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Cyclo-oxygenase (COX) exists as two isoforms. In endothelial cells, the induction of COX (COX-2) elicited
by endotoxin or inflammatory cytokines is mediated by tyrosine kinase. Here we have investigated whether the
induction of COX-2 elicited by IL-B in human pulmonary epithelial cells (A549) is mediated by tyrosine
kinase. The activity of COX-2 was assessed by measuring the accumulation gblp &flioimmunoassay. The
expