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Abstract-In pre-labelled AS49 cells epidermal growth factor (EGF) (10 nM) stimulates the release of 
[5,6,8,9,11,12,14,15-3H(N)]-arachidonic acid (3H-AA) by approximately 70%. Increasing Cat’ with 
thapsigargin (50 nM) stimulates 3H-AA release by approximately 120%. However, the combined use 
of these two agents results in a synergistic stimulation of 3H-AA release by over 700%. The EGF 
stimulated release is sensitive to pertussis toxin (10 ng/mL) and guanosine 5’-O-(2-thiodiphosphate) 
suggesting a G protein-mediated event. This is supported by the fact that the G protein activators 
AlF; and guanosine 5’-O(2thiotriphosphate) both stimulate 3H-AA release. The stimulation of 3H- 
AA release by both EGF or direct G protein activation is completely blocked following pre-treatment 
for 3 hr with 1 nM dexamethasone. This effect is reversed with a neutralizing antibody to lipocortin-1 
(1 pg/mL) suggesting that this protein mediates the inhibitory effects of glucocorticoids on agonist 
activated 3H-,4A release. Thapsigargin stimulation of ‘H-AA release is insensitive to dexamethasone 
treatment, A peptide fragment from the N-terminus of lipocortin-1-Lcl3-25 (20-200 pg/mL) mimics 
the effect of glucocorticoid in suppressing both EGF and G protein activated 3H-AA release. A peptide 
with Me-Tyr zsubstituting TyrZ’ is much reduced in activity suggesting that the presence of this residue 
is essential. As peptide Lcl3-25 is not derived from the Ca*‘/phospholipid binding domain of the 
native protein then sequestration of phospholipid substrate for PLAz remains an unlikely mechanism 
of action for I his peptide. 
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In the A549 human lung adenocarcinoma cell line 
PGE2 functions as ,an autocrine modulator of cell 
growth [l]. Growth factors such as EGFO stimulate 
PGE2 release and thus the proliferation of A549 
cells [2]; similar effects have been described in 
BALB/c3T3 cells (31. Glucocorticoids such as 
dexamethasone which inhibit the release of PGE2 
also inhibit AS49 cell proliferation, a process that is 
mediated by inductron of the protein lipocortin-1 
[l]. The cyclooxygenase inhibitor indomethacin also 
inhibits A549 cell proliferation [l] and blocks EGF 
mitogenesis [3] both effects of which can be 
restored by the addition of exogenous PGEz [l, 31. 
Lipocortin-1 was ori,ginally proposed to function by 
inhibiting the activity of PLA2 [4] and thus the 

t Corresponding author. Tel. 0171 982 6069; FAX 0171 
982 6076. 

8 Abbreviations: PLA2, phospholipase AZ; cPLA*, 
cytoplasmic PLA2; sPLA2, secretory PLA,; PLC, phos- 
pholipase C; DAG, diacyl-glycerol; PKC, protein kinase 
C; IPs, inositol triphosphate; MAPK, mitogen-activated 
urotein kinase: GTPYS. guanosine 5’-0-(2-thiotri- 
phosphate); GDP@, guanosin~ 5’-O-(2-thiodiphbsphate); 
AIF:, 25 nM NaF + IL0 ,uM AlC13; Caf’, intracellular 
calcium; EGF/thapsigargin, 10 nM epidermal growth 
factor/50 nM thapsigargin; ‘H-AA, [5,6,8,9,11,12,14,15- 
3H(N)]-arachidonic acid. 

supply of arachidonic acid for metabolism by the 
cyclooxygenase pathway to PGE2. Recently, a novel 
cytosolic, highly selective, high molecular weight 
form of (c)PLA2 has been described in U937 cells 
[5-71 and also by us in A549 cells [8]. This form of 
PLA2 is now thought to mediate growth factor 
activation of arachidonic acid release [9]. A549 
cells do not express sPLA2 activity [8, lo] and 
immunoblotting of cell extracts failed to detect any 
sPLA2 expression whereas cPLA* was found to be 
present [lo]. Furthermore, the release of arachidonic 
acid from the concerted action of PLC and DAG 
lipase does not appear to play a major role in these 
cells [8]. Thus, it seems that the mechanisms 
employed by A549 cells to generate arachidonic acid 
are probably solely dependent on cPLA2. In this 
study we investigate the possibility that lipocortin-1 
is a key regulatory factor in the signal transduction 
systems which release arachidonic acid by cPLAr 
activation. We describe here the G protein-mediated 
regulation of arachidonic acid release in A549 cells 
by EGF and the involvement of lipocortin-1 as an 
inhibitor of the signal transduction sequence leading 
to cPLAz activation in these cells. 

