are subject to injurious stimuli both from
the environment and the circulation. A breach in the integrity of the endothelial barrier can
result in compromised vascular permeability and acute lung injury (Ware et al., 2000). The
increased morbidity and mortality associated with lung injury is due to widespread destruction
of the capillary endothelium, extravasation of protein rich fluid and interstitial edema. In
addition, the alveolar basement membrane is damaged, and fluid seeps into the airspaces,
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stiffening the lungs and causing ventilation-perfusion mismatch (Ware et al., 2000).
Neutrophils are central to the microvascular and tissue injury during acute phase of lung injury
(Doerschuk, 2001, Tate et al., 1983, Wagner et al., 1988) and infiltration of neutrophils into
the lung is facilitated by endothelial cell barrier dysfunction (Dull et al., 2002, Garcia et al.,
1998, Razavi et al., 2002).

Mast cells are found in the interstitium underlying the endothelial cells. Once the endothelial
barrier is compromised, activation of the interstitial mast cells can result in degranulation and
release of mediators that can cause stimulation of airway smooth muscle and increased mucous
gland secretion. If inflammation proceeds unchecked, these changes collectively result in
airway remodeling thereby compromising gas exchange (Carroll et al., 2002, Liu et al.,
1990).

Serine proteases such as thrombin and tryptase can activate protease activated receptors type
1 and 2 (PAR-1 and PAR-2) respectively on the endothelial cell surface. This leads to activation
of endothelial cell phospholipase A2. Increased platelet activating factor (PAF) production
following iPLA2 activation (Rastogi et al., 2007, Rickard et al., 2005)contribute to the
progression of inflammation by increasing vascular permeability and the expression of
endothelial cell surface adhesion molecules, which facilitate the adhesion and transmigration
of inflammatory cells across the endothelial cell monolayer.

The inhibition of specific PLA2 isoforms is potentially an effective therapy for several
inflammatory conditions and it has been actively explored for several years. Development of
a nebulized form of selective PLA2 inhibitors could therefore be beneficial in pulmonary
inflammation and have minimal systemic side effects. Use of these agents would inhibit the
production of several membrane phospholipids-derived metabolites that have a role in
inflammation, including prostaglandins and PAF.

3. MATERIALS AND METHODS
3.1 Materials

Human lung microvascular endothelial cells (HMVEC-L) were obtained from Lonza
(Walkersville, MD). Bromoenol lactone (BEL) was from Cayman Chemicals (Ann Arbor, MI),
Thrombin was obtained from Sigma (Saint Louis, MO) and rh skin β-tryptase was obtained
from Promega (Madison, WI). All other reagents were purchased from Sigma Chemical
Company (St. Louis, MO).

3.2 Culture of endothelial cells
HMVEC-L were grown to confluence in EGM-2MV media (Lonza) and incubated at 37°C,
with an atmosphere of 95% O2, 5% CO2. Cells were passaged using the subculture pack
(Lonza) in a 1:3 ratio. Cells from passage 3–4 were used for experiments.

3.3 Thrombin and tryptase stimulation
Human recombinant skin β-tryptase and thrombin were diluted with medium (iPLA2 assay,
arachidonic acid release, and neutrophil adhesion assay), or Hanks’ balanced salt solution (PAF
production) to the working concentration. Tryptase or thrombin was added to the cell culture
plate, and the plate was gently rotated to ensure thorough mixing and even distribution of
tryptase or thrombin on the HMVEC-L monolayer.

