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REDUCED PHOSPHOLIPASE A; ACTIVITY IS NOT ACCOMPANIED BY
REDUCED ARACHIDONIC ACID RELEASE
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Arachidonic acid release in cells highly over expressing cytosolic
phospholipase A2 has been attributed to mitogen-activated protein kinase
phosphorylation of cytosolic phospholipase A2 on serine-505. To
investigate the role of cytosolic phospholipase A in cellular physiology, we
attempted to inhibit cytosolic phospholipase A in the intact cell employing
an antisense RNA strategy. Swiss 3T3 cells were stably transfected with
an antisense cytosolic phospholipase A2 expression vector. A clone of cells
with reduced immunodetectable cytosolic phospholipase A3, compared to a
vector transfected cell line, was identified by Western blotting and a
corresponding decrease in phospholipase A activity was confirmed by
enzymatic assay in cell free extracts. However, arachidonic acid release
from intact cells in response to agonists was not different between
antisense and control cell lines. Thus, arachidonic acid release in intact
cells with decreased cytosolic phospholipase Ay activity is likely to be
modulated by rate limiting factors that are extrinsic to cytosolic
phospholipase Aj. o 1994 academic press, Inc.
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Abbreviations: PLA»> phos?holipase A2; cPLA> cytosolic phospholipase
Ap; sPLA; secretory phospholipase A2; PDGF platelet derived growth
factor; PMA phorbol myristate acetate; EGF epidermal growth factor; DTT
dithiothreitol; EGTA ethylene glycol bis(b-aminoethylether)-N,N,N',N'-
tetraacetic acid; EDTA ethylenediaminetetraacetic acid; MAP kinase
mitogen-activated protein kinase; G protein guanine nucleotide-binding
regulatory protein; DMEM Dulbecco's modified Eagle's medium; CMV
cytomegalovirus.
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Prostaglandins and leukotrienes, metabolites of arachidonic acid,
have diverse biological roles in inflammatory processes, mitogenesis, ion
channel activity and the regulation of vascular tone (1). Phospholipase A»j
(PL A7) mediated release of arachidonic acid from the sn-2 position of
membrane bound phospholipids is thought to be the rate limiting step in
the generation of eicosanoids (2). Two major types of PLA, are recognized
in mammalian cells: a class of low molecular weight secretory PLA2's
(sPLAj, 14-16 kDa) and a 110 kDa cytosolic PLA2 (cPLA3). The gene
encoding the latter enzyme, cPLAj, was recently cloned and is thought to
be responsible for agonist-stimulated cellular arachidonic acid release. In
contrast to sPLAj's, it is selective for arachidonic acid, activated by
nanomolar concentrations of Ca2+ and is insensitive to DTT (3,4).
Overexpression of cPLA2, but not secretory PLA> lead to agonist induced
increases in arachidonic acid release in CHO cells (5). Several agonists,
PMA, EGF, tumor necrosis factor and interleukin-1 increase both
arachidonic acid release in intact cells and PLAj activity in cell free
extracts through augmented cPLA2 RNA levels and/or phosphorylation of
cPLA2 (6-12). Recently, regulation of cPLAy activity by agonists and
agonist induced arachidonic acid release have been found to depend on
phosphorylation of serine-505 of cPLA; by MAP kinase (13,14). These
data suggest that the major mechanism controlling arachidonic acid release
in intact cells is intrinsic to ¢cPLA and mediated by phosphorylation.

The role of PLA2 products in cellular processes has previously been
examined by testing the effect of inhibitors of cyclooxygenase,
lipoxygenase or cytochrome P450 (1). However, these inhibitors may have
non-specific effects and the results obtained with them are complicated by
increased metabolism of arachidonic acid through alternate pathways,
when one pathway is blocked. In order to clarify the role of eicosanoids in
cellular physiology, we sought to specifcally inhibit ¢cPLA7 activity by
expressing antisense cPLA; RNA (15).

Of interest, we found that reduced expression of cPLAj at the protein
level and reduced PLAj activity in cell free extracts was not accompanied
by reduced arachidonic acid release from intact cells. This unexpected
observation has important implications for understanding the control of
arachidonic acid release.

METHODS

Selection of antisense clones. Murine cPLAy cDNA (3) (generously
provided by Dr Lih-Ling Lin and Dr J. L. Knopf, Genetics Institute,
Cambridge) was excised from its pMT2 vector with Sal 1 and EcoR1
(nucleotides 1 to 2384), filled in with Klenow and ligated in the antisense
orientation into the Xba 1 site of pRcCMV (Invitrogen), which was also
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filled in with Klenow to form the plasmid pASP (Fig 1). The pRcCMV
vector uses a CMV promoter to express cDNA and also carries a neomycin
resistance gene driven by an SV40 promoter. Swiss 3T3 cells (ATCC) were
transfected with the antisense RNA expression vector, pASP, or the vector,
pRcCMV, using a modified calcium phosphate technique (16). The cells
were selected 1n 600 pg/ml G418 and individual clones isolated with a
cloning cylinder.

Western blotting The corresponding vector or antisense cells were lysed
in a buffer containing 50 mM Trnis-HCI pH 7.4, 150 mM NaCl, 1 mM EGTA,
1 mM EDTA, 10 % glycerol, 1% Triton X100, 10 pg/ml leupeptin and 2 mM
PMSF. Five ug of protein, (17) from each lysate was separated by SDS-
PAGE on a 7.5% gel and transferred to Immobilon (Millipore). Blots were
probed with anti-cPLA, antibody (#7905 generously provided by Dr Lih-
Ling Lin and Dr J. L. Knopf, Genetics Institute) diluted 1/5000, incubated
with goat anti-rabbit antibody linked to horseradish peroxidase and
developed by ECL (Amersham). The results were quantitated by
densitometry.

PL A, activity in cell extracts These assays were similar to those
previously outlined (6-9). Confluent cells in 100 mm dishes were
preincubated for 40 minutes in 40 mM Hepes, pH 7.3, 1 mg/ml BSA and
DMEM. The cells were washed and homogenized with 50 mM Hepes, [pH
7.5, 1 mM EDTA, 1 mM EGTA, 250 mM sucrose, 2 mM PMSF, 40 pg/m
leupeptin, 40 pg/ml pepstatin, spun at 1000 g to eliminate nuclei and then
at 100,000 g to obtain cytosol. PLA» was assaﬁd in homogenization buffer
containing 20 u% of protein, 5 mM calcium, 5 mM DTT, 15 uM 1-stearoyl-2-
[14Clarachidonyl phosphatidylcholine (Amersham) substrate (dissolved in
DMSO) in a volume of 40 ul for 15 minutes at 37°C. Arachidonic acid and
phospholipids were then separated by thin layer chromatography.
Arachidonic acid release As previously described (18) confluent cells
in 60 mm dishes were labelled for 24 hours with 0.5 uCi [3H]arachidonic
acid per dish. They were then washed with 40 mM Hepes, pH 7.3, DMEM
and Spmg/ml BSA and preincubated in 40 mM Hepes, pH 7.3, DMEM and 1
mg/ml BSA for 40 minutes. The media was changed and agonists added
for 30 minutes at 37°C. The media was collected, centrifuged at 16,000 g
to eliminate cellular debris and then counted. Results are expressed as a
percent of the basal arachidonic acid release in each cell type.

RESULTS AND DISCUSSION

Murine Swiss 3T3 cells were selected for study since intracellular
signalling has been extensively characterized in these cells. Murine cPLA>
cDNA, subcloned in the antisense orientation into the expression vector
pRcCMV (Fig 1), was transfected into Swiss 3T3 cells and 42 G418 resistant
clones were selected. Immunodetectable cPLA2 was determined by
Western blotting The clone with the greatest reduction in cPLA»
expression was selected for further characterization and is designated
“antisense”, while a clone of cells transfected with the pRcCMV vector alone
was used as a control. Western blotting (Fig 2) demonstrated a 65 %
reduction in cPLAj expression at the protein level in the antisense cell line
compared to the vector clone. Clones with greater degrees of reduction in
PLA2 activity may have grown too slowly to be isolated by this protocol.

PLA activity was assayed in cell free extracts from these cells in the
presence of DTT. Previous work by other investigators has shown cPLA»3 to
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Fig. 1. Schematic representation of the antisense cPLA2 RNA expression
vector, pASP.

Fig. 2. Western blot of cPLA>. 5 ng of protein from the cell lines stably
transfected with the pRcCMV vector (lanes1 and 2) or the antisense cPLAj
RNA expression vector, pASP, (lanes3 and 4) was transferred to
Immobilon and probed with anti-cPLA} as described in Methods.

Ampicillin

be the major component of DTT insensitive PLA7 activity in cell free
extracts derived from cells in culture (6,7,19). After 40 minutes of serum
starvation (conditions similar to those used for arachidonic acid release)
PL A9 activity in cell free extracts was 102 + 14 pmol/mg/min in the vector
cell line and 56 + 7 pmol/mg/min (3 experiments, mean * S.E., p < .01) in
the antisense cell line, corresponding to a 46 % reduction in PLAj activity.
There was minimal stimulation of phospholipase Aj activity in cell free
extracts in either antisense or vector cell lines. Serum starvation did not
lead to the differences in PLA> activity, since cell free PLA2 activity was
reduced by 63 % from 46 + 3 pmol/mg/min in the vector cell line to 12 £ 1
pmol/mg/min in the antisense cell line (4 experiments, mean * .S.E, p <
.01, different batch of substrate). The parallel reduction in cPLA7 protein
expression and PLAj activity in cell free extracts further supports the
hypothesis that cPLA; may be regulated by changes in transcription as
well as by direct phosphorylation (10).

It was anticipated that arachidonic acid release would be reduced in
the antisense cell line concomitant with the reduction in cPLA2 activity.
Analysis of total neutral lipids showed equal incorporation of
[3H]arachidonic acid into phospholipids in both the vector and antisense
cell lines (data not shown). Measurements of arachidonic acid release,
using the same passage of cells as the cell free PLA) assay, revealed no
difference in the response to the Ca2+ ionophore, A23187, PDGF, PDGF +
A23187 or PMA + A23187 (Fig 3).

This unexpected result indicates that arachidonic acid release is not
directly proportional to cPLAj7 activity, as predicted by recent results when
mutant and wild type cPLA2 were highly overexpressed in CHO cells (13).
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Fig. 3. Arachidonic acid release. The vector (open bars) or antisense cell
lines (hatched bars) were labelled with [3Hjarachidonic acid, serum starved
for 40 minutes, stimulated with A23187(2 uM), A23187(2 uM) + PMA(300
nM), PDGF(50 ng/ml) or PDGF(50 ng/ml) + A23187(2 uM) for 30 minutes
and the media radioactivity was counted. Results are expressed as a
percent of basal [3H] counts in each cell type. All agonists caused a
signi]ficam increase in [3H] arachidonic acid release compared to the basal
level.

A large body of evidence suggests that cellular arachidonic acid
refease is primarily mediated by the action of PLAj;. Mepacrine, an
inhibitor of PLA», decreases arachidonic acid release (20). QOur own
previous studies, which utilized double labelling of glomerular mesangial
cell lipids and the measurement of lysophospholipids, also indicate that
agonist-stimulated arachidonic acid release derives principally from
activation of PLA2 (21). In fact, the biosynthesis of lysophospholipids, the
hallmark of PLA; activity, has been detected by many investigators in
response to agonists (22).

Recent evidence indicates that among the various species of PLAj, it
is cPLAj, which accounts for agonist-responsive arachidonic acid release
following its phosphorylation on serine-505 by MAP kinase (5,13,14). The
present finding may be considered consistent with cPILA2 being the major
enzyme responsible for cellular arachidonic acid release in Swiss 3T3 cells.
It is unlikely that the vector and antisense cells have different degrees of
phosphorylation of serine-505 in the intact cell versus cell free extracts,
since changes in phosphorylation of this site are reflected in assays of cell
free extracts (13, HG unpublished). Therefore, we postulate that factors
extrinsic to cPLA» are able to increase arachidonic acid release by cPLA» in
the antisense cell line relative to the vector cell line. The net effect is that
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the vector and antisense cell lines release equivalent amounts of
arachidonic acid in vivo despite discordant PLAj activity in vitro. Several
possibilities may account for this finding. Firstly, numerous reports show
GTP analogues, pertussis toxin, dominant negative G proteins or dominant
negative RAS proteins modulate arachidonic acid release suggesting that
cPLA2, like phospholipase C, may be directly regulated by a G protein (1,
23-26). It is possible that there may be differential effects of such a G
protein in the intact cell, which are not mirrored in PLA2 assays in cell free
extracts. However, G proteins are generally not thought to be rate limiting
for signal transduction. A second possibility is that there is another
protein, such as PLA2 activating protein, which regulates cPLA2 in intact
cells, whose effect is not apparent in cell free PLAs assays (27). Lipocortin
inhibits PLAj3 activity in vitro by binding to lipid substrate (28), however
its role in vivo is unclear.

The above results could also be due to limitation of arachidonic acid
release by substrate availability or rapid reacylation of released
arachidonic acid in vivo. Arachidonic acid release may vary depending on
subcellular compartmentalization of arachidonic acid and its incorporation
into different phospholipids in vivo (29, 30). The subcellular distribution
of the [3H]arachidonic acid used to label the cells in this study and the
accessibility of cPLAj to it remains to be characterized.

A final possibility for our anomalous result is that a major proportion
of arachidonic acid may be released by enzymes other than cPLA2 such as
calcium independent forms of PLAj (31), secretory PLA2 or diacylglycerol
lipase (32).

Although there have been no previous reports of the expression of
antisense cPLAs RNA, other experiments provide indirect support for our
hypothesis that arachidonic acid release in intact cells is not directly
proportional to intrinsic ¢cPLA7 activity. Forskolin, which stimulates a rise
in cAMP concentration, strongly inhibits arachidonic acid release in intact
glomerular mesangial cells, but has no effect on PLA»> activity in a cell free
assay (6,HG unpublished). Furthermore, it has recently been demonstrated
that cycloheximide and actinomycin can substantially inhibit arachidonic
acid release in response to PDGF in Swiss 3T3 cells, without affecting PLA?
activity in a cell free assay (33).

In summary, the finding of reduced PLAj; activity with unchanged
arachidonic acid release is informative. It is likely that arachidonic acid
release in intact cells is limited by both direct phosphorylation of cPLA>
and by less well characterized factors extrinsic to cPLA2. The latter
extrinsic factors, once identified, may be considered as potential targets for
anti-inflammatory drugs.
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