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The bacterial tripeptide formyl-Met-Leu-Phe (fMLP)
induces the secretion of enzyme(s) with phospholipase
A, (PLA,) activity from human neutrophils. We show
that circulating human neutrophils express groups V
and X sPLA, (GV and GX sPLA,) mRNA and contain GV
and GX sPLA, proteins, whereas GIB, GIIA, GIID, GIIE,
GIIF, GIII, and GXII sPLA,s are undetectable. GV sPLA,
is a component of both azurophilic and specific gran-
ules, whereas GX sPLA, is confined to azurophilic gran-
ules. Exposure to fMLP or opsonized zymosan results in
the release of GV but not GX sPLA, and most, if not all,
of the PLA, activity in the extracellular fluid of fMLP-
stimulated neutrophils is due to GV sPLA,. GV sPLA,
does not contribute to fMLP-stimulated leukotriene B,
production but may support the anti-bacterial proper-
ties of the neutrophil, because 10-100 ng per ml concen-
trations of this enzyme lead to Gram-negative bacterial
membrane phospholipid hydrolysis in the presence of
human serum. By use of a recently described and spe-
cific inhibitor of cytosolic PLA,-« (group IV PLA, o), we
show that this enzyme produces virtually all of the
arachidonic acid used for the biosynthesis of leuko-
triene B, in fMLP- and opsonized zymosan-stimulated
neutrophils, the major eicosanoid produced by these
pro-inflammatory cells.
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Neutrophils (polymorphonuclear leukocytes) are one of the
principal effector cells in the inflammatory response. Following
activation, neutrophils release a barrage of cytotoxic products,
such as reactive oxygen species, degradative enzymes, and
phospholipases, including phospholipase A, (PLA,)' (1-3).
PLA, enzymes catalyze the hydrolysis of phospholipids, yield-
ing free fatty acids and lysophospholipids. The identity of the
PLA, enzyme(s) that are contained in and secreted by human
neutrophils has not been defined.

A family of 10 secreted PLA, (sPLA,) enzymes has been
described in mammals that currently includes group (G) IB,
IIA, IIC, IID, IIE, ITF, III, V, X, and XII sPLA, (4, 5). sPLA,
enzymes exert biological effects through multiple mechanisms,
including the release of arachidonic acid, which may be metab-
olized to leukotrienes and prostaglandins (6, 7), bactericidal
activity via hydrolysis of the outer membrane of Gram-positive
bacteria (8, 9), and through binding to specific sPLA, receptors
(10-12). The different sPLA,s are not close isoforms of each
other because their amino acid sequences are ~30-50% iden-
tical among the paralogs. This plus the fact that the sPLA,
enzymes have distinct tissue distributions argue for different
physiological functions for each enzyme (5, 13). Thus, GIB
sPLA, has been identified in the pancreas and functions in
phospholipid digestion (14) but is also found in non-digestive
tissues, where its functions remain unknown (5). GIIA sPLA, is
expressed at high levels during inflammatory reactions (15, 16)
and, until recently (4, 5, 13), was thought to be the principal
sPLA, isoform in the immune system. Human GIIA sPLA,
mRNA has been identified in myocardium, skeletal muscle,
lung, liver, placenta, prostate, and the small and large intes-

! The abbreviations used are: PLA,, phospholipase A,; GIIA PLA,,
group ITA phospholipase A,; sPLA,, secretory phospholipase A,; cPLA,,
Ca®*-dependent cytosolic phospholipase A, (= group IV PLA,); cPLA,q,
cPLA,B and cPLA,v, «, B and vy isoforms of cPLA,; PMN, polymorpho-
nuclear leukocyte (neutrophil); MAFP, methylarachidonyl fluorophos-
phonate; PGE,, prostaglandin E,; FACS, fluorescence-activated cell
sorter; RT, reverse transcriptase; R-PE, rhodamine-phycoerythrin;
LTB,, leukotriene B,; FITC, fluorescein isothiocyanate; BPI, bactericid-
al/permeability-increasing protein; MPO, myeloperoxidase; NGAL,
neutrophil gelatinase-associated lipocalin; OZ, serum opsonized zymo-
san; BSA, bovine serum albumin; Tricine, N-[2-hydroxy-1,1-bis(hy-
droxymethyl)ethyllglycine; PVDF, polyvinylidene difluoride; h, human.
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tine but was not detected in peripheral blood leukocytes (17).
GIIC sPLA, is present in the mouse but appears as a pseudo
gene in humans (4). GIID sPLA, mRNA was detected in human
spleen, thymus, small intestine, colon, lung, pancreas, and
placenta (17, 18), whereas GIIE sPLA, expression in humans is
restricted to the brain, heart, lung, and placenta (19). mRNA
coding for GIIF sPLA, has been identified in many human
tissues, with the highest levels detected in the placenta, thy-
mus, prostate, testes, kidney, liver, and thyroid (17). GIII
sPLA,, which is homologous to bee venom PLA,, is expressed in
the pancreas, kidney, liver, lung, skeletal muscle, and myocar-
dium (17, 20). GV sPLA, has been identified in myocardium,
placenta, mast cells, and macrophages (21-24). Although GV
sPLA, was shown to contribute to platelet-activating factor-
mediated PGE, production by a murine macrophage-like cell
line (24), GV sPLA, mRNA was not identified in human pe-
ripheral blood leukocytes (17). GX sPLA, is expressed in organs
associated with the immune response (25) and induces cy-
clooxygenase-2-dependent PGE, synthesis by adherent mam-
malian cells (26-28). One study identified GX sPLA, mRNA in
peripheral blood leukocytes (25), whereas two others did not
(17, 29). Transcripts for GXII sPLA, were identified in multiple
tissues, including myocardium, skeletal muscle, kidney, pan-
creas, and type 2 helper T cells (30, 31).

sPLA, enzymes share a number of structural characteristics,
including several intramolecular disulfide bridges, a CaZ*-
binding loop, and the requirement for sub-millimolar to milli-
molar concentrations of Ca?" for catalytic activity (32—-34). In
addition, some of the sPLA, enzymes have N-terminal pre-
propeptide sequences of varying lengths (5, 13). The mecha-
nism by which prepropeptide sPLA, enzymes mature into se-
creted proteins has not been fully defined. Some sPLA,
enzymes have dibasic motifs at the C terminus of their signal
sequence, such as the arginine doublet in GX sPLA,, (25), that
may be efficiently cleaved by subtilisin-like protein convertases
in the Golgi apparatus (35). Some sPLA, enzymes, including
GIB and GX sPLA,, are secreted as proenzymes and then
cleaved to yield mature, catalytically active proteins, whereas
others, like GIIA and GV sPLA,, do not have an extra N-
terminal peptide. GX sPLA, also contains a single consensus
sequence for post-translational modification, the N-glycosyla-
tion acceptor site (Asn-X-Ser/Thr) at Asn-113 (25), and N-
glycosylation of GX sPLA, was demonstrated when this en-
zyme was expressed in HEK293 cells (36).

PLA, enzymatic activity has been detected in intracellular
granules in human neutrophils (37-39). Subcellular fraction-
ation experiments have shown that neutrophils have a heter-
ogenous population of granules that have distinct intra-gran-
ular and membrane-bound proteins (40). Thus, neutrophils
contain azurophilic, specific, and gelatinase granules, as well
as secretory vesicles, that function as regulated storage or-
ganelles. When neutrophils are stimulated, the granules may
release their protein contents into the extracellular environ-
ment, or may fuse with phagosomes to form phagolysosomes,
where the contents of the granules cooperate in the killing of
microbes (41). Fusion of granule membranes, which are impor-
tant reservoirs of membrane-bound proteins, with the plasma
membrane and phagolysosomes may also participate in the
eradication of microbes (40). The identity of the granules that
contain sPLA, enzymes in human neutrophils has not been
established.

A large body of experimental evidence supports the hypoth-
esis that agonist-stimulated release of arachidonic acid from
phospholipids is mediated, at least in part, by cPLA,, (reviewed
in Ref. 42). First, cPLA, selectively hydrolyzes phospholipids
with arachidonic acid in the sn-2 position (43). Second, expos-
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ing neutrophils to fMLP results in a decrease in the electro-
phoretic mobility of cPLA,, a finding consistent with cPLA,
phosphorylation, and stimulates the translocation of cPLA,
from cytosolic to microsomal and nuclear compartments (44,
45). Third, co-incubating neutrophils with the ¢cPLA, inhibitor
methylarachidonyl fluorophosphonate (MAFP) decreases
fMLP-stimulated arachidonic acid mass release (44, 45).
Fourth, peritoneal macrophages from mice subjected to tar-
geted disruption of the cPLA, gene (cPLA, /") produce less
PGE,, LTB,, and platelet-activating factor following exposure
to inflammatory stimuli than macrophages from wild type mice
(cPLA,"™"") (46, 47). Three isoforms of ¢cPLA, have been iden-
tified as follows: cPLA,«a, cPLA,B, and cPLA,y (43, 48, 49).
Although cPLA,« is thought to mediate arachidonic acid re-
lease by a variety of cells (42), the physiologic roles of cPLA,3
and cPLA,y have not been defined.

The purpose of this study was to identify the sPLA, enzymes
that are expressed by neutrophils, define the subcellular local-
ization of these enzymes, determine which sPLA, enzymes are
released by neutrophils, and evaluate the role of the extracel-
lular sPLA, enzymes in neutrophil LTB, biosynthesis and
Gram-negative bacterial phospholipid hydrolysis. We identi-
fied GV and GX sPLA, mRNA in a homogeneous population of
human neutrophils, showed that these cells contain GV and GX
sPLA, protein, demonstrated that GV and GX sPLA, are both
present in azurophilic granules, and found that GV sPLA, is
also a component of specific granules. Furthermore, we showed
that GV sPLA, was released into the extracellular environment
following exposure to formyl-Met-Leu-Phe (fMLP) or opsonized
zymosan (OZ), whereas mature GX sPLA, was not. Inhibition
of extracellular sPLA, activity with the active site-directed,
tight-binding inhibitor indoxam (50), which was found to in-
hibit GV sPLA, activity 125-fold more efficiently than GX
sPLA, activity, had no effect on fMLP-stimulated neutrophil
LTB, synthesis. In contrast, pretreatment of neutrophils with
pyrrolidine-1 (51), a highly specific inhibitor of cPLA,« activity
that has no effect on the catalytic activity of recombinant GIIA,
V, or X sPLA, (52), abrogated fMLP- and OZ-induced neutro-
phil LTB, biosynthesis. Finally, we showed that recombinant
GIIA or GV sPLA,, but not GX sPLA,, efficiently hydrolyzed
[®H]oleic acid from [*H]oleic acid labeled live Escherichia coli in
the presence of serum.