3.4 Phospholipase A2 activity
Cells were grown to confluence in 100 mm culture dishes. At the end of each incubation period,
media was removed and immediately replaced with ice cold buffer containing (mmol/l): 250
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sucrose, 10 KCl, 10 imidazole, 5 EDTA, 2 dithiothreitol, with 10% glycerol (pH=7.8). The
cells were removed from the tissue culture plate by scraping and the suspension was sonicated
on ice for 6 bursts of 10 seconds. For separating the cells into membrane and cytosolic fractions,
the sonicate was centrifuged at 14,000 g for 10 minutes. The supernatant was centrifuged at
100,000 g for 60 minutes to separate the membrane fraction (pellet) from the cytosolic fraction
(supernatant). PLA2 activity was assessed by incubating enzyme (200 µg cellular protein or
8µg membrane protein) with 100 µM (16:0; [3H] 18:1) plasmenylcholine substrate (specific
activity approximately 150 dpm/pmol) in assay buffer containing 10mM Tris, 10% glycerol,
4mM EGTA, pH = 7.0 at 37°C for 5 minutes in a total volume of 200µl. Reactions were initiated
by adding the radiolabeled phospholipid substrate as a concentrated stock solution in ethanol.
Reactions were terminated by the addition of 100µl butanol. The radiolabeled fatty acid
released in the above reaction was isolated by application of 25µl of the butanol phase to
channeled Silica Gel G plates and then developed in petroleum ether/diethyl ether/acetic acid
(70/30/1,v/v/v). Results were quantified by liquid scintillation spectrometry and normalized
for protein content in each sample.

3.5 Arachidonic acid release
HMVEC-L were grown to confluence in 35 mm tissue culture dishes. Arachidonic acid release
was determined by measuring [3H] arachidonic acid released into the surrounding medium
from HMVEC-L prelabeled with 1 µCi of [3H] arachidonic acid (specific activity 100 Ci/mmol;
Perkin-Elmer Life Sciences, Boston, MA) per culture dish for 18 h. HMVEC-L were washed
three times with HEPES buffer containing (in mmol/l) 133.5 NaCl, 4.8 KCl, 1.2 CaCl2, 1.2
MgCl2, 1.2 KH2PO4, 10 HEPES (pH 7.4), 10 glucose, and 0.36% bovine serum albumin and
incubated at 37°C for 15 min before experimental conditions. At the end of the stimulation
period, the surrounding medium was transferred to a scintillation vial and the remaining cells
were lysed in 10% SDS and the lysate then transferred to a separate vial. Radioactivity in the
medium and cells was quantified by liquid scintillation spectrometry. Arachidonic acid
mobilized from cellular phospholipids was expressed as the percentage of total incorporated
radioactivity.

3.6 PGI2 release
HMVEC-L were grown to confluence in 16 mm tissue culture dishes. Cells were washed twice
with Hanks balanced salt solution (HBSS) containing (in mmol/l) 135 NaCl, 0.8 MgSO4, 10
HEPES (pH=7.6), 1.2 CaCl2, 5.4 KCl, 0.4 KH2PO4, 0.3 Na2HPO4, and 6.6 glucose. After
washing, 0.5 ml of HBSS with 0.36% bovine serum albumin was added to each culture well.
HMVEC-L were then stimulated with the appropriate tryptase and thrombin concentrations.
The surrounding buffer was removed from the HMVEC-L after selected time intervals and
PGI2 release was measured immediately using an immunoassay kit (R&D Systems,
Minneapolis, MN). The protein content for the HMVEC-L confluent monolayers was
determined in 3 representative cell culture wells and was assumed to be constant between wells
for each experiment.

3.7 Measurement of PAF production
HMVEC-L grown in 34-mm culture dishes (Corning) were washed twice with Hanks’ balanced
salt solution containing (in mM) 135 NaCl, 0.8 MgSO4, 10 HEPES (pH 7.4), 1.2 CaCl2, 5.4
KCl, 0.4 KH2PO4, 0.3 Na2HPO4, and 6.6 glucose. Cells were incubated with 10µCi [3H] acetic
acid/well for 20 min. After stimulation with tryptase or thrombin, lipids were extracted from
the cells using the method of Bligh and Dyer. The chloroform layer was concentrated by
evaporation under nitrogen, resuspended in 9:1 CHCl3/ CH3OH, applied to a silica gel 60 TLC
plate, and developed in chloroform-methanol-acetic acid-water (50:25:8:4 vol/vol/vol/vol).
The region corresponding to [3H]PAF was scraped, and radioactivity was quantified by liquid
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scintillation spectrometry. Loss of PAF during extraction and chromatography was corrected
by adding a known amount of [14C]PAF as an internal standard.