MATERIALS AND METHODS 

Materials. Genestein and methyl 2,5-dihydroxy- 
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cinnamate were from Gibco. The DAG-lipase 
inhibitor RG80267 was from RhGne-Poulenc- 
Rorer. 3H-AA (3700 GBq/mmol) was from NEN. 
Monoclonal antibodies to lipocortin-1 were gen- 
erously provided by Dr J. Browning (Biogen). All 
other agents were from Sigma, U.K. Peptides and 
growth factors were stored and dispensed in 
siliconized plastic ware. 

Cell culture. A549 cells (Flow) were maintained 
in continuous log phase growth in DMEM/F-12 
containing phenol red and 10% FCS in T-150 flasks 
(Greiner). The cells were not allowed to reach 
confluence at any time as this diminishes their 
response to growth factors. The cells were 
routinely checked for the absence of mycoplasma 
contamination. 

Measurement of arachidonic acid release. Sub- 
confluent cells were seeded into 12-place multi-well 
plates (Falcon) at 3 x lo5 cells/ml/well in DMEM/ 
F-12, 10% FCS and incubated overnight. 3H-AA in 
ethanol was evaporated to dryness under N2 and 
resuspended in an appropriate volume of DMEM/ 
F-12 (w/o phenol red) and after vortex mixing left 
at 37” for 1 hr. After washing the cells with PBS, 
9.25 kBq of 3H-AA in 0.5 mL DMEM/F-12 (w/o 
phenol red) was added to each well and incubated 
overnight. The media containing free 3H-AA was 
then removed and the cells washed three times with 
1 mL DMEM/F-12 containing 1 mg/mL BSA. The 
cells thus labelled with 3H-AA were then treated 
with test agents or vehicle controls diluted into 
DMEM/F-12 (w/o phenol red) for the indicated 
times. After incubation, 0.4mL of medium was 
removed from each well for scintillation counting. 
In experiments using guanine nucleotide analogues 
or neomycin it was necessary to permeabilize the 
cells prior to addition of the test agents by treating 
with saponin (40 pg/mL) in DMEM/F-12 for 3 min 
[ll, 121. 

Peptide preparation. All peptides were kindly 
synthesized by Dr G. Schnorrenberg (Boehringer 
Ingelheim KG, D-6507 Ingelheim am Rhein, 
Germany) and purified by HPLC. The sequences 
were validated by FAB-MS. The peptides were 
prepared as N-acetyl derivatives to enhance biological 
stability thus: Peptide Lcl-12 (MAMVSEFLKQ- 
AW), Peptide Lc13-25 (FIENEEQEYVQTV), Pep- 
tide Lc21-33 (YVQTVKSSKGGPG) and Peptide 
Lc13-25(Tyr-Me21) (FIENEEQE[Y-Me]VQTV). 

Statistical analysis. All experiments were per- 
formed in triplicate (N = 3) and each experiment 
presented is a typical example of at least three such 
experiments. Results are expressed as the mean 
f 1 SD and presented as percentage changes. All 
statistical calculations were performed on the raw 
numerical data of the experiments presented. 
Student’s t-test (unpaired) with the Bonferonni 
Correction to allow for multiple testing within each 
group was used to determine statistical significance 
with P < 0.001 as the nominal value for significance. 