EXPERIMENTAL PROCEDURES

Materials—Ficoll-Paque was from Amersham Biosciences and was
used for neutrophil isolation. DNase I RNase-free was from Qiagen
(Mississauga, Ontario, Canada). Thermus aquaticus (Taq) polymerase
was from MBI Fermentas (Burlington, Ontario, Canada). Rhodamine-
phycoerythrin (R-PE)-conjugated anti-CD16 monoclonal antibody
(clone 3G8; Monosan, Uden, Netherlands), fluorescein isothiocyanate
(FITC)-conjugated anti-CD19 (Immunotech, Luminy, France), FITC-
conjugated anti-CD3 (Beckman Coulter Inc., Fullerton, CA), and FITC-
conjugated anti-HLA-DR (Immunotech, Luminy, France) were used for
cell sorting procedures. [9,10-*H]Oleic acid (NFT 289, 5 Ci/mmol) was
from PerkinElmer Life Sciences. Myocardial RNA was from Ambion
(Austin, TX). DNA sequence analysis was performed at the “DNA
Sequencing Facility” of The Hospital for Sick Children (Toronto, On-
tario, Canada). Isolation of the IgG fraction from serum was done with
the ImmunoPure Immobilized Protein G Plus Orientation Kit (Pierce).
The E. coli strain pldA~ was kindly provided by Dr. Peter Elsbach (New
York University School of Medicine, New York). Zymosan was obtained
from Sigma, and OZ was prepared as described previously (53). In-
doxam and pyrrolidine-1 were synthesized as described elsewhere
(50, 52).

Neutrophil Isolation—After obtaining informed consent from healthy
donors that were not taking any medications, 100 ml of blood was
obtained and anticoagulated in citrate. Neutrophils were then isolated
by dextran sedimentation and Ficoll-Paque density gradient centrifu-
gation, exactly as described (44).

Neutrophil Purification by Fluorescence-activated Cell Sorting
(FACS) Analysis—Neutrophils (1 X 107) enriched by Ficoll centrifuga-
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tion were incubated for 30 min at 4 °C with 20% heat-inactivated AB
serum prepared in KRPD buffer (where KRPD is Krebs-Ringers phos-
phate dextrose), washed twice with KRPD, and simultaneously labeled
for 30 min at 4 °C with anti-CD16 R-PE, anti-CD19 FITC, anti-CD3
FITC, and anti-HLA-DR FITC, according to the manufacturer’s instruc-
tions. After two washes with cold KRPD buffer, cells were subjected to
dual channel FACS analysis on a MoFlo cytometer (Cytomation Inc.,
Fort Collins, CO) using a 150-megawatt Coherent Innova enterprise II
ion laser (Coherent Inc., Santa Clara, CA) tuned at 488 nm and
equipped with CyCLOPS Summit software. Fluorescence was meas-
ured using 570/40 (R-PE) and 530/40 (FITC) band pass filters. CD16™",
CD19, CD3", and HLA-DR™ cells were separated by sorting in the
“sort purify” mode setting with a flow rate of 10,000 cells/s. Gates were
set to exclude debris and nonviable cells on the basis of light scatter
properties. Neutrophils were defined by a combination of forward, pulse
width, and side scatter characteristics as well as the fluorescence in-
tensity of anti-CD16 R-PE. Aliquots of the Ficoll-enriched, CD167-
sorted cells were reanalyzed on a FACscan using the CellQuest pro-
gram (Becton Dickinson, San Jose, CA) and were routinely >99.9%
pure. Flow cytometric and FACS analysis were performed at the “Flow
Cytometry Facility” (Princess Margaret Hospital, Toronto, Ontario,
Canada). Cell viability was determined by trypan blue exclusion and
was always more than 90%. Sorted cells were placed on ice and imme-
diately processed for RNA isolation.

RNA Extraction and Reverse Transcription—Ficoll-enriched or
FACS-sorted CD16* cells (1 X 10°) were directly lysed in 1 ml of TRIzol
Reagent for 5 min at room temperature. After addition of 0.2 ml of
CHCI, and vigorous shaking, tubes were centrifuged at 12,000 X g for
15 min at 4 °C. The aqueous phase was aspirated and supplemented
with glycogen (10 pg/ml), and total RNA was precipitated by mixing
with 0.5 ml of isopropyl alcohol. After 10 min at room temperature,
samples were centrifuged at 12,000 X g for 10 min at 4 °C. RNA pellets
were washed with 75% ethanol, briefly air-dried, dissolved in 55 ul of
RNase-free water, and incubated with 5 ul of DNase I RNase-free (10
units/ml) at 37 °C for 30 min. DNase I was then inactivated by heat
treatment for 5 min at 70 °C. The absence of genomic DNA in the RNA
preparations was confirmed by performing PCR analysis for “minus-RT
controls” (using RNA that was not reverse-transcribed as the template).

c¢DNA mixtures were prepared in a 20-ul reaction using a first strand
c¢DNA synthesis kit (MBI Fermentas, Burlington, ON) according to the
manufacturer’s instructions. Briefly, 5 ul of the DNA-free RNA prepa-
rations from Ficoll-enriched or FACS-sorted CD16" human neutrophils
or 2 ug of DNA-free RNA extracted from myocardial tissue (Ambion,
Austin, TX) was reverse-transcribed using 40 units of Moloney murine
leukemia virus-reverse transcriptase in the presence of 0.5 ug of oli-
go(dT,g) primers, 50 mmol/liter Tris-HCI, pH 8.3, 50 mmol/liter KCl, 4
mmol/liter MgCl,, 10 mmol/liter dithiothreitol, deoxynucleotide (ANTP)
mix (1 mmol/liter each), and 20 units of RNase inhibitor. The reaction
mixture was incubated for 60 min at 39 °C (transcription) and 10 min at
70 °C (inactivation of RT). The cDNA mixture was then diluted with
RNase-free water to a final volume of 100 ul.

PCR—A total of 5 ul of the diluted first strand cDNA was amplified
in a PCR that included the cDNA from 4166 cells in the case of Ficoll-
enriched or FACS-sorted CD16"* neutrophils or 100 ng of total RNA
from human myocardium. PCR was performed in 50-ul reactions con-
taining 20 mmol/liter Tris-HCI, pH 8.4, 50 mmol/liter KCI1, 1.5 mmol/
liter MgCl,, dNTP mix (0.2 mmol/liter each), 2 units of Taq polymerase,
and 0.5 umol/liter of the specific primers. After 4 min at 95 °C, 40 cycles
of amplification with a PCR processor (PTC-100 Thermal Cycler, MJ
Research, Waltham, MA) was carried out as follows: 30 s at 95 °C, 45 s
at 60 °C, and 50 s at 72 °C, followed by 10 min at 72 °C to ensure a
complete extension of the amplified DNA. Hot start PCR was employed
to increase the specificity of the amplification.

PCR Primers—Primers were selected that showed insignificant ho-
mology to other genes in the EMBL DNA sequence data base. When
gene sequence data were available, primer pairs were chosen to span
introns in their genomic sequences, thus ensuring mRNA-specific am-
plification. In addition, primers were selected to have a G + C content
between 45 and 65%, a size between 18- and 23-mer, and to exclude
primer-dimer structures. The sequences of the sPLA, primers and
predicted molecular weight of the PCR products for GIB, GIIA, GIID,
GIIF, GIII, GV, and GX sPLA, and for CD52, c-Fms, HLA-DR«, and
B-actin are listed in Table I.

Negative controls were performed by omitting reverse transcriptase
from ¢cDNA synthesis or by omitting ¢cDNA from the PCR amplifica-
tions. PCR products were analyzed by electrophoresis through 3% aga-
rose gels and viewed under UV light after ethidium bromide staining.
PCR product specificities were confirmed by DNA sequence analysis
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using an ABI Prism 377 DNA Sequencer (Applied Biosystems, Foster
City, CA).

Generation of Recombinant sPLA, Proteins—Recombinant human
GIIA, GITF, GX, and GXII sPLA, were produced by refolding the inclu-
sion body protein obtained from expression in E. coli, as described
previously (17, 26, 30, 54). The preparation of recombinant human GIB,
GIIE, and GV sPLA, will be reported elsewhere.? All recombinant
sPLA,s were judged to be pure by Laemmli gel electrophoresis. Elec-
trospray mass spectrometry analysis of recombinant human sPLA,s
was carried out on a Bruker/Hewlett-Packard Esquire LC ion trap high
performance liquid chromatography/mass spectrometer. The observed
mass of all sPLA,s was within 0.5 atomic mass units of the theoretical
mass, indicating that all disulfides were formed.

Generation of Anti-sPLA, Antisera—Antiserum to each recombinant
human sPLA, was prepared by Cocalico Biologicals (Reamstown, PA).
Rabbits were immunized with 100 pg of antigen with Complete
Freund’s Adjuvant by multiple subcutaneous and intramuscular injec-
tions. On days 14 and 21, rabbits received a booster injection with 50 ug
of antigen with Incomplete Freund’s Adjuvant. A test bleed was col-
lected at day 35, and a third boost with 50 pg of antigen in Incomplete
Freund’s adjuvant on day 49 was carried out. The second test bleed was
on day 56, and after a final boost with 50 ug of antigen in Incomplete
Freund’s adjuvant on day 60, exanguination bleeds were obtained on
day 67.