3.8 P-selectin and E-selectin cell surface expression assay
HMVEC- L were grown to confluence in 16 mm culture dishes. Cells were incubated with
tryptase (20ng/ml) in Hanks’ buffer for 10 and 30 minutes at 37°C in 95% O2, 5% CO2. At the
end of incubations, buffer was quickly removed and cells were immediately fixed with 1%
paraformaldehyde and incubated overnight at 4°C. Cells were then washed 3 times with PBS
and then blocked with TBST supplemented with 0.8% BSA (wt/vol) and 0.5% fish gelatin (wt/
vol) for 1 hour at room temperature. Appropriate primary antibody ( 1:50, Santa Cruz Biotech,
CA) was used before treatment with horseradish peroxidase-conjugated rabbit anti-goat
secondary antibody (1: 5000, Santa Cruz Biotech, CA). Subsequently, each well was incubated
in the dark with the 3,3’, 5,5’-tetramethyl-benzidine liquid substrate system for 30 min.
Reactions were stopped by the addition of sulfuric acid, and color development was measured
with a microtiter plate spectrophotometer at 450 nm.

3.9 Neutrophil adherence assay
Adult peripheral blood was collected (approved by Saint Louis University School of Medicine-
Institutional review board) in vials containing 3.8% sodium citrate, layered over
Polymorphprep (Axis-Shield, Oslo, Norway) and centrifuged at 500 × g for 30 min. The top
band at the sample/medium interface consisting of mononuclear cells and the lower band of
polymorphonuclear cells were removed and washed with Hanks buffer. Supernatant was
discarded and the cell pellet re-suspended with 3 ml of 0.2% NaCl and incubated for 3 minutes
at room temperature to lyse the red cells. Cells were again resuspended in Hanks, centrifuged
at 175 × g for 10 minutes at 4°C. Supernatant was removed and cells resuspended in Hanks
buffer. An aliquot was taken for a cell count utilizing a hemacytometer. HMVEC-L were grown
to confluence on a 12 -well plate, washed with Hanks buffer and respective stimulants /
inhibitors were added. CV3988 was added directly to the neutrophils when used. 500 µl of
neutrophils in suspension were added to each of the wells and incubated for 10 minutes at room
temperature. Media and unbound neutrophils were removed and discarded. Plates were washed
twice with Dulbecco’s Phosphate Buffered Saline (PBS). 1 ml of 0.2% Triton X-100 was added
to each well to lyse adherent neutrophils and HMVEC-L. Cell lysates were scraped from the
plate and transferred to an Eppendorf tube. A 500 µl aliquot of neutrophil suspension was added
to 500 µl of 0.2% Triton X-100 and used as the theoretical maximal binding sample. Samples
were sonicated (550 Sonic Dismembrator, Fisher Scientific, Pittsburgh, PA) for 10 seconds.
To measure neutrophil peroxidase activity, 400 µl of cell lysate was transferred to a glass tube
and 1 ml of PBS, 1.2 ml Hanks Buffer + BSA, 200 µl 3,3'-dimethyoxybenzidine, and 200 µl
of 0.05% H2O2 added and mix incubated for 15 min at room temperature. 200 µl of 1% sodium
azide (NaN3) was added to stop the reaction. The absorbance was then measured using a 4050
UV/Visible Spectrophotometer (Biochrom, Cambridge, England) at 450 nm.