RESULTS 

EGF and thapsigargin synergistically stimulate 
arachidonic acid release 

Treatment of A549 cells for 30 min with 10 nM 

EGF alone increases 3H-AA release by up to 70% 
above control levels (Fig. 1A). However, treatment 
for a further 30 min with thapsigargin synergistically 
stimulates 3H-AA release by up to 700% above 
control levels in a dose-dependent manner, with an 
EC50 of 50 nM (Fig. 1A). Similarly, treatment with 
50 nM thapsigargin alone for 30 min stimulates 3H- 
AA release by over 100% above control levels (Fig. 
1B). However, pre-treatment with EGF for 30 min 
synergistically stimulates ‘H-AA release in a dose- 
dependent manner up to 400% above control levels 
(Fig. 1B). The effect of thapsigargin on 3H-AA 
release is time dependent (Fig. 1C). Treatment of 
cells with 10 nM EGF followed by 50 nM thapsigargin 
increases release up to 30 min but declines back to 
control levels by 120 min presumably as Ca:+ stores 
are depleted. The effect of EGF and thapsigargin 
on 3H-AA release is sensitive in a dose-dependent 
manner to pre-treatment with dexamethasone (Fig. 
1D). Stimulation by 10nM EGF and 50 nM 
thapsigargin (abbreviated to EGF/thapsigargin 
hereafter) is significantly reversed by lO-‘O M 
dexamethasone (65.8%, P < 0.001) and con- 
centrations above following a 1 hr pre-treatment, 
and by 1O-12 M dexamethasone (69.9%, P < 0.001) 
and concentrations above following a 3 hr pre- 
treatment. This sensitivity by A549 cells to 
dexamethasone is similar to that which we have 
previously reported for inhibition of cell growth [ 11. 

Dexamethasone inhibits EGF stimulated release of 
arachidonic acid via the induction of lipocortin-1 

Pre-treatment of A549 cells with 5 nM dexa- 
methasone for 3 hr completely inhibits EGF (10 nM) 
stimulated release of -‘H-AA (*P < O.OOl), whereas 
thapsigargin (50 nM) stimulated release is not 
significantly affected (Fig. 2A). Therefore the 
reversal of EGF/thapsigargin stimulated release by 
dexamethasone appears to be predominantly at the 
level of the EGF pathway. This inhibition by 
dexamethasone of 3H-AA release is reversed by the 
anti-glucocorticoid RU486 (50 nM, *P < 0.001) 
indicating that this is a receptor mediated effect (Fig. 
2B). Pre-treatment of A549 cells with 1 nM 
dexamethasone for 3 hr significantly (*P < 0.001) 
inhibits the EGF/thapsigargin stimulation of 3H-AA 
release and this effect is reversed by co-incubation 
with 1 pgg/mL of the neutralizing anti-lipocortin-1 
mAb 1A (Fig. 2C). Co-incubation with 1 pg/mL of 
the non-neutralizing anti-lipocortin-1 mAb 1B 
has no significant effect on the dexamethasone 
suppression of 3H-AA release (Fig. 2D). The effects 
are dose dependent as the suppression of 3H-AA 
release by 2 nM dexamethasone is significantly 
(*P -=z 0.001) reversed by 2 pg/mL of mAb 1A but 
not by 1 pg/mL (Fig. 2C), again mAb 1B has no 
effect (Fig. 2D). 

EGFlthapsigargin stimulates arachidonic acid release 
via a glucocorticoid sensitive G protein-dependent 
pathway 

Pertussis toxin inhibits EGF/thapsigargin stimu- 
lated release of 3H-AA in a dose-dependent manner 
between 0.001 and 10 ng/mL (data not shown). Pre- 
treatment of A549 cells with lOng/mL pertussis 
toxin for 3 hr significantly inhibits EGF (10 nM) 



0 -11 -10 -9 -8 -7 -6 

Thapsiigargin concentration (log M) 

1000 

800 

':‘~ 

200 

10 30 SO 90 120 

Time (mln) 

0 1 10 100 

EGF concentration (nM) 

= lh 
111 3h 

0 -12 -11 -10 -9 -8 -7 

Dexamethasone concentration (log M) 

Fig. 1. EGF and thapsigargin synergistically stimulate the release of ‘H-AA in A549 ceils. A. 10 nM 
EGF stimulates 3H-AA release after 30min but treatment with thapsigargin for a further 30min 
synergistically Istimulates release (10 nM and above). B, 50 nM thapsigargin stimulates 3H-AA release 
after 30 min but pre-treatment for 30 min with EGF synergistically stimulates release (1 nM and above). 
C, Treatment with 10nM EGF for 30min followed by a time course with 50nM thapsigargin. D, 
Dexamethasone inhibits the stimulation of 3H-AA release by 10 nM EGFi.50 nM thapsigargin when 

added 1 and 3 hr before treatment. Each point is the mean of 3 wells f 1 SD. 