All anti-sPLA, antisera were tested for specificity toward the various
human sPLA,s (hGIB, hGIIA, hGIIE, hGIIF, hGV, hGX, and hGXII), as
described below. Whereas each antiserum readily detected 1 ng of
recombinant sPLA,, no signal was detected when 50 ng of each of the
other human sPLA,s were analyzed (ECL detection, Amersham Bio-
sciences). Thus, the individual antisera were highly specific for each of
the human sPLA, enzymes. The anti-GV sPLA, and anti-GX sPLA,
antisera were further purified by passage through a protein G-agarose
column, as described by the manufacturer (Pierce).

Preparation of Soluble and Microsomal Fractions for Western Blot
Analysis—Cells were washed twice with phosphate-buffered saline and
centrifuged. The pellet was suspended in 66 mm HEPES buffer, pH 7.5,
1 mm EDTA, 1 mm EGTA, 1 mMm Na,VO,, 25 mM NaF, 1 mMm diisopro-
pylfluorophate, and 10 pg/ml leupeptin and aprotinin, sonicated on ice
with 3 bursts (20% maximum power) of 15 s each, and centrifuged for 5
min at 14,000 X g to remove nuclei. The supernatant was then centri-
fuged at 150,000 X g for 20 min at 4 °C to resolve the soluble and
microsomal fractions, which were resuspended in Laemmli loading
buffer.

Preparation of Neutrophil Granule Fractions—Neutrophils (1.1 X
10°) were resuspended in 18 ml of KRPD + 5 mm glucose, pelleted by
centrifugation, resuspended in 18 ml of KRPD + 5 mM glucose (relax-
ation buffer), and incubated with 5 mm diisopropylfluorophate for 15
min on ice. Cells were then pelleted by centrifugation, resuspended in
13 ml of relaxation buffer, and subjected to nitrogen cavitation, as
described (55). 10 ml of the post-nuclear supernatant was then put on a
3-layer Percoll gradient (generated in relaxation buffer containing 1 mm
phenylmethylsulfonyl fluoride) and centrifuged (55). Samples were col-
lected in fractions of 1 ml. Fractions 1-6 were pooled and designated as
the a-band, fractions 7-12 the B;-band, fractions 13-18 the B,-band,
and fractions 19—24 the y-band. Analysis for the granule markers MPO,
NGAL, lactoferrin, gelatinase, human serum albumin, and HLA was
carried out exactly as described (56) and showed that less than 0.5% of
the MPO, lactoferrin, and gelatinase was identified in the soluble frac-
tion (not shown), thereby confirming that nitrogen cavitation left the
granules largely intact (55).

Western Blot Analysis—Cell lysates, extracellular fluid, granule frac-
tions, and soluble or microsomal fractions were analyzed by SDS-PAGE
using 16.5% gels at a constant 100 V in 100 mM Tris, 100 mm Tricine,
and 0.1% SDS as running buffer. Proteins were transferred to a PVDF
membrane (PerkinElmer Life Sciences) in 25 mM Tris-HCI, 192 mm
glycine, 20% methanol (0.1% SDS for GIIA sPLA,, 0.01% SDS for GV
sPLA, and GX sPLA,, and no SDS for the other sPLA, enzymes), pH 8.3
+0.1 at 100 V for 1 h, followed by overnight blocking in 5% milk and 1%
goat serum. The blots were then incubated with primary antibody (see
legends under figures for specific antibodies) for 2 h at room tempera-
ture, washed, and incubated with horseradish peroxidase-conjugated
secondary antibody for 1 h. Detection of immunoreactive bands was
carried out using enhanced chemiluminescence.

Measurement of PLA, Activity—Neutrophils (2 X 107) were resus-
pended in KRPD with 1 mm CaCl, and 0.25% BSA, warmed to 37 °C for

2 M. Gelb, manuscript in preparation.
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TABLE I
Characteristics of the primers used for RT-PCR analysis
: : : Predicted GenBank™
. . . Ci d leotid ;
Protein Sense and antisense PCR primers orrespﬁrlllr;gg 25%? 1des m MISr(z)fd Bclz\tIA arfxclislilgl?
bp

GIB sPLA, 5'- TCCTTGTGCTACGCTGTGCTG, 45-64, 366-385 341 NM_000928
5’- TGAAGGCCTCACACTCTTTG

GIIA sPLA, 5’- ATGAAGACCCTCCTACTGIT, 136-155, 551 —570 434 NM_000300
5’- TCAGCAACGAGGGGTGCTCC

GIID sPLA, 5’- GAAAATGCCCATCCTCTCCT, 138-157, 412 —431 294 NM_012400
5’- AAACCGCAGTCCCTTCTGGTA

GIIF sPLA, 5’- ATGAAGAAGT TCTTCACCGT GGC, 1-23, 261-283 283 NM_022819
5'- CAGTGTTGTTCTCGATGGTGTGA

GIII sPLA, 5’- TGCCTACAGAATCAGCACGA, 911-930, 1391-1410 500 AF_220490
5’- TTGAGCAGCTGGAACTCGAT

GV sPLA, 5'- TTGGTTCCTGCCTTGTAGIGTG, 156-177, 492-513 358 NM_000929
5'- TGGGT TGTAGCTCCGTAGGTTT

GX sPLA, 5’- GATCCTGGAACTGGCAGGAA, 569-588, 919-938 370 NM_0003561
5’- TCAGT CACACT TGGGCGAGT

CD52 5’- GCGCTTCCTCTTCCTCCTACTC, 39-60, 254275 235 X62466
5'- GAGTGATGGTGCCAGCTGITTC

c-Fms 5’- AGGAGAGAGCGGGACTATACC, 3052-3072, 3375-3395 344 X03663
5’- GAAGTGGGATCCTCTGACCTC

HLA-DRa 5’- TGGGACCATCTTCATCATCAAGG 713-735, 1069-1092 380 K01171
5’- GGGCATTCCATAGCAGAGACAGAC

B-Actin 5’- GCTATCCCTGTACGCCTCTG, 458-477, 970-989 532 X00351

5'- CTCCTTCTGCATCCTGTCGG

10 min, and treated with 5 uM cytochalasin B for 2 min and either 0.1%
Me,SO or 1 um fMLP for 10 min. Stimulations were terminated by
centrifugation at 14,000 X g for 1 min. The PLA, activity in 50 ul of
extracellular fluid was determined by measuring the amount of free
[*Hloleic acid released from [*H]oleic acid-labeled autoclaved E. coli
membranes, according to the protocol developed by Elsbach (57). The
reaction was carried out in a total volume of 1.5 ml of 0.1 M Tris buffer,
pH 7.5, containing 7 mm CaCl,, 10 mg of fatty acid-free BSA, and 2.8 X
10° radiolabeled, autoclaved E. coli (corresponding to 5.6 nmol of phos-
pholipid). After a 30-min incubation at 37 °C, the reaction was termi-
nated by filtration through a 0.45-um Millipore filter, and the released
[*H]oleic acid bound to the BSA carrier was measured by liquid scintil-
lation counting (58). All cpm measurements were corrected for nonen-
zymatic hydrolysis. One unit of PLA, activity is defined as the amount
of enzyme that hydrolyzes 56 pmol of phospholipid substrate in 30 min
at 37 °C, which corresponds to 1% of the total E. coli substrate.

LTB, Production—In some experiments, neutrophils were preincu-
bated with increasing concentrations of indoxam or pyrridoline-1 for 10
min at 37 °C, as indicated in the figure legends. Following exposure to
vehicle, cytochalasin B and fMLP, or OZ (5 mg/ml), cells were centri-
fuged at 1000 X g for 5 min at 4 °C, and LTB, release was subsequently
determined by enzyme-linked immunosorbent assay, as described by
the manufacturer (Cayman).

Radiolabeling of Live E. coli—An inoculum of E. coli pldA~ (lacking
the principal envelope phospholipase) was diluted 1:10 in fresh LB
medium and grown for 2 h at 37 °C to mid-log phase in a shaking water
bath. Bacteria were harvested at 3000 rpm for 10 min, resuspended in
0.2% lactalbumin medium supplemented with 8 wCi/ml [9,10-*H]oleic
acid (PerkinElmer Life Sciences catalog number NFT 289, 5 Ci/mmol)
complexed with 0.02% bovine serum albumin (fatty acid-free), and
incubated for 2 h while being shaken. After harvesting, bacteria were
suspended in fresh 0.2% lactalbumin medium containing 1% bovine
serum albumin and incubated for 30 min at 37 °C. After centrifugation,
cells were washed three times in 150 mm NaCl containing 1% BSA to
remove unincorporated [9,10-*H]oleic acid. The labeled bacteria were
then resuspended in 150 mm NaCl, adjusted to a concentration of 1 X
10°/ml by measuring the absorbance at 550 nm, and kept on ice until
ready for use.

Measurement of Bacterial Phospholipid Degradation in Live Radio-
labeled E. coli by Recombinant GIIA, GV, and GX sPLA,—Two ml of
serum from the blood of healthy donors was pooled and passed over a
1-ml heparin column (Amersham Biosciences), resulting in the removal
of detectable PLA, activity (data not shown). For the assay, [9,10-
3H]oleic acid-labeled live E. coli (2.5 X 107) were resuspended in 250 ul

of 40% (v/v) Hanks’ balanced salts solution, 1.5% (w/v) BSA, 120 mm
HEPES, pH 7.4, and 2% heparin column-purified normal human serum.
After a 15-min preincubation at 37 °C, human recombinant GIIA, V, or
X sPLA, was added to a final concentration ranging from 0 to 500 ng/ml
and incubated for 60 min at 37 °C. The reaction was terminated by
adding 250 ul of ice-cold 150 mm NaCl and centrifugation at 14,000 X
g for 4 min. Radioactivity in the recovered supernatants was measured
by liquid scintillation counting, and results were corrected for the
nonspecific hydrolysis of labeled E. coli.

Statistical Analysis—Results are expressed as the mean * S.D. of
triplicate determinations. Comparisons between groups were made by
repeated measures analysis of variance, followed by post-hoc analysis
with paired ¢ tests, where indicated. A p value < 0.05 was considered
significant. When multiple comparisons were made, a Bonferroni cor-
rection factor was applied.