3.10 Statistical analysis
Serial changes in within-group variables were analyzed by a repeated – measure analysis of
variance. For all of the studies in which the experimental protocol involved three or more
groups, data were analyzed using one-way ANOVA. Values are presented as means± SE. P-
values of <0.05 were considered statistically significant (shown as * or +); p-values of <0.01
were considered highly statistically significant (shown as ** or ++). StatMost (Dataxiom
Software Inc. Los Angeles, CA) software was used for all calculations.
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4. RESULTS
4.1 Effect of tryptase and thrombin stimulation on PLA2 activity

Our studies have shown that thrombin and tryptase activate endothelial cell calcium
independent phospholipase A2 (Rastogi et al., 2007, Rickard et al., 2005). Since HMVEC-L
has several unique features distinguishing it from other vascular endothelial beds (Horgan et
al., 1991, Six et al., 2000) we wanted to examine if tryptase and thrombin would also activate
iPLA2 in these cells. We treated HMVEC-L with tryptase (20ng/ml) or thrombin (0.1 IU/ml)
and measured PLA2 activity using (16:0; [3H] 18:1) plasmenylcholine as a substrate. EDTA
was added to the assay medium to chelate calcium and selectively measure the activity of
calcium independent PLA2 (iPLA2). As shown in Figure 1a incubation with tryptase resulted
in a rapid increase in iPLA2 activity that was maximal at 10 minutes and was followed by a
gradual decline to basal levels by 60 min. Stimulation of HMVEC-L with thrombin also showed
a rapid increase in iPLA2 activity by 2 minutes, which returned to unstimulated levels by 60
minutes (Figure 1b). Pretreatment of the cells with BEL (2µM, 10 min.) a selective iPLA2
inhibitor attenuated both tryptase and thrombin induced increase in iPLA2 activity. A slight
delay in iPLA2 activation with tryptase compared with thrombin stimulation may reflect a
difference in coupling of the enzyme to the receptors for thrombin and tryptase in HMVEC-
L.

4.2 Effect of tryptase and thrombin stimulation on arachidonic acid release
Activation of iPLA2 results in hydrolysis of cell membrane phospholipids, leading to increased
arachidonic acid release. We stimulated HMVEC-L with tryptase (20ng/ml) or with thrombin
(0.1 IU/ml) and measured arachidonic acid release over 60 minutes. Maximal increase in
arachidonic acid release from tryptase stimulated cells was seen at 30 minutes (Figure 2a) in
contrast to thrombin (0.1 IU/ml, Figure 2b) stimulated HMVEC-L where a maximal response
was seen by 10 minutes. The increase in arachidonic acid release from HMVEC-L stimulated
with thrombin or tryptase was completely inhibited by pretreatment with BEL (2µM, 10 min.),
further supporting the involvement of iPLA2 (Figure 2). Pretreatment of the cells with
AACOCF3 (2µM, 10 min.) a cytosolic PLA2 inhibitor does not cause any significant change
in both tryptase or thrombin stimulated arachidonic acid release. This suggests that in the early
phase of response to thrombin or tryptase stimulation endothelial cell iPLA2 plays a major role.

4.3 Effect of tryptase and thrombin stimulation on prostaglandin I2 production
To determine whether arachidonic acid liberated from membrane phospholipids is further
metabolized by cyclooxygenase enzymes, resulting in release of prostaglandin I2 from
HMVEC-L monolayers, we measured PGI2 production in response to tryptase and thrombin
stimulation. We observed a dose and time dependent increase in PGI2 release with both
thrombin and tryptase (Figure 3). Pretreatment with BEL completely inhibited PGI2 release in
response to thrombin and tryptase stimulation (Figure 4). Incubation of the cells with
AACOCF3 (cytosolic PLA2 inhibitor) did not cause a significant change in the levels of
PGI2 release further supporting our findings that iPLA2 plays a major role in the early phase
of membrane phospholipid hydrolysis.

4.4 Effect of tryptase and thrombin stimulation on platelet activating factor production
PLA2 catalyzed release of arachidonic acid from cell membrane phospholipids is accompanied
by the stoichiometric production of lysophospholipids including lyso-PAF, which can be
rapidly acetylated to PAF. To determine whether PAF production in HMVEC-L is dependent
on iPLA2 activation, we measured PAF production at 10 and 30 min. after tryptase (Figure 5)
or thrombin (Figure 5) stimulation. Both agents resulted in a significant increase in PAF
production at 10 minutes. The PAF production remained elevated significantly even at 30
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minutes. The tryptase or thrombin induced PAF production was completely inhibited by BEL
pretreatment indicating that iPLA2 is also involved in PAF production.