stimulated release of 3H-AA (*P < O.OOl), whereas 
thapsigar~n (5OnM) stimulated release is not 
significantly affected (Fig. 3A). Therefore the 
reversal of EGF/thapsigargin stimulated release by 
pertussis toxin also appears to be predominantly at 
the level of the EGrF 
A549 cells with 4Opg mL saponin for 3 min is P 

athway. Pre-treatment of 

essential to allow entry of guanine nucleotide 
anaiogues. The pe~eabilization process itself 
releases “H-AA, therefore stimulated release is 
calculated as a percentage change from the 
appropriate saponin control. We found that pre- 
treatment of permeabilized AS49 cells with 100 yM 
GDP@ for 30 min prior to treatment with EGF, 
thapsigargin or their combination signific~tly 
inhibited EGF (“P <: 0.001) but not thapsigargin 
stimulation of 3H-AP. release (Fig. 3B). 

Conversely, 100 ,uM GTP@ stimulated “H-AA 
release above control levels in a time-dependent 
manner, with a maximum stimulation at 30 min (data 
not shown) as has been previously reported [ 11,131. 
Following dexamethasone treatment for 3 hr, and 
after permeabilization for 3 min, A549 cells were 

treated for 30 min with GTPyS and 3H-AA release 
measured. GTP$ (100 PM) stimulated 3H-AA 
release by 30% and this was blocked by pre- 
treatment with dexamethasone in a dose-dependent 
manner (l-lOpM, data not shown). The effect of 
5 pM dexamethasone was significantly reversed by 
50 pM RU486 (*P < 0.001) suggesting a receptor 
mediated event (Fig. 3C). The cell permeable AIF,- 
anion is also a G protein activator that stimulates 
3H-AA release 1131. This is generated by incubating 
A549 cells in DMEM culture media with 25 nM NaF 
and 10 PM AlC13 for 1 hr. AlFd- stimulated 3H-AA 
release by over four-fold above control levels and 
this was significantly (*P < 0.001) inhibited by pre- 
treatment with 5 nM dexamethasone for 3 hr 
(Fig. 3D). The inhibition by dexamethasone was 
significantly (*P < 0.001) reversed by co-incubation 
with 50 nM RU486 (Fig. 3D) again suggesting that 
the effect is receptor mediated. 

Arachidonic acid release is not affected by inhibitors 
of PLC, BAG-lipase, PKC or tyrosine k&se 

In A549 cells pe~eabilized~th 40 ~g/mLsa~nin 
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Fig. 2. Dexamethasone inhibits EGF but not thapsigargin stimulation of 3H-AA via the induction of 
lipocortin-1, a GR-mediated event. A, A549 cells were treated with 5 nM dexamethasone for 3 hr prior 
to the addition of 10 nM EGF or 50 nM thapsigargin (T) or their combination (*P < 0.001 compared 
to EGF alone). B, Cells were treated for 3 hr with 5 nM dexamethasone, 50 nM RU486 (RU) or their 
combination prior to the addition of 10 nM EGF/SO nM thapsigargin (“P < 0.001 compared to all other 
treatments). C, Cells were treated for 3 hr with 1 or 2 nM dexamethasone with 1 or 2 pgg/mL mAb 1A 
as indicated prior to the addition of 1OnM EGF/SOnM thapsigargin (*P < 0.001 compared to 
dexamethasone alone). Values in panel indicate effect of mAb alone. D, Cells were treated for 3 hr 
with 1 or 2 nM dexamethasone with 1 or 2 pg/mL mAb 1B prior to the addition of EGF/thapsigargin. 

Values in panel indicate effect of mAb alone. Each bar is the mean of 3 wells 2 1 SD. 

for 3 min and then treated with neomycin for 3 hr 
prior to stimulation with EGF/thapsigargin, 3H-AA 
release was not significantly affected (Fig. 4A). 
Similarly, in cells pre-treated for 3 hr with the DAG- 
lipase inhibitor RG80267, stimulation of 3H-AA also 
remained unaffected (Fig. 4B). In A549 cells pre- 
treated for 3 hr with the PKC inhibitor H7 prior to 
stimulation with EGF/thapsigargin, 3H-AA was not 
significantly affected (Fig. 4C). Identical results were 
obtained with the PKC inhibitor staurosporine 
(1 nM-10 PM, data not shown). The tyrosine kinase 
inhibitor methyl-cinnamate also failed to block EGF/ 
thapsigargin stimulation of 3H-AA release when pre- 
incubated for 3 hr (Fig. 4D). Identical negative 
results were obtained with the tyrosine kinase 
inhibitor genestein (1 nM-10 @I, data not shown). 

N-terminal peptides from lipocortin-I mimic dexa- 
methasone in the suppression of EGFlthapsigargin 
stimulated arachidonic acid release 

Pre-treatment for 3 hr with peptide Lcl-12 has no 
effect on EGF/thapsigargin stimulated 3H-AA 
release (Fig. 5A). However, peptide Lc13-25 ._ 

dependent manner from 20 pg/mL (10.9 PM) and 
above (P < O.OOl), whereas a scrambled sequence 
of Lc13-25 inhibited release to a lesser extent at 
50 pgg/mL and above (Fig. 5B). Peptide Lc21-33 also 
inhibits stimulated 3H-AA release from 20 ,ug/mL 
(13.1 PM) and above but to a lesser degree (Fig. 
5A), concentrations of 2 and 10 pg/mL were weakly 
stimulatory. This confirms our previous observations 
that Lc13-25 is the most active sequence from the 
N-terminal portion of lipocortin-1 in suppression of 
PGEp release and proliferation of A549 cells [2]. 
The peptide Lc13-25(Tyr-Me2i) is methylated on 
tyrosine 21 and cannot be phosphorylated. This 

peg d ti e inhibited the EGF/thapsigargin stimulation 
of H-AA release to a much lesser degree than Lc13- 
25 (Fig. 5C), thus suggesting that the availability of 
Tyr21 for phosphorylation is important for activity. 
Pre-treatment with 20 pgg/mL Lc13-25 for 3 hr 
completely inhibits the stimulation of 3H-AA release 
by 10 nM EGF whereas thapsigargin stimulated 
release is inhibited but to a lesser degree (Fig. 5D). 
Therefore, the inhibition of EGF/thapsigargin 
stimulated 3H-AA release is predominantly at the 

significantly inhibits stimulated release in a dose- level of the EGF pathway. 
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Fig. 3. Arachidonic acid release is mediated by G protein activation. A, A549 cells were pre-treated 
with 10 ng/mL pertussis toxin for 3 hr prior to the addition of 10 nM EGF, 50 nM thapsigargin (T) or 
their combination. B, Saponin permeabilized cells were pre-treated with 100 @i GDP@ for 30 min 
prior to the a.ddition of EGF/thapsigargin. C, Cells were pre-treated with 5 pM dexamethasone (D), 
50 pM RU486 (RU) or their combination for 3 hr. Then following saponin permeabilization 100 FM 
GTPyS was added for a further 30 min. D, Cells were pre-treated with 5 nM dexamethasone (D), 
50 nM RU486 (RU) or their combination for 3 hr prior to the addition of 25 nM NaF and 10 PM AICI, 

(AIF) for 1 hr. Each bar is the mean of 3 wells 2 1 SD. 

G protein-dependent activation of arachidonic acid 
release is inhibited by glucocorticoids via the induction 
of lipocortin-1 

The stimulation of 3H-AA release by 100 ,uM 
GTP@ is completely inhibited by pre-treatment for 
3 hr with 2pM dexamethasone. This effect is 
completely reversed by co-incubation with 1 pg/mL 
of the neutralizing mAb 1A but not by the non- 
neutralizing mAb 1.B (Fig. 6A). Pre-treatment of 
GTPyS stimulated cells with peptide Lc13-25 for 
3 hr inhibits the release of 3H-AA in a dose- 
dependent manner (0.1-2 ,ug/mL) whereas the 
scrambled peptide did not inhibit (Fig. 6B). 

DISCUSSION 

In this paper we report that EGF and thapsigargin 
each stimulate an increase in the release of 3H-AA 
from A549 cells between approximately 70-120-fold. 
However, combined use of the two agents results in 
a dose-dependent, synergistic stimulation to a 
maximum of between approximately 400 and 700% 
above control levels. The activity of cPLA2 in U937 
cells [6,7,14] and also in A549 cells [8, lo] has been 
shown to rise following physiological increases in 
Caf+, a phenomenon that is mimicked by treatment 

with thapsigargin [15, 161. This is thought to be 
achieved by a translocation of cPLAz from the 
cytosol to membrane where the phospholipid 
substrate is localized [14]. Our data is consistent 
with this hypothesis but suggests that EGF is able 
to further stimulate cPLA2 activity presumably by a 
stable modification as has been described previously 
[17]. Therefore, it seems likely that cPLA2 activity 
is under a dual control of Caf+ and growth factor- 
dependent activation. 