RESULTS

Identification of GV and GX sPLA, mRNA in Human Neu-
trophils—To determine which of the sPLA, mRNA species were
expressed by neutrophils, sets of primers for GIB, GIIA, GIID,
GIIF, GIII, GV, and GX sPLA, were designed (Table I). The
ability of each of these primer sets to amplify their respective
sPLA, mRNA by RT-PCR was confirmed with mRNA that had
been isolated from human myocardium, as shown in Fig. 1A.
Multiple primer sets were also generated for GIIE sPLA,.
However, we were unable to detect GIIE sPLA, mRNA in
myocardium. Hanasaki and co-workers (19) reported that GIIE
sPLA, mRNA was detected only after multiple rounds of PCR
amplification, indicating that this protein is expressed at very
low levels, and we have not been able to detect GIIE sPLA,
using a variety of human tissue ¢cDNAs (Invitrogen multiple
tissue panel). RT-PCR analysis of neutrophils that had been
prepared by centrifugation on a discontinuous Ficoll-Paque
density gradient identified GIIA, GIID, GV, and GX sPLA,
mRNA species (Fig. 1B) but failed to identify GIB, GIIF, or GIII
sPLA, mRNA.

Caution must be exercised in the interpretation of these
results, as neutrophils isolated on a Ficoll-Paque density gra-
dient are contaminated by macrophages, eosinophils, and lym-
phocytes (Fig. 24), cells that could be a source of sPLA, mRNA
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Fic. 1. RT-PCR analysis of sPLA, mRNA species expressed in
neutrophils isolated by Ficoll density gradient centrifugation.
A, DNA-free RNA extracted from human cardiac myocytes was reverse-
transcribed and subjected to PCR analysis with primer sets designed to
amplify specific regions of GIB, GIIA, GIID, GIIF, GIII, GV, and GX
sPLA, ¢cDNA. For each sPLA, enzyme a PCR product corresponding to
the predicted size of the segment of cDNA to be amplified was detected.
For GV sPLA,, a second PCR product with a molecular weight of ~250
bp was also detected. B, neutrophils were isolated by dextran sedimen-
tation and Ficoll density gradient centrifugation. Following RNA ex-
traction, RT-PCR analysis was carried out with each set of sPLA,
primers, as described under “Materials and Methods.” The blot shows
that GIIA, GIID, GV, and GX sPLA, mRNA were detected in this
population of neutrophils. —RT, negative control in which PCR was
carried out without RT; act, actin; mw, molecular weight standards.
Blots are representative of four studies.

V X mw

(60, 61). Indeed, mRNA from the Ficoll-Paque neutrophil prep-
aration contained c-fms, a monocyte-specific antigen (62), HLA-
DR, which is expressed by lymphoid cells, and CD52, which is
expressed by monocytes, eosinophils, and lymphoid cells but
not by neutrophils (Fig. 2B) (63, 64). Neutrophils express ex-
ceptionally high levels of CD16 on their surface in comparison
with other leukocytes (65) and do not express CD3 or CD19. To
generate a preparation of highly purified neutrophils, cells
isolated on a Ficoll-Paque density gradient were simulta-
neously incubated with anti-CD3, anti-CD19, and anti-
HLA-DR antibodies conjugated to FITC, as well as a PE-con-
jugated anti-CD16 antibody. Dual label fluorescence-activated
cell sorting (FACS) was then carried out to separate CD16
positive cells from cells that express CD3, CD19, or HLA-DR
(66). With this protocol, a homogeneous population of cells
(>99.9% neutrophils, Fig. 2C) was generated. Following extrac-
tion of the RNA from this purified population of neutrophils,
RT-PCR failed to identify c-fms, HLA-DR, or CD52 mRNA,
thereby demonstrating that the neutrophil population gener-
ated by cell sorting was free of contaminating macrophages,
eosinophils, and lymphocytes (Fig. 2D). When RNA from neu-
trophils that had been purified by cell sorting was subjected to
RT-PCR analysis, GV and GX sPLA, mRNA species were iden-
tified, whereas GIIA and GIID mRNA species were not de-
tected (Fig. 2E).

Sequence Analysis of the GV and GX sPLA, RT-PCR Prod-
ucts—RT-PCR analysis with a primer set designed to amplify
GV sPLA, mRNA yielded two distinct products when human
myocardium (Fig. 1A) or FACS-purified human neutrophils
(Fig. 2E) were used as the source of RNA. Following amplifi-
cation of the putative GV sPLA, PCR products, nucleotide
sequence analysis demonstrated that the 358-bp PCR product
corresponds to nucleotides 24—-381 of human GV sPLA, mRNA.
Sequence analysis of the 251-bp PCR product also confirmed a
100% match with GV sPLA, mRNA from nucleotides 24-381,
in which nucleotides 186-292, which correspond to exon 4 of
the hGV sPLA, gene, have been deleted. Nucleotide sequence
analysis also demonstrated that the 370-bp PCR product gen-
erated with the primer set for GX sPLA, mRNA corresponded
to nucleotides 569-938 of hGX sPLA, mRNA. No sequence
data were obtained from the lower molecular weight product
that was generated with the primer set for GX sPLA, mRNA.

5065

BR2k0D27a.001 BRZK0G27a.002

1
10t

10°
:

CDIG;E
CO16 PE
10¢
i

107
:

109

T ~r
102 10° i

O 1
CDADR/ete. 10

T
10 10

o
10
CD3/DFvete.

B D

act c-fms HLA- CD52 mw act cfms HLA- CD52
DR DR

mw

= 11

mw -RT act IIA 1ID V X

Fic. 2. Identification of GV and GX sPLA, mRNA in neutro-
phils purified by four-label FACS analysis. A, neutrophils were
isolated by dextran sedimentation and Ficoll density gradient centrif-
ugation. Cells were then incubated with a PE-conjugated anti-CD16
antibody and FITC-conjugated anti-CD3, anti-CD19, and anti-HLA-DR
antibodies and analyzed by dual channel fluorescence. The scattergram
shows that a readily detectable fraction of the cells in the preparation
expressed CD3, CD19, and/or HLA-DR on their cell surface and that
some cells had very low levels of CD16 surface expression. B, RNA
extracted from neutrophils was treated with DNase I, reverse-tran-
scribed, and analyzed by PCR with primer sets designed to amplify
specific regions of c-fms, HLA-DR, and CD52 as described under “Ma-
terials and Methods.” The detection of c¢-Fms, HLA-DR, and CD52
mRNA confirmed that this cell preparation contained macrophages,
eosinophils, and/or lymphocytes. C, neutrophils were labeled as in A
and subjected to FACS analysis in which PE-labeled cells (i.e. CD16-
positive cells) were separated from FITC-labeled cells (i.e. CD3-, CD19-,
or HLA-DR-positive cells). In addition, only cells with the forward and
side light scattering characteristics of neutrophils were retained. With
this protocol, a population of cells that was >99.9% neutrophils was
generated. D, RNA was extracted from FACS-purified neutrophils,
treated with DNase I, reverse-transcribed, and analyzed by PCR. No
c-fms, HLA-DR, and CD52 mRNA was detected in this cell preparation.
E, RNA was isolated from neutrophils purified by FACS, treated with
DNase I, and reverse-transcribed. PCR analysis identified GV and GX
sPLA, mRNA but failed to identify GIIA or GIID sPLA, mRNA. Blots
are representative of three studies. act, actin; mw, molecular weight
standards.

These results provide direct evidence that circulating neutro-
phils express GV and GX sPLA, mRNA species.
Identification of GV and GX sPLA, Enzymes in Circulating
Human Neutrophils—To determine which sPLA, enzymes are
present in circulating human neutrophils, Western blot analy-
sis was carried out for GIB, IIA, IIE, IIF, V, X, and XII sPLA,,.
The antisera used in these studies were specific for each of the
sPLA, enzymes and did not cross-react with any other known
human sPLAys (Fig. 3). To evaluate neutrophils for the pres-
ence of individual sPLA, enzymes, and to define the subcellular
location of these enzymes, neutrophils were sonicated in dis-
ruption buffer, resolved into soluble and microsomal fractions,
incubated with vehicle or recombinant sPLA, enzyme (as a
positive control), and evaluated by Western blotting. The cor-
responding sPLA, enzymes were also run alone, in separate
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Fic. 3. Specificity of individual anti-sPLA, antisera. Recombi-
nant GIB, GIIA, GIIE, GIIF, GV, GX, or GXII sPLA, (1 ng each) were
applied to a PVDF membrane, washed, and probed with anti-GIB,
GIIA, GIIE, GIIF, GV, GX, or GXII sPLA, antisera, as described under
“Materials and Methods.” The blot demonstrates that each of the anti-
sPLA, antisera identified the respective sPLA, protein and did not
cross-react with other sPLA, proteins. The blot is representative of
three studies.

lanes, as additional positive controls. Therefore, we were able
to determine whether proteins identified by individual anti-
sPLA, antisera migrated at the same apparent molecular
weight as recombinant sPLA, proteins following SDS-PAGE.
With this approach, we identified proteins that were detected
with the anti-GV sPLA, and anti-GX sPLA, antisera, in whole
cell lysates and in the soluble fraction of neutrophils, that
co-migrated with the respective recombinant enzymes (Fig. 4,
E and F). When the soluble fraction of neutrophils was spiked
with recombinant GV sPLA, and evaluated by Western blot-
ting, a single band was identified that co-migrated with recom-
binant GV sPLA, (Fig. 4E). Similarly, when the soluble fraction
of neutrophils was spiked with recombinant GX sPLA,, West-
ern blotting studies identified a single band that co-migrated
with recombinant GX sPLA, (Fig. 4F). In contrast, proteins
that co-migrated with recombinant GIB, GIIA, GIIE, GIIF, or
GXII sPLA, were not detected by Western blot analyses using
highly specific antisera (Fig. 4). For each of these later sPLA,s,
we confirmed that the addition of the respective recombinant
sPLA, protein to the soluble or microsomal fraction of neutro-
phils resulted in the appearance of a band that co-migrated
with the recombinant sPLA, protein. These positive controls
indicate that GIB, GIIA, GIIE, GIIF, or GXII sPLA, are not
being degraded in neutrophil lysates. Furthermore, the detec-
tion limit for sPLA, proteins using these antisera in Western
blots was in the range of 0.05—0.5 ng with enhanced chemilu-
minescence detection (data not shown). Taken together, these
results provide direct evidence that only GV and GX sPLA,
mRNAs and proteins are present in circulating human
neutrophils.

Distribution of GV and GX sPLA, in the Granules of Circu-
lating Human Neutrophils—To determine whether GV and GX
sPLA, were present in neutrophil granules, cells were dis-
rupted by nitrogen cavitation and resolved on a 3-layer Percoll
density gradient into fractions that contain azurophil, specific
and gelatinase granules, and secretory vesicles (55). Analysis of
granule marker enzyme content in the «, 8;, Bs, and vy fractions
demonstrated that this protocol resulted in the separation of
the azurophil, specific and gelatinase granules, and secretory
vesicles (Table II). As shown in Fig. 5A, we identified a protein
in the «, By, and B, fractions that co-migrated with recombi-
nant GV sPLA,. Slightly less GV sPLA, was detected in the 3,
fraction than in the « fraction, with minimal GV sPLA, in the
B, fraction. No proteins that co-migrated with recombinant GV
sPLA, were identified in the y fraction, which contains both
secretory vesicles and plasma membranes (67). Similarly, we
identified a protein in the «, B, and B, fractions that co-
migrated with recombinant GX sPLA,, (Fig. 5B). The majority
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FiG. 4. Neutrophils contain GV and GX sPLA,,. Neutrophils (10%)
were disrupted by sonication and resolved into soluble (S) and mem-
brane fractions (MF). The soluble or microsomal fractions were then
incubated in the presence (+) or absence (—) of 1 ng of recombinant GIB
or GITA sPLA, or 1.5 ng of recombinant GIIE, GIIF, GV, GX, or GXII
sPLA, on ice for 10 min. Intact neutrophils (PMN) and the soluble (50
pg) or microsomal fraction (8 ug) of these cells, plus or minus the spiked
recombinant sPLA, proteins, were then resolved by SDS-PAGE, trans-
ferred to PVDF membrane, and probed with the following: A, anti-GIB;
B, anti-GIIA; C, anti-GIIE; D, anti-GIIF; E, anti-GV; F, anti-GX; or G,
anti-GXII sPLA, antisera as described under “Materials and Methods.”
For each blot, the recombinant sPLA, enzyme was run alone as a
control. Representative results for 4—8 separate experiments are
shown.

of the GX sPLA, was identified in the « fraction, with compar-
atively little GX sPLA, in the B; or B, fractions. No proteins
that co-migrated with recombinant GX sPLA, were identified
in the vy fraction. The distribution of GX sPLA, follows the
distribution of the azurophil granule marker, MPO (Table II).
In contrast, the distribution of GV sPLA, follows the distribu-
tion of the azurophil granule marker MPO and the specific
granule markers lactoferrin and NGAL. This indicates that GX
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TaABLE II
Analysis of marker enzymes in the neutrophil granule fractions
MPO was used as a marker for azurophilic granules; lactoferrin (LF)
and NGAL were used as specific granule markers; gelatinase was used
as a marker for gelatinase granules; and human serum albumin (HSA)
and HLA were used as markers for secretory vesicles.

a B: B2 Y
MPO“ 1651 334 131 94
NGAL“ 2.98 36.90 28.22 2.55
LF 41.3 527.8 314.5 32.9
Gelatinase” 1.6 33.7 115.5 20.9
HSA? 117 1471 3439 18,870
HLA® 1.3 2.3 3.8 52.8
Protein? 3.1 3.6 1.6 1.5

“Values are shown as pg/ml.
® Values are shown as ng/ml.
¢ Values are shown as arbitrary units.
< Values are shown as mg/ml.
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Fic. 5. Distribution of GV and GX sPLA, in neutrophil gran-
ules. Cells were disrupted by N, cavitation. The post-nuclear superna-
tant was loaded on a three-layer Percoll gradient, centrifuged, and
collected in 1-ml aliquots. The «, B;, B, and vy fractions were formed by
pooling fractions 1-6, 7-12, 13-18, and 19-24, respectively, as de-
scribed under “Materials and Methods.” Aliquots of individual granule
fractions (corresponding to 10° neutrophils) were then incubated with
vehicle or recombinant GV or GX sPLA,, as indicated, resolved by
SDS-PAGE, transferred to PVDF membrane, and probed with anti-GV
sPLA, (A) or anti-GX sPLA, (B) antisera. For each blot, the recombi-
nant sPLA, enzyme was run alone as a control. Representative results
for granule preparations from two different neutrophil donors are
shown.

sPLA, is localized to azurophil granules solely, whereas GV
sPLA, is localized to both azurophil and specific granules.
Neutrophils Release GV sPLA, following Exposure to fMLP
or OZ—sPLA, enzymes may be released by cells into their
extracellular environment (37). Thus, when neutrophils were
exposed to the bacterial tripeptide fMLP, sPLA, activity (as
measured with radiolabeled bacterial membranes) in the ex-
tracellular fluid increased by 3—4-fold (Fig. 6A), a finding con-
sistent with previous results (44). To determine whether the
increase in extracellular PLA, activity was associated with the
release of GV or GX sPLA,, cells were treated with fMLP, and
the extracellular fluid was evaluated by Western blot analysis.
As shown in Fig. 6B, extracellular GV sPLA, was detected that
co-migrated with recombinant GV sPLA,, and addition of re-
combinant GV sPLA, to the supernatant of fMLP-stimulated
cells resulted in the appearance of a single, more intense band
on Western blots. A protein with an apparent molecular mass
of ~18-19 kDa that cross-reacted with the anti-GX sPLA,
antiserum was also identified in the supernatant of vehicle
(Me,SO) and fMLP-stimulated cells, but this protein did not
co-migrate with recombinant GX sPLA, (mature form, lacking
an N-terminal extension) (Fig. 6C). Similarly, exposure to OZ
resulted in the release of GV sPLA, by neutrophils but did not
result in the release of any proteins that were identified by the
anti-GX sPLA, antiserum (Fig. 6, D and E). No sPLA, enzy-
matic activity was detected in the extracellular fluid of OZ-
stimulated cells (not shown). The failure to detect sPLA, activ-
ity in the extracellular fluid of OZ-stimulated cells appears to
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Fic. 6. fMLP and OZ both stimulate the release of GV sPLA,
from neutrophils. A, 1 ml of cells (2 X 107/ml) was resuspended in
KRPD with 1 mm CaCl, and 0.25% BSA, treated with cytochalasin B
and Me,SO (open bars) or fMLP (filled bars), and centrifuged, and the
supernatant was assayed for PLA, activity as described under “Mate-
rials and Methods.” Results are the mean = S.D. of four experiments. B,
following an identical experimental protocol, 25 ul of the supernatant of
Me,SO- or fMLP-treated cells (corresponding to 5 X 10° cells) was
incubated in the presence (rV) or absence (control) of 1.5 ng of recom-
binant GV sPLA,, on ice for 10 min, resolved by SDS-PAGE, transferred
to PVDF membrane, and probed with the anti-GV sPLA, antisera. C,
the supernatant of Me,SO- or fMLP-treated cells was incubated in the
presence (rX) or absence (control) of 1 ng of recombinant GX sPLA, on
ice for 10 min, resolved by SDS-PAGE, transferred to PVDF membrane,
and probed with the anti-GX sPLA, antisera as described under “Ma-
terials and Methods.” D, cells (2 X 107) were resuspended in KRPD with
1 mm CaCl, and 0.25% BSA and treated with vehicle or OZ for 10 min.
The supernatant (25 ul, 5 X 10° cells) was then incubated in the
presence (rV) or absence (control) of 0.5 ng of recombinant GV sPLA, on
ice for 10 min, resolved by SDS-PAGE, transferred to PVDF membrane,
and probed with the anti-GV sPLA, antisera. E, the supernatant of
vehicle or OZ treated cells was incubated in the presence (rX) or absence
(control) of 1 ng of recombinant GX sPLA,, on ice for 10 min, resolved by
SDS-PAGE, transferred to PVDF membrane, and probed with the an-
ti-GX sPLA, antisera. Results are representative of eight separate
experiments.

be due to inhibition of sPLA, enzymatic activity by OZ, as
co-incubation of recombinant GV sPLA, or the supernatant of
fMLP-stimulated cells with OZ decreased sPLA, enzymatic
activity by >95% (not shown). These results demonstrate that
circulating neutrophils release GV sPLA, but release little or
no mature GX sPLA, into their extracellular environment fol-
lowing exposure to fMLP or OZ (<0.2 ng per 10° neutrophils).

Indoxam Exhibits Selectivity for the Inhibition of Recombi-
nant GIIA and GV sPLA,—1LY311727 and indoxam are potent
and active site-directed inhibitors of GITA sPLA, (50, 68). Prior
to evaluating the ability of LY311727 or indoxam to inhibit the
PLA, activity released by fMLP-stimulated cells, we evaluated
the ability of these compounds to inhibit recombinant GV and
recombinant GX sPLA,. The effect of LY311727 or indoxam on
recombinant GIIA sPLA, activity was also assessed for com-
parison. Assays were carried out under conditions where sPLA,
activity was linear with respect to the amount of enzyme used
(Fig. 7A) and time (Fig. 7B). Under these conditions, the spe-
cific activity of recombinant GIIA sPLA, (dotted line) was ~4-
fold higher than recombinant GV sPLA, (dashed line) and
14-fold higher than recombinant GX sPLA, (solid line). As
shown in Fig. 7C, co-incubation with LY311727 inhibited re-
combinant GIIA sPLA, activity (IC;, ~50 nM) more potently
than recombinant GV sPLA, activity (IC5, ~2 uM) or recombi-
nant GX sPLA, activity (IC5;, ~0.75 pum). In contrast, co-incu-
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Fic. 7. Effect of LY311727 or indoxam on the catalytic activity
of recombinant GIIA, GV, and GX sPLA,. A, increasing quantities of
recombinant GIIA, GV, or GX sPLA, were incubated with [*H]oleate-
labeled E. coli membranes for 30 min, and PLA, activity was measured
as described under “Materials and Methods.” B, 0.25 ng of GIIA sPLA,,
2.5 ng of GV sPLA,, or 5 ng of GX sPLA, were incubated with
[*Hloleate-labeled E. coli membranes for 15, 30, or 45 min, and PLA,
activity was measured as described under “Materials and Methods.”
The mean specific activity for recombinant GIIA, GV, and GX sPLA,
was 45.6 = 3.8, 10.8 + 0.3, and 3.2 = 0.5 units/ng, respectively. 0.25 ng
of GITA sPLA,, 2.5 ng of GV sPLA,, or 5 ng of GX sPLA, was incubated
with increasing concentrations of 1.Y311727 (C) or indoxam (D) for 10
min. Following addition of [*H]oleate-labeled E. coli membranes for 30
min, PLA, activity was measured. All results are the mean = S.D. of at
least four separate experiments.

bation with indoxam (Fig. 7D) inhibited recombinant GIIA
sPLA, activity (IC;, ~10 nm) and recombinant GV sPLA, ac-
tivity (IC5, ~40 nm) to a similar degree but had a much less
potent effect on recombinant GX sPLA, activity (IC5, =5 um).
Therefore, indoxam exhibited a 125-fold selectivity for inhibi-
tion of recombinant GV sPLA, in comparison with recombinant
GX sPLA, in vitro. The IC;, value for inhibition of human GX
sPLA, by indoxam is similar to that measured for mouse GX
sPLA, (28).

Co-incubation with Indoxam Inhibits Extracellular sPLA,
Activity but Does Not Attenuate LTB, Production by Neutro-
phils Treated with fMLP—Following exposure of neutrophils
(2 X 107) to 1 uM fMLP for 10 min, PLA, activity in the
extracellular medium was 202 = 4 units/ml (Fig. 84). Co-
incubation of the extracellular fluid from fMLP-treated neutro-
phils with indoxam decreased PLA, activity in a dose-depend-
ent manner (Fig. 8A). Because fMLP-stimulated neutrophils
released a protein that cross-reacted with the anti-GV sPLA,
antiserum (c¢f. Fig. 6B), these results are consistent with the
notion that circulating neutrophils release catalytically active
GV sPLA, following exposure to fMLP. The concentration of
indoxam required to inhibit the major portion of PLA, activity
secreted from neutrophils (IC;, ~50 nm) is similar to the ICg,
of indoxam measured with recombinant GV sPLA, using the
assay with radiolabeled E. coli membranes (Fig. 7D). The dif-
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FiG. 8. Effect of inhibition of extracellular GV sPLA, activity
on LTB, production by fMLP-stimulated neutrophils. A, cells
(2 X 107/ml) were resuspended in KRPD with 1 mm CaCl, and 0.25%
BSA, treated sequentially with cytochalasin B and fMLP, and centri-
fuged as described under “Materials and Methods.” The supernatant
from these cells was then incubated with increasing concentrations of
indoxam (0-10 uM), and PLA, activity was measured. B, cells (20 X
10%/ml) were resuspended in KRPD with 1 mm CaCl, and 0.25% BSA,
incubated with increasing concentrations of indoxam (0-10 um), and
treated sequentially with cytochalasin B and Me,SO (open bars) or
fMLP (filled bars). Following centrifugation, the supernatant was as-
sayed for LTB, as described under “Materials and Methods.” Results
are the mean = S.D. of four experiments.

ference between the PLA, activity released by untreated neu-
trophils (40 = 3 units/ml) and the PLA, activity in the super-
natant of fMLP-treated neutrophils following incubation with
10 uM indoxam (45 + 3 units/ml) was negligible. This indicates
that indoxam inhibited essentially all of the PLA, activity that
was released from neutrophils in response to fMLP. The effect
of indoxam on OZ-induced PLA, release by neutrophils was not
studied, because OZ inhibited the activity of the PLA, released
by these cells. Because the concentrations of indoxam used in
these studies do not inhibit GX sPLA,, these results are con-
sistent with the Western blotting data indicating that fMLP-
stimulated neutrophils do not release catalytically active GX
sPLA,.

To evaluate the role of extracellular GV sPLA, in neutrophil
LTB, biosynthesis, cells were pretreated with indoxam and
stimulated with fMLP. As shown in Fig. 8B, inhibition of ex-
tracellular GV sPLA, activity with indoxam did not inhibit
fMLP-stimulated LTB, biosynthesis by human neutrophils.
Therefore, GV sPLA, released from neutrophils in response to
fMLP does not participate in neutrophil LTB, biosynthesis. In
contrast, preincubating neutrophils with the selective cPLA,«
inhibitor, pyrrolidine-1 (51, 52), resulted in a dose-dependent
inhibition of both fMLP- and OZ-induced neutrophils LTB,
biosynthesis (IC5;, ~0.1-0.5 uMm, Fig. 9, A and B). These find-
ings indicate that cPLA,« participates in fMLP- and OZ-in-
duced LTB, synthesis by neutrophils. Preincubation with pyr-
rolidine-1 had no effect on the fMLP-induced release of GV
sPLA,, as assessed by Western blotting, or on PLA, activity
released by fMLP-stimulated cells (data not shown).

Recombinant GIIA and GV sPLA,, but Not Recombinant GX
sPLA,, Catalyze the Hydrolysis of Phospholipids in Live E.
coli—A clear link between E. coli envelope phospholipid deg-
radation and overall bacterial destruction by rabbit neutrophils
has been established (69). We have demonstrated that human
neutrophils contain GV sPLA, and release this enzyme upon
exposure to fMLP or OZ, so we evaluated the ability of recom-
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Fic. 9. Effect of inhibition of cPLA,a on LTB, production by
fMLP- or OZ-stimulated neutrophils. Cells (2 X 107/ml) were resus-
pended in KRPD with 1 mm CaCl, and 0.25% BSA, preincubated with
increasing concentrations of pyrrolidine-1 for 10 min, and treated with
cytochalasin B and Me,SO (open bars) or fMLP (filled bars) (A) or
vehicle (open bars) or OZ (filled bars) (B). Following centrifugation, the
supernatant was assayed for LTB, as described under “Materials and
Methods.” Results are the mean = S.D. of three independent
experiments.

binant GV sPLA, to hydrolyze bacterial phospholipids. Studies
with GIIA and GX sPLA,s were also carried out for comparison.
Live E. coli were labeled with [H]oleic acid during the log
growth phase, washed extensively in buffer with 1% BSA, and
co-incubated with increasing concentrations of recombinant
GIIA, GV, or GX sPLA,. For these studies, human serum that
had been eluted from a heparin column (to remove all PLA,
activity) was added at a final concentration of 2% serum. Co-
incubation of serum purified over the heparin column with live
[®H]oleic acid-labeled E. coli did not result in measurable phos-
pholipid hydrolysis (data not shown). Co-incubation of live
[®Hloleic acid-labeled E. coli with 10 ng of recombinant GIIA
sPLA, for 60 min resulted in the hydrolysis of ~25% of the
labeled bacterial phospholipids, and this value did not change
significantly as the amount of recombinant GIIA sPLA, was
increased to 500 ng (Fig. 10). Co-incubation of live [*H]oleic
acid-labeled E. coli with recombinant GV sPLA, resulted in a
dose-dependent increase in bacterial phospholipid hydrolysis
that reached a plateau at 100 ng of recombinant GV sPLA,,
whereas co-incubation of up to 500 ng of recombinant GX
sPLA, with live [*H]oleic acid-labeled E. coli resulted in virtu-
ally no hydrolysis (Fig. 10). When recombinant GIIA sPLA, or
recombinant GV sPLA, was co-incubated with live [*H]oleic
acid-labeled E. coli in the absence of serum, no bacterial phos-
pholipid hydrolysis was detected (data not shown). These re-
sults provide direct evidence that recombinant GIIA and re-
combinant GV sPLA, can hydrolyze phospholipids present in
the outer membrane of live E. coli and that this phospholipid
hydrolysis is dependent on the presence of serum.

DISCUSSION

GIIA sPLA, has been purified from rabbit inflammatory
exudates (2, 71), and immunohistochemical studies identified
GIIA sPLA, in human neutrophils (37). These seminal findings
led to the notion that human neutrophils express and release
GIIA sPLA, during an inflammatory response (72). However,
recent studies (4) indicate that multiple sPLA, enzymes, in
addition to GITA sPLA,, may play important roles in the gen-
eration of an inflammatory response. Thus, some myeloid cells
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Fic. 10. Recombinant GIIa and GV sPLA,, but not recombi-
nant GX sPLA,, hydrolyze Gram-negative bacterial phospholip-
ids. E. coli was metabolically labeled with [*H]oleic acid, washed ex-
tensively with 150 mm NaCl and 1% BSA, and co-incubated with 0-500
ng of recombinant GIIA (open bars), GV (filled bars), or GX sPLA,
(dashed bars). Bacterial phospholipid hydrolysis was estimated by
measuring the release of [*Hloleic acid into the supernatant as de-
scribed under “Materials and Methods.” Results are the mean * S.D. of
four experiments.

express more than one sPLA, enzyme (73), and sPLA, enzymes
other than GIIA sPLA,, including GV and GX sPLA,, have
been shown to participate in the generation of pro-inflamma-
tory mediators (5, 24). Furthermore, nine human sPLA, en-
zymes have now been described (5). The existence of multiple
sPLA, enzymes raises the possibility that the anti-GITA anti-
sera used in earlier studies (37) could have cross-reacted with
other sPLA, enzymes. Based on these considerations, we de-
cided to evaluate systematically which sPLA, mRNA species
and sPLA, proteins exist in circulating human neutrophils and
to define the subcellular localization of these enzymes. Such
information is necessary as a prelude for studying the biologi-
cal functions of sPLA, enzymes in these cells. In this study, we
also focused on the identification of the enzyme(s) that are
released by neutrophils that were stimulated with two distinct
agonists, fMLP and OZ, and on the role that these sPLA,
enzymes play in neutrophil LTB, biosynthesis and Gram-neg-
ative bacterial phospholipid hydrolysis. We also studied the
role of cPLA,« in fMLP- and OZ-stimulated LTB biosynthesis
by incubating cells with pyrrolidine-1 (52), because this inhib-
itor is more specific than previously used inhibitors of cPLA,c.

Identification of GV and GX sPLA, mRNAs and Proteins in
Neutrophils—Extensive experimental evidence has docu-
mented the existence of sPLA, enzyme(s) in human neutro-
phils. Thus, neutrophils contain an acid-stable enzyme with
PLA, activity (74); sPLA, has been localized to the granules of
resting human neutrophils and shown to translocate to
phagolysosomes following exposure to agonists (37), and neu-
trophils stimulated with fMLP release sPLA, activity (44). In
the present study we have convincingly shown by the combined
use of RT-PCR and Western blot analysis with highly specific
anti-sPLA, antisera that circulating and non-stimulated hu-
man neutrophils contain GV and GX sPLA,, whereas GIB,
GIIA, GIID, GIIE, GIIF, GIII, and GXII sPLA, were undetect-
able in these cells. Our results underscore the importance of
using highly purified neutrophils for RT-PCR analysis, as GITA
and GIID sPLA, mRNA species were detected in neutrophils
isolated on a Ficoll-Paque density gradient but were not iden-
tified in FACS-purified cells that were free of contaminating
macrophages, eosinophils, and lymphocytes. For GIID and GIII
sPLA,, only RT-PCR was used for detection, with successful
execution of positive controls, because antisera for these pro-
teins are not yet available. Although GIIE sPLA, mRNA could
not be detected by RT-PCR (Hanasaki and co-workers (19)
reported that GIIE sPLA, cDNA could be detected by PCR only
after multiple rounds of extensive amplification), GIIE sPLA,
protein was not detected by Western blot analysis even though
spiking the neutrophil lysate with 1.5 ng of recombinant GIIE
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sPLA, gave a readily detected band. In contrast to our results,
a previous study (75) reported that GV sPLA, is not present in
human neutrophils. This discrepancy may be due to the fact
that we used a high affinity antiserum that could detect <1 ng
of recombinant GV sPLA,, while the earlier study made use of
a lower affinity monoclonal antibody that was only able to
detect ~30 ng of this antigen (76). Despite earlier reports that
circulating human neutrophils contain GIIA sPLA, based on
immunohistochemical analysis (37), we could not detect GITIA
sPLA, in these cells either by RT-PCR or Western blot. For the
latter analyses, the GIIA sPLA, Western blot band was easily
seen when the neutrophil lysate was spiked with 1 ng of re-
combinant GIIA sPLA,, thus the amount of GITA sPLA, is <1
ng per 10° neutrophils. Our findings underscore the cell type
specificity of sPLA, expression; for example, GITA, GIIC, GIID,
GIIE, GIIF, and GV sPLA, were detected in bone marrow-
derived mast cells from BALB/cJ mice, whereas transcripts for
GIB and GX sPLA, were not identified in these cells (73). As
neutrophils express some mRNA species during myelopoiesis
that are not expressed in mature cells (77), we could not ex-
clude the possibility that other sPLA, mRNA species besides
GV and GX sPLA, are expressed at an earlier phase of neutro-
phil maturation.

Sequence analysis demonstrated that the 358-bp GV sPLA,
RT-PCR product was identical to the corresponding sequence
in GV sPLA,, whereas the 251-bp GV sPLA, product had a
107-bp deletion. Deletion of this 107-bp sequence, which corre-
sponds to exon 4 of the human GV sPLA, gene, would result in
a frameshift that would introduce a premature TGA stop codon.
Therefore, translation of this alternatively spliced GV sPLA,
mRNA would be predicted to give rise to a catalytically inac-
tive, truncated GV sPLA, protein.

We identified proteins in neutrophils that were recognized by
anti-GV and anti-GX sPLA, antisera and that co-migrated
exactly with recombinant GV sPLA, (Fig. 4E) and recombinant
GX sPLA, (Fig. 4F). These recombinant proteins were gener-
ated in E. coli and lack N-terminal signal sequences. Therefore,
our findings are consistent with the notion that the N-terminal
signal sequence of GV and GX sPLA, in neutrophils had been
cleaved.

The identification of multiple sSPLA, enzymes in neutrophils
is consistent with the results of studies of other types of cells, in
which multiple sPLA, enzymes were expressed. Thus, GIIA
and GV sPLA, were identified in mouse bone marrow mast
cells (23), cultured rat astrocytes (78), and rat neonatal car-
diomyocytes,® whereas GIB and GITA sPLA,, were both identi-
fied in epidermis (79) and rat splenic macrophages (80, 81). In
mast cells, GITA sPLA, was recognized in secretory granules
(82), consistent with the putative role of sPLA, in facilitating
secretory granule exocytosis (83), whereas GV sPLA, was iden-
tified in the Golgi apparatus, nuclear envelope, and plasma
membrane (23). To our knowledge, other than human neutro-
phils, no myeloid cells have been identified that express both
GV and GX sPLA,.

Subcellular Localization of GV and GX sPLA, in Human
Neutrophils—Neutrophils contain four types of regulated stor-
age organelles, namely azurophilic, specific, and gelatinase
granules, and secretory vesicles (40). In this study, we identi-
fied GV sPLA, in azurophilic and specific granules, whereas
GX sPLA, was confined to azurophilic granules. In human
neutrophils, most of the bactericidal proteins are localized in
the azurophil granules (84), including bactericidal/permeabil-
ity increasing protein (BPI) (85), CAP37 (azurocidin) (86), and
defensins (87). Therefore, the intracellular fusion of azurophilic
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granules with phagocytosed bacteria, which results in the for-
mation of a phagolysosome (41), would be predicted to generate
a high local concentration of GV sPLA,, GX sPLA,, and multi-
ple bactericidal proteins. Indeed, phagocytosis of OZ results in
the fusion of the phagosome with both azurophilic and specific
granules and in the release of membrane-bound BPI into the
phagolysosome (88). As BPI enhances the ability of sPLA,
enzymes to hydrolyze bacterial phospholipids, it is likely that
the combined action of multiple bactericidal proteins, working
simultaneously, effects bacterial destruction inside the
phagolysosome. The precise roles of GV and GX sPLA, in
bacterial eradication following phagocytosis remains to be de-
fined. However, the recent demonstration that human GV and
GX sPLA, can both kill Gram-positive bacteria in vitro (89)
supports a role for these proteins in bacterial eradication fol-
lowing phagocytosis.

Identification of GV sPLA, in the Extracellular Fluid of
[MLP- and OZ-stimulated Neutrophils—Both GV and GX
sPLA,s are both expected to be secreted enzymes. SignalP
analysis (90) of the amino acid sequences of GV and GX sPLA,
for the presence of potential cleaved signal sequences predicted
that both GV sPLA, (signal peptide probability = 1.0) and GX
sPLA, (signal peptide probability = 0.997) have a cleaved sig-
nal sequence. The predicted cleavage site for GV sPLA, is
between Gly-20 and Gly-21 (maximum cleavage site probabil-
ity = 0.864), whereas the predicted cleavage site for GX sPLA,
is between Gly-31 and Glu-32 (maximum cleavage site proba-
bility = 0.502).

Stimulation of human neutrophils with fMLP or OZ leads to
the release of GV sPLA, into the extracellular fluid (cf. Fig. 6).
By comparing the density of the band on the Western blot that
corresponds to released GV sPLA, with the density of the band
corresponding to 1.5 ng of recombinant GV sPLA, (Fig. 6B), we
estimate than 10 fMLP-stimulated neutrophils release ~0.9
ng of GV sPLA,. As shown in Fig. 7A, 1 ng of recombinant GV
sPLA, corresponds to ~10 units of PLA, activity. As 20 million
PMNs release ~100 units of PLA, activity/ml after exposure to
fMLP (or 0.5 ng/million neutrophils, c¢f. Fig. 6A), the amount of
GV sPLA, release by neutrophils, estimated by Western blot-
ting and activity analysis, is in general agreement.

In contrast to the results of the Western blot analysis for GV
sPLA,, proteins that co-migrated with mature GX sPLA, were
not detected in the extracellular fluid of fMLP- or OZ-stimu-
lated neutrophils, despite the fact that the positive control with
1 ng of added recombinant GX sPLA, gave a readily detectable
band. Furthermore, as little as 0.2 ng of recombinant GX sPLA,,
could be detected by Western blot analysis, even when added to
the crude neutrophil lysate (not shown). Therefore, if neutro-
phils release mature GX sPLA, following exposure to fMLP or
0Z, the amount released is less than 0.2 ng/10° cells. Control
and fMLP-stimulated neutrophils both released a protein into
the extracellular fluid with a mass of ~19 kDa that cross-reacts
with the anti-GX sPLA, antiserum. This cross-reacting protein,
which was also identified in the soluble fraction of neutrophils
(Fig. 4F), could represent pro-GX sPLA, (i.e. GX sPLA, prior to
cleavage of the N-terminal propeptide) or glycosylated GX
sPLA, (36). As pro-GX sPLA, has relatively low enzymatic
activity compared with that of the mature protein (36), the
presence of pro-GX sPLA, in the extracellular fluid of neutro-
phils would not be predicted to contribute to the PLA, activity
released by neutrophils. In any case, our results showing that
concentrations of indoxam that inhibit GV but not GX sPLA,
block virtually all of the PLA, enzymatic activity released by
neutrophils after fMLP stimulation (Fig. 8) also strongly argue
that enzymatically active GX sPLA, is not present in the ex-
tracellular fluid of fMLP-stimulated cells.
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The appearance of relatively small amounts of GV sPLA, in
the extracellular fluid of neutrophils exposed to fMLP is con-
sistent with the fact that azurophilic and specific granule con-
tents are poorly mobilized in response to this bacterial tripep-
tide (55). However, as GV and GX sPLA, were both identified in
azurophilic granules, we anticipated that GV sPLA, release by
fMLP- or OZ-stimulated cells would be associated with some
GX sPLA, release. The reason for the failure to identify mature
GX PLA, in the extracellular fluid of fMLP- or OZ-stimulated
cells is not readily apparent but may have be due to proteolytic
degradation of this protein following degranulation. Alterna-
tively, it is possible that GX sPLA,, like BPI (88), is a mem-
brane-associated protein in azurophilic granules and is not
released into the extracellular fluid after exposure to fMLP or
OZ. It may be noted that recent studies with rat mesangial cells
show that ~80% of the GIIA sPLA, in these cells is secreted
after agonist stimulation, whereas most of the GV sPLA, re-
mains in an intracellular compartment (91). Thus, it would
appear that not all sPLA,s are secreted to the extracellular
space following agonist-induced cell activation.

Extracellular GV sPLA, Does Not Participate in Neutrophil
LTB, Synthesis—A model of plasma membrane phospholipid
hydrolysis by sPLA, enzymes has been proposed in which en-
dogenous sPLA, enzymes are released and bind to the plasma
membrane in a paracrine fashion (22). In this model, hydrolysis
of plasma membrane phospholipids by the bound sPLA, en-
zyme leads to the production of free fatty acids, including
arachidonic acid, that may be utilized for subsequent eico-
sanoid production (24, 24, 93). Endogenous GV sPLA, released
by neutrophils could theoretically hydrolyze neutrophil plasma
membrane phospholipids via a similar mechanism, as exog-
enously added recombinant human GV sPLA, promotes free
fatty acid release and LTB, synthesis from these cells (94).
Catalytically active recombinant GV sPLA, was required to
induce LTB, synthesis by neutrophils, because the H48A GV
sPLA, mutant, which lacks catalytic activity, failed to induce
LTB, release by these cells (95). Taken together, these studies
are consistent with a role for extracellular GV sPLA, in neu-
trophil LTB, synthesis. In support of this hypothesis, we found
that fMLP-stimulated neutrophils release GV sPLA,, which
accounts for most, if not all, of the PLA, activity in the extra-
cellular medium. However, we found that co-incubation with
indoxam, which showed strong potency and specificity for the
inhibition of GV sPLA,, completely blocked extracellular PLA,
activity, but had no effect on LTB, synthesis by fMLP-stimu-
lated neutrophils. The reason for the discrepancy between our
results and others (75, 94) is not established but may be due to
the fact that much higher concentrations of GV sPLA, were
added to neutrophils (~1400 ng/ml) (95) than are generated
endogenously (=1 ng/10° neutrophils or 20 ng/ml in this study)
following exposure to fMLP (cf. Fig. 6B). The failure of the
relatively low levels of endogenous GV sPLA, that were re-
leased by fMLP-stimulated neutrophils to participate in ex vivo
LTB, synthesis does not exclude the possibility that GV sPLA,
plays a role in neutrophil LTB, synthesis during an inflamma-
tory response in vivo, because GV sPLA, released by other
myeloid cells, such as macrophages, could induce this response
if present in the extracellular fluid at relatively high concen-
trations. Alternately, it is possible that higher local concentra-
tions of GV sPLA, are generated by neutrophils during an
inflammatory response in vivo than by neutrophils treated
with fMLP in vitro.

It is possible that the 19-kDa band detected by Western blot
analysis in the extracellular medium of control and fMLP-
stimulated neutrophils, using the anti-GX sPLA, antiserum
(cf. Fig. 6C), is pro-GX sPLA,. If this is the case, GX sPLA,
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released by neutrophils could participate in LTB, biosynthesis,
if pro-GX sPLA, could be converted to mature GX sPLA, by
extracellular proteases during an inflammatory response in
vivo. For this to occur, neutrophils would have to generate at
least 10 ng of GX sPLA,/ml, as this is the concentration of GX
sPLA, that is required to produce detectable eicosanoid forma-
tion in a variety of mammalian cells treated with exogenous GX
sPLA, (26, 27). In general, it is very difficult to assess the role
of extracellular sPLA,s in eicosanoid generation from in vitro
studies alone. This is because it is difficult to relate the con-
centrations of sPLAys in the extracellular medium of neutro-
phils in vitro to the concentrations of these enzymes in an
inflammatory exudate in vivo. Whole animal studies with
sPLA,-deficient mice or highly specific SPLA, inhibitors are
warranted to evaluate the role of sPLA, enzymes in eicosanoid
biosynthesis in vivo. The failure to identify GIIA PLA, in neu-
trophils (¢f. Fig. 2E and Fig. 4B) does not preclude a role for this
enzyme in the generation of eicosanoids during an inflamma-
tory response in vivo, as GIIA sPLA, could be released by other
pro-inflammatory cells, such as macrophages or eosinophils
(61, 96). In fact, the identification of high levels of GIIA sPLA,
in inflammatory exudates strongly supports a role for GIIA
sPLA, in inflammation (15, 97, 99, 100).

cPLA,a Regulates fMLP-induced Neutrophil LTB, Biosyn-
thesis—In a previous study (44), we showed that the potent
cPLA, inhibitor MAFP blocked virtually all of the arachidonate
release by neutrophils stimulated with fMLP. Similarly, Baul-
dry and Wooten (101) showed that cPLA, activation could
provide arachidonic acid for LTB, biosynthesis by permeabi-
lized human neutrophils. In addition, co-incubation with dithi-
othreitol, which would inactivate endogenous sPLA, activity,
had no effect on LTB, biosynthesis by permeabilized neutro-
phils (101). These results support the hypothesis that cPLA,,
rather than a sPLA,, catalyzes the release of arachidonic acid
that is the precursor of LTB, in neutrophils. To evaluate di-
rectly the role of cPLA, in neutrophil LTB, biosynthesis, cells
were incubated with the selective cPLA,«a inhibitor pyrroli-
dine-1 (51, 52). This compound offers a number of advantages
over MAFP. It is highly potent against cPLA,«, leading to 50%
inhibition when present at a mole fraction of ~0.002 in a
number of in vitro assays, is a poor inhibitor of cPLA,y and
calcium-independent group VI PLA, (MAFP inhibits this en-
zyme), and does not cause detectable inhibition of GIIA, V, or X
sPLA, activity (52). In addition, pyrrolidine-1 blocks arachi-
donic acid release by Ca%* ionophore-stimulated Chinese ham-
ster ovary cells that were stably transfected with cPLA,« (52).
We found that preincubation with pyrrolidine-1 results in a
dose-dependent and complete inhibition of fMLP- or OZ-in-
duced LTB, release by neutrophils. The IC;, value for pyrrol-
idine-1 inhibition of LTB, release was between 0.1 and 1.0 uM,
which is similar to the IC;, value for pyrrolidine-1 inhibition of
cPLA,« activity in multiple cell lines (52). Therefore, it appears
that cPLA,«, and not extracellular GV sPLA,, is responsible for
the rapid liberation of arachidonate that is metabolized to
LTB, following neutrophil activation by fMLP or OZ.

Possible Role of GV sPLA, in Neutrophil-mediated Gram-
negative Bacterial Phospholipid Hydrolysis—Gram-negative
bacteria have a plasma membrane, an anionic peptidoglycan
cell wall, and an outer layer of lipopolysaccharide (72). The
highly dense and anionic cell wall and lipopolysaccharide lay-
ers limit the ability of extracellular sPLA, enzymes to access
and hydrolyze the plasma membrane. However, following dis-
ruption of the cell wall by polymyxin antibiotics or BPI (48, 72),
cationic enzymes such as GIIA sPLA, may gain access to the
plasma membrane and kill the bacteria (59, 102), and a clear
link has been established between envelope phospholipid deg-
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radation and overall Gram-negative bacterial destruction (69).
We found that recombinant GIIA sPLA,, in the presence of
serum, hydrolyzed phospholipids from E. coli that lack PLA,
activity more efficiently than recombinant GV sPLA,, whereas
recombinant GX sPLA, did not catalyze detectable bacterial
phospholipid hydrolysis. These data are consistent with the
fact that GITA sPLA, has a high pI (>10.5) (72), is well de-
signed to hydrolyze anionic bacterial phospholipids, and has
been shown to hydrolyze E. coli in vivo (70). GV sPLA, has a
lower pl but is still >7, and so it would be predicted to have
intermediate activity on anionic cell wall-bound E. coli mem-
branes, whereas GX sPLA, has an acidic pI and does not
hydrolyze E. coli phospholipids. The permissive effect of serum
on GITA and GV sPLA,-mediated E. coli phospholipid hydrol-
ysis was likely due to the presence of BPI and (sublethal)
assemblies of the membrane-attack complex of complement,
which promote GITA PLA, action against Gram-negative bac-
teria by producing sublethal alterations of the outer envelope of
these bacteria (48, 92). As GV sPLA, was the only sPLA,
enzyme released by neutrophils, these results point to a poten-
tial role for extracellular GV sPLA, in neutrophil-mediated E.
coli phospholipid hydrolysis in vivo. It is also possible that GV
sPLA, bound to E. coli may augment bacterial phospholipid
hydrolysis after phagocytosis of the bacteria by neutrophils, as
described for GIIA sPLA, (3, 69). Extracellular GV sPLA, re-
leased by neutrophils may also participate in the eradication of
Gram-positive bacteria, including Listeria monocytogenes, En-
terobacter faecium, Enterococcus faecalis, and methicillin-sen-
sitive and -resistant Staphylococcus aureus, because co-incuba-
tion of these bacteria with rat, human, and mouse GV sPLA,s
resulted in significant bactericidal activity in vitro (69, 89).
However, the in vivo bactericidal activity GV sPLA,, which is
less potent than GIIA sPLA,, remains to be established.

In summary, we have shown that human neutrophils ex-
press GV and GX sPLA, mRNA and contain GV and GX sPLA,
protein. GV sPLA, is present in both azurophil and specific
granules, whereas GX sPLA, is confined to azurophil granules.
Stimulation with fMLP or OZ results in the selective release of
GV sPLA, by neutrophils. However, inhibition of extracellular
GV sPLA, activity has no effect on neutrophil LTB, synthesis,
which was shown to be fully dependent on cPLA,« activity. In
contrast, 10-100 ng/ml amounts of GV sPLA, were able to
hydrolyze E. coli phospholipids in the presence of human se-
rum and may therefore participate in neutrophil-mediated E.
coli degradation in vivo. The possibility that granule-bound GV
and/or GX sPLA, is released into phagolysosomes and partici-
pates in the eradication of ingested bacteria or other pathogens
remains to be evaluated.
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