4.5 Effect of tryptase and thrombin stimulation on neutrophil adherence
PAF expressed by endothelial cells binds to its cognate receptors on circulating inflammatory
cells, leading to neutrophil adherence to the endothelium (Ostrovsky et al., 1998). Because
tryptase and thrombin stimulation of HMVEC-L both lead to increased PAF production, we
determined whether these proteases promote adhesion of circulating neutrophils to the
endothelium. In addition, glycoproteins such as P and E selectins also participate in the initial
rolling and adhesion of neutrophils to the activated endothelium. Indeed stimulation of
HMVEC-L with tryptase resulted in 4.5 fold increase in P-selectin and 7.75 fold increase in
E-selectin expression by 30 min. on the endothelial cell surface allowing for the possibility of
increased adherence of inflammatory cells (Figure 6).

Neutrophils were isolated from peripheral human blood and incubated with a confluent
monolayer of HMVEC-L stimulated with either tryptase or thrombin. As shown in Figure 7,
tryptase stimulation of HMVEC-L monolayers results in a 3 fold increase in neutrophil
adherence over unstimulated HMVEC-L. Thrombin stimulation of the endothelial cell
monolayers also results in a 3.5 fold increase in neutrophil adherence. Pretreatment of the
HMVEC-L with BEL significantly inhibited neutrophil adherence after either tryptase or
thrombin stimulation. In addition, pretreatment of the neutrophils with CV3988 a PAF receptor
specific antagonist also inhibited neutrophil adherence to thrombin or tryptase stimulated
endothelium (Figure 7).

Taken together these data demonstrate that tryptase and thrombin can activate iPLA2 in
HMVEC-L leading to increased arachidonic acid and PGI2 release in conjunction with PAF
production and neutrophil adherence. All of these factors can collectively contribute to
pulmonary inflammation.

5. DISCUSSION
The pulmonary vascular bed has several properties distinguishing it from other systems. The
normal pulmonary circulation is a low pressure, high-flow vascular bed, accommodating the
entire cardiac output (Kuwano et al., 1993, Weibel, 1963). In response to an increase in cardiac
output, there is recruitment of underperfused microvessels and distension of patent vessels. In
addition, tone of the smooth muscle in the media of pulmonary arterioles is lower and the
smooth muscle coat of pulmonary resistance vessels is thinner than that of most systemic
vascular beds. As a result of obstructive pathological changes in the pulmonary vasculature,
such as thrombotic lesions, intimal fibrosis, there is an increase in pulmonary vascular
resistance and artery pressure (Vonk-Noordegraaf et al., 2005). However, due to the
distensibility and the large recruitment capacity of the pulmonary vascular bed the pulmonary
arterial pressures will rise much later in the course of obstruction. This outlines the necessity
of exploring other markers as potential predictors of injury to pulmonary microcirculation.

Inhalation of allergens in the airways leads to activation of mast cells via cross linking of IgE
receptors and their rapid degranulation. Inflammation is the initial response to lung injury
occurring secondary to mast cell degranulation or activation of the coagulation cascade. It is
characterized by release of numerous plasma membrane–derived mediators, including
metabolites of arachidonic acid, sphingomyelin, lysophospholipid, ceramide, and platelet-
activating factor (PAF) which contribute to the recruitment of macrophages, neutrophils,
lymphocytes, and eosinophils within the alveolar and interstitial compartment of the lung (Liu
et al., 1996).
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Thrombin is present in the plasma exudate during inflammation and activates the G-protein
coupled protease receptor receptor-1(PAR-1). It acts on aortic smooth muscle causing
vasoconstriction and increases pulmonary microvascular endothelial permeability (Garcia et
al., 1996, Horgan et al., 1991 a and b). It causes lung injury by increasing permeability of
alveolar epithelium and vascular endothelium resulting in extravasation of plasma proteins,
activation of the coagulation system, and deposition of fibrin clots in the alveolar spaces that
impairs gas exchange (Miller et al., 2002). Additionally thrombin can also affect cytokine
release and adhesion molecule expression (Senden et al., 1998). Thrombin serves as both a
pro- and anticoagulant molecule. Additionally it to play multifunctional roles related to
inflammation, allergy, tumor growth and metastasis, and wound healing (Coughlin SR,
2000, Cirino et al., 2000). While many actions of thrombin can be attributed to activation of
PAR1 (and possibly PAR-3 and PAR-4) it should be pointed out, however, that PAR1 does
not represent the only target for action of thrombin. Other non-PAR high-affinity binding sites,
such as those found on platelets, macrophages (Kudahl et al., 1991) and other conserved
thrombin sequences apart from the catalytic domain (Bar-Shavit et al., 1986, Steinhoff et al.,
2005) may also play a role in the cellular actions of thrombin in a variety of target tissues.

Tryptase, a serine protease released from mast cell granules in response to an allergen challenge
can activate protease activated receptor -2 (PAR-2) in a manner similar to thrombin activation
of PAR-1. Tryptase levels are elevated in the bronchoalveolar lavage (BAL) fluid from atopic
asthmatics compared with nonasthmatic controls at baseline and are significantly increased
shortly after antigen challenge in patients with allergic asthma (Jarjour et al., 1991). Tryptase
promotes human mast cell degranulation (He et al., 1998), induces eosinophil and neutrophil
migration, amplifies the bronchoconstrictor effects of histamine on lung tissue (Tam et al.,
1990) and stimulates the growth of airway fibroblasts, smooth muscle cells, and epithelial cells
(Cairns et al., 1996).

In our experiments, thrombin and tryptase stimulation of HMVEC-L increases iPLA2 activity
and release of membrane phospholipid metabolites including arachidonic acid that is rapidly
metabolized to prostagland I2. There are 3 classes of PLA2 namely secretory (sPLA2), cytosolic
(cPLA2) and calcium independent (iPLA2) that represent an expanding family of distinct
enzymes which coexist in mammalian cells and interact with each other (Meyer et al., 2005,
Six et al., 2000). The 2 crucial rate-limiting steps for PG synthesis are activation of PLA2 to
release arachidonic acid from membrane phospholipids and subsequent conversion of
arachidonic acid to the intermediate PG precursor PGH2. It remains unclear to date whether
distinct PLA2 isoforms are used specifically with each COX isoform in eicosanoid generation.
cPLA2α has been proposed to have a central role in immediate and delayed eicosanoid
production, primarily since cPLA2α knockout mice produce minimal eicosanoids in response
to stimuli (Fujishima et al., 1999).

The difference in the time course between iPLA2 activation and PAR-1 or PAR-2 stimulation
as observed in this study suggests that there may be a difference in receptor density or time of
receptor activation at the endothelial cell surface, or that there are differences in the intracellular
signaling pathways between activation of iPLA2 and receptor activation. Previous experiments
by our laboratory examining the signaling events linking PAR-1 to activation of iPLA2 have
demonstrated that a member of the novel protein kinase C (PKC) isoenzyme family (calcium-
independent, phorbol 12-myristate, 13-acetate dependent) mediates iPLA2 activation
following thrombin stimulation of the isolated membrane fraction. Activation of iPLA2
following thrombin stimulation could be the result of any combination of the following three
events: 1) direct phosphorylation of iPLA2 by PKC resulting in enhanced catalytic activity 2)
modulation of enzyme activity by protein-protein interactions mediated by PKC
phosphorylation of an iPLA2 regulatory protein or 3) targeted delivery of iPLA2 to membrane
domains enriched in arachidonylated plasmalogen phospholipids, the preferred substrate for
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HCAEC iPLA2 (Meyer et al., 2005). Such events have yet to be explored for tryptase mediated
activation of PAR-2.

In our study we noted that pretreatment with BEL completely inhibited PGI2 production.
Bromoenol lactone (BEL) appears to be the most isoform-specific inhibitor developed to date.
It demonstrates 100-fold selectivity for iPLA2 when compared to cPLA2 and sPLA2 isoforms
(Hazen et al., 1991). Our data using BEL pretreatment of HMVEC-L suggest that iPLA2 is
responsible for the production of arachidonic acid in the immediate response to thrombin and
tryptase. Pre-treatment of the endothelial cells with AACOCF3 did not have any effect on
PGI2 release. AACOCF3 is a tight-binding, reversible inhibitor that forms a stable hemiketal
with the active site serine residues in both cPLA2 and iPLA2 enzymes (Nagase et al., 2003).
Therefore it appears that iPLA2 and not cPLA2 is primarily responsible for the early phase of
prostaglandin generation in endothelial cells. Thus, it is possible that the PLA2 isoform
responsible for immediate PG production can depend on the cell type and the species studied
(Rastogi et al., 2007, Rickard et al., 2005).

HMVEC-L upon stimulation with either tryptase or thrombin produce platelet-activating factor
(PAF), a biologically active phospholipid which is then translocated to the plasma membranes
of endothelial cells where it mediates PMN adhesion by binding to its receptor on the PMN
(Ostrovsky et al., 1998, Riches et al., 1990). PAF also causes increased permeability and
pulmonary edema by inducing ceramide synthesis and cyclooxygenase activity (Göggel et al.,
2004). After production, PAF remains cell associated and assists in the tethering and migration
of circulating cells through the endothelium. The resultant injury is characterized by increased
pulmonary microvascular permeability, and sequestration of neutrophils, platelets, and fibrin
(Cooper, et al., 1984).

Additionally, treatment of HMVEC-L with tryptase leads to an upregulation of cell surface
adhesion molecules including P and E-selectin (data not shown). Selectins also play an
important role in the initial adherence of circulating neutrophils to the endothelium. P-selectin
is stored in Weibel-Palade bodies and rapidly expressed on the surface in response to tryptase
and thrombin stimulation (Epperson et al., 2000). It primarily binds to P-selectin glycoprotein
ligand-1 (PSGL-1) expressed on the neutrophil surface where it mediates their tethering and
adhesion (Xia et al., 2002). Additionally P-selectin can itself activate the endothelium and set
up a positive feedback loop. It is reported that P- selectin primes monocytes for increased
phagocytosis and induces the formation of tissue factor thus having a direct role in inflammtion.
P-selectin knockout mice demonstrate a prolonged bleeding time (Berger et al., 2003, Elstad
et al., 1995) and hearts from P-selectin KO mice when transplanted into wt mice showed
decreased graft neutrophil infiltration and increased graft survival (Xia et al., 2002). E-selectin
participates in the process of firm adhesion of neutrophils to activated endothelial layer (Smith
et al., 2004). E-selectin is expressed in the skin where it supports the recruitment of skin specifc
T-lymphocytes under baseline conditions (Keelan et al., 1994).

Subsequent to tryptase or thrombin induced PAF production we observed increase in neutrophil
adherence to the HMVEC-L. Neutrophils infiltrate the pulmonary interstitium in response to
an inflammatory stimulus and can additionally contribute to the generation of reactive oxygen
species and proteolytic enzymes. They serve to amplify and perpetuate the recruitment of other
leukocytes to the airspaces in certain diseases (Doherty et al., 1994). Neutrophils can also
generate leukotrienes from arachidonic acid and add to lung injury (Van Antwerpen et al.,
1993). In response to noxious stimuli neutrophils are induced to leave the pulmonary
vasculature, migrate through the lung interstitium, and ultimately accumulate in the airways.
This process involves a complex series of events including sequential changes in cell size and
stiffness, up-regulation of adhesion molecules, cytoskeletal rearrangement, and chemotaxis
(Rosengren et al., 1994, Worthen et al., 1994). Superoxide production induced by activation
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of neutrophils adherent to the vessel wall can cause endothelial injury leading to edema
formation. Pretreatment of the neutrophils with PAF receptor antagonist CV3988 significantly
reduced neutrophil adherence indicating the importance of PAF-PAF receptor interaction in
this process.

The data presented here demonstrate that thrombin and tryptase stimulation of HMVEC-L
activates iPLA2, resulting in increased production of arachidonic acid, PAF, and PGI2. that
may play a role in inflammation. Using both BEL and CV3988 a platelet activating factor
receptor (PTAFR) selective antagonist inhibits the neutrophil adherence to the endothelium.
This indicates that iPLA2 inhibition and/or platelet activating factor receptor antagonism may
be effective targets to limit pulmonary microvascular endothelial inflammation.
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Figure 1 a and b. Tryptase and thrombin induced iPLA2 activity in HMVEC-L
Calcium independent PLA2 activity was measured in HMVEC-L after stimulation with
tryptase (20ng/ml, Figure 1 a) or thrombin (0.1 IU/ml, Figure 1b) with or without pretreatment
with BEL (2µM, 10 min.). Data shown represent the mean ±SE for 4 independent
experiments.**p< 0.01 when comparing tryptase or thrombin stimulated values vs.
corresponding BEL pretreated samples.
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Figure 2 a and b. Tryptase and thrombin increased arachidonic acid release
Arachidonic acid release was measured in cells after stimulating with tryptase (20ng/ml, Figure
2a) or thrombin (0.1 IU/ml, Figure 2b) with or without pre-treatment with BEL (2µM,10min.),
for increasing time intervals. Cells were also pretreated with AACOCF3 (5µM, 10min.) prior
to tryptase stimulation. Results represent mean ± SE of 4 independent experiments. * and **
P< 0.05 and 0.01 respectively when compared to control cells. + p<0.05 and ++ p<0.01 when
compared to tryptase or thrombin treated cells respectively
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Figure 3. Dose dependent changes in PGI2 production in HMVEC-L
HMVEC-L were treated with tryptase (2, 20, 200 ng/ml) or thrombin (0.1, 0.5, 1.0 IU/ml ) for
upto 60 min. and PGI2 production was measured. Values represent mean ± SE for 4 separate
experiments. ** P< 0.01 when compared to control cells.
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Figure 4. PGI2 production increased in HMVEC-L
HMVEC-L were treated with tryptase (20 ng/ml, 10 min.) or thrombin (0.1 IU/ml, 10 min.).
PGI2 production was measured with or without pretreatment BEL (2µM, 10 min.), or
AACOCF3. (2µM, 10 min.) for 10 minutes. ** P< 0.01 when compared to control cells, ++
P<0.01 compared to tryptase or thrombin stimulated cells. Results represent mean ± SE of 4
separate experiments.
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Figure 5 a and b. PAF production increased in tryptase and thrombin stimulated HMVEC-L
Cells were incubated with tryptase (20ng/ml, Figure 4a) or thrombin (0.1IU/ml, Figure 4b) for
10 and 30 min. or left untreated. PAF production was measured with or without pretreatment
with BEL ( 2µM, 10 min). Data represent means ± SE for 4 separate experiments. * P < 0.05
and **P<0.01 compared with control. + P<0.05 and ++ P<0.01 compared to tryptase or
thrombin stimulated cells.
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Figure 6a. Tryptase increased cell surface expression of selectins
HMVEC-L were stimulated with tryptase (20ng/ml) and cell surface expressiob of P- and E-
selectin was measured at 10 and 30 min. Results represent mean ± SE from four separate
experiments. * P <0.05 and **P<0.01 when compared with control cells.
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Figure 7. Tryptase and thrombin induced neutrophil adherence
Neutrophil adherence was measured in tryptase (20ng/ml, 10 min.) or thrombin (0.1 IU/ml, 10
min.) treated HMVEC-L. Endothelial cells were pretreated with BEL (2µM,10min.). CV 3988
(10µM,10min.) was incubated directly with neutrophils to inhibit PAF receptor. ** P <0.01
compared to control cells, ++ P <0.01 when compared to tryptase or thrombin treated samples.
Results represent mean ± SEM of 3 separate experiments.
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