Activation of 3H-AA release by EGF has 
previously been demonstrated to be pertussis toxin 
sensitive [ll, 121. Pertussis toxin is a power inhibitor 
of G proteins belonging to the Gi and G, families. 
We have confirmed that EGF stimulation of 3H-AA 
is also inhibited by pertussis toxin in A549 cells, 
whereas thapsigargin stimulation of 3H-AA release 
is unaffected by this treatment. Furthermore, 
treatment of saponin permeabilized A549 cells with 
GDP@ completely inhibited EGF stimulation of 
3H-AA release, whereas thapsigargin-stimulated 
release was not significantly affected. Therefore, 
these results indicate that the dual control of cPLAz 
in A549 cells by EGF/thapsigargin appears to be 
mediated by a G protein-dependent mechanism 
activated through the EGF signalling pathway. 
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Fig. 4. Inhibitors of PLC, PKC, DAG-lipase and tyrosine kinase do not inhibit ‘H-AA release. A, 
Saponin permeabilized A549 cells were pre-treated with neomycin for 3 hr prior to the addition of 
10 nM EGF/50 nM thapsigargin. B, C, D, All cultures were pre-treated with inhibitor for 3 hr prior to 

the addition of EGF/thapsigargin. Each bar is the mean of 3 wells + 1 SD. 

Extracellular Ca2+ appears to be unnecessary for the 
immediate EGF stimulation of PGE2 release [12] 
and agonist activation of 3H-AA release in A549 
cells [18] as both effects occur in EDTA-containing 
media. We show here that the stimulatory effect of 
thapsigargin on 3H-AA release which is maximal 
after 30 minis completely lost by 120 min presumably 
as Caf+ stores are discharged (Fig. 1C). This pool 
can ultimately be replenished only from the 
extracellular medium. Influx of Ca2+ can itself be 
stimulated by EGF in a G protein-mediated manner 
but by a process which is insensitive to pertussis 
toxin, suggesting that Gi and G, proteins are not 
involved [19]. However, this effect of EGF is 
mimicked by cholera toxin which activates G, and 
AlF4- which is a universal hetero-trimeric G protein 
activator [19] suggesting that other members of the 
G protein family are involved in the Ca2+ influx. As 
pertussis toxin does not inhibit EGF stimulation of 
Ca2+ influx [ 191 then the inhibition of EGF stimulated 
3H-AA release we describe here is presumably only 
manifested at the level of the signal transduction 
cascade that activates cPLA2. Clearly the integration 
of G protein-dependent Ca2+ signalling in mediating 
the effects of growth factors needs to be investigated 
further. 

G protein-dependent activation of 3H-AA release 
is well documented and our results now further 

extend this concept to AS49 cells. Treatment of 
saponin permeabilized cells with 100 ,nM GTP$ 
stimulates 3H-AA release by approximately 30%. 
Furthermore, treatment with AlFz for 1 hr stimulates 
3H-AA release by over 300% above control levels. 
AlF; activates hetero-trimeric G proteins non- 
specifically and particularly the G protein-dependent 
Ca2+ influx [19]. This would account for the much 
greater stimulation of 3H-AA as cPLAz activity is 
increased by a combined rise in Caf+ and G protein- 
dependent activation. Cholera toxin treatment had 
no effect on 3H-AA release in these cells (data not 
shown). 

Our previous work has suggested that PLC does 
not make a major contribution to 3H-AA release in 
AS49 cells [18] and the data presented here further 
supports that. Rather the role of cPLA* seems to be 
more important. The mechanism of activation of 
cPLA2 by the tyrosine kinase activity of the EGF 
receptor has been unclear as cPLA* appears mainly 
to be phosphorylated on Ser-505 [20]. The discovery 
that cPLA2 could be phosphorylated and activated 
by the MAPK [21] otherwise known as ERK and 
also by protein kinase C [22] shed some light on this 
problem. Adrenergic stimulation of fibroblasts 
resulted in activation of p21TaS and a rapid 
phosphorylation of MAPK which increased the 
catalytic activity [23], both effects were blocked by 
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Fig. 5. N-terminal peptides from lipocortin-1 inhibit EGF/thapsigargin stimulation of 3H-AA. A, A549 
cells were pre-treated with peptides Lcl-12 or L&1-33 for 3 hr prior to the addition of 10 nM EGF/ 
50 nM thapsigargin. B, Cells were pre-treated with peptides Lcf_3-25 or its scrambled alternative for 
3 hr prior to the addition of EGF/thapsigargin. C, Cells were pre-treated with peptide Lc1_%25(Tyr- 
Me2’) for 3 hr prior to the addition of EGF/thapsigargin. D, Cells were pre-treated with ZOpg/mL 
Lc13-25 for 3 hr prior to the addition of 10nM EGF, 50nM thapsigargin or their combination 

(*P < 0.001 compared to EGF alone). Each bar is the mean of 3 wells rt 1 SD. 

pertussis toxin [23]. MAPK can act as a substrate 
for diverse enzymes including tyrosine, serine and 
threonine kinases [24] and thus could play a pivotal 
role in coordinating cell signalling. Recently, the 
direct activation of EilAPK in cells transfected with 
pZl”S has been demonstrated circumventing the 
requirement for growth factor activation [25]. This 
reinforces the concept that the cascade of events 
which follows growth factor treatment is an activation 
of p21”’ which in turn activates MAPK and 
subsequently cPLA2. Other intermediary kinases of 
other pathways may be involved 126,271 and the 
integration of these pathways is currently being 
evaluated [28,29]. In particular, however, ourresults 
suggest that PKC does not appear to be involved in 
this case. 

The EGF/thapsigargin stimulation of 3H-AA 
release is significantly inhibited by pre-treatment 
with dexamethasone in a dose-dependent manner 
from concentrations of 1 pM and above. This reflects 
the sensitivity of A549 cetl proliferation to inhibition 
by glucocorticoids [I.], Dexamethasone treatment 
significantly inhibits EGF stimulation of 3H- 

AA release whereas thapsigargin stimulation is 
unaffected. Furthermore, the effect of dexa- 
methasone is significantly reversed by a lo-fold 
excess of RU486. This indicates that glucocorticoids 
can inhibit the EGF stimulated pathway of cPLAz 
activation by a receptor mediated event. The 
stimulation of 3H-AA release by GTPfl is 
also completely inhibited by pre-treatment with 
dexamethasone and this effect is also reversed by a 
lo-fold excess of RU486. This indicates that the 
glucocorticoid suppression of this pathway is 
downstream of G protein activation. Similarly, AIF,- 
stimulation of 3H-AA release is also significantly 
inhibited by dexamethasone but to a lesser degree 
indicating that a component of A1F4-activation 
is insensitive to glucocorticoids. However, the 
inhibition by dexamethasone is completely reversed 
by RU486 reinforcing theconcept that glucocorticoids 
inhibit G protein activation of 3H-AA by occupancy 
of their receptor. 

We have previously described how treatment of 
A549 cells with dexamethasone results in the 
appearance of lipocortin-1 on the surface of these 
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Fig. 6. Dexamethasone inhibits G protein-dependent 
activation of 3H-AA release via the induction of lipocortin- 1. 
A, A549 cells were pre-treated with 2 pM dexamethasone 
and with 1 pg/mL mAb 1A or 1B for 3 hr. Then following 
saponin permeabilization, treated with 100 $vl GTPyS for 
30 min (*P < 0.001, compared to dexamethasone alone). 
B, Cells were pre-treated for 3 hr with peptide prior to 
saponin permeabilization followed by treatment with 
100 PM GTPyS for 30 min. Each bar is the mean of 3 wells 

?lSD. 

cells [ 11. Furthermore, by using specific neutralizing 
monoclonal antibodies (mAb 1A) and anti-sense 
oligonucleotides we have shown that lipocortin-1 
mediates the inhibition of cell growth induced by 
dexamethasone by suppressing the release of PGEz 
necessary for their proliferation [l, 301. The addition 
of recombinant human lipocortin-1 to A549 cells 
suppresses PGE, release and cell growth [I]. We 
now show here that the inhibition of EGF/ 
thapsigargin stimulated 3H-AA release by dexa- 
methasone is reversed by co-incubation with the 
neutralizing monoclonal antibody lA, whereas the 
non-neutralizing antibody 1B had little effect. This 
indicates that lipocortin-1 inhibits the release of 
PGEz and AS49 cell growth by directly blocking the 
stimulation of the release of 3H-AA. Moreover, we 

have further shown that the dexamethasone 
inhibition of G protein-dependent activation of 3H- 
AA release is also reversed by anti-lipocortin-1 mAb 
IA and not 1B indicating that the action of lipo- 
cortin-1 is downstream of G protein activation. 

Recombinant lipocortin-1 mimics the effects of 
glucocorticoids in inhibiting inflammation [31] and 
cell growth [l]. Re-folding of the recombinant 
protein is essential for activity [32], which is as a 
consequence highly labile. However, it is now 
apparent that the full length protein is not essential 
for biological activity as a fragment 1-188 suppresses 
cytokine-induced fever [33] and ischaemic brain 
damage in the rat [34]. Furthermore, a peptide 
fragment 2-22 from the N-terminus of lipocortin-1 
still retains anti-inflammatory activity [35]. 

We report here that peptides from the N-terminus 
of lipocortin-1 block both EGF and G protein- 
dependent activation of 3H-AA release. Lc13-25 is 
the most active sequence, Lc21-33 less so, and 
peptides Lcl-12 and Lc13-25(Tyr-Mezl) are almost 
inactive which is consistent with the profile of activity 
for growth and PGEz suppression that we have 
reported previously [2]. These results indicate that 
the core sequence of activity resides around the Tyr 
21 residue, which is itself essential for activity, 
suggesting that the peptides could inhibit tyrosine 
kinase activity. Lipocortin-1 is apparently a substrate 
for the tyrosine kinase activity of the EGF and 
insulin receptor [36,37], however, as these studies 
employed partially purified preparations of receptor 
the possibility that other intermediary kinases are 
involved cannot be excluded. Our data clearly shows 
that both dexamethasone and peptide Lc13-25 
inhibit the G protein-dependent activation of 3H- 
AA release suggesting that lipocortin-1 is not a direct 
substrate for growth factor receptors but inhibits the 
signal transduction cascade further downstream. 
Since MAPK phosphorylates cPLA* on a serine 
residue [20] it is unlikely that the peptide Lc13-25 
inhibits at this step. Rather, our data indicates the 
likely site of action is between G protein and MAP 
kinase activation (Fig. 7). 

Our previous work has highlighted the importance 
of the cell surface expression of lipocortin-l-the 
pool which is induced following glucocorticoid 
treatment [l]. Furthermore, the exogenous appli- 
cation of recombinant lipocortin-1 or neutralizing 
antibodies is highly effective in cell culture and 
presumably these effects are also manifest at the cell 
surface [38]. The existence of specific saturable 
binding sites for lipocortin-1 has been described on 
the surface of human and murine leukocytes [39] 
and also in A549 cells (Goulding, pers. commun.) 
which could help to explain the importance of the 
cell surface form of lipocortin-1. The properties of 
the N-terminal fragments of lipocortin-1 could also 
be mediated by this cell surface binding protein. The 
Me-Tyr*l derivative was much less effective in 
inhibiting stimulated 3H-AA release suggesting 
that the availability of the tyrosine residue for 
phosphorylation or binding is important for activity. 
However, we cannot exclude the possibility that 
this derivative peptide is sufficiently changed in 
confirmation to preclude interaction with the binding 
protein. Indeed, some of the weak stimulatory 



Regulation of cPLA, 

THAPSffiARGlN ---W 

. 
H 0 R c&2+ # 

Fig. 7. Lipocortin-1 inhibits EGF activation of cPLA2. An increase in Cay results in a translocation 
of cPLA, to the plasma membrane, an effect which is insensitive to glucocorticoids or lipocortin-1. 
Activation of EGF receptor results in phospharylation and activation of cPLA,, an effect that is 
mediated by 1G protein and MAPK activation This pathway is sensitive to glucocorticoids and 

lipocortin- 1. 

effects of this peptide and others we have shown 
here could be accounted for by such binding 
phenomena. 

The results presented here provide further 
evidence for the role of lipocortin-1 in mediating the 
effects of glucocortic,oids in suppressing arachidonic 
acid release. Furthermore, this property is retained 
by N-terminal peptidt: fragments of the native protein 
which do not have the capacity to sequester 
phospholipid. Moreover, we have identified a 
mechanism whereb:y glucocorticoids inhibit G 
protein-mediated cell signalling. 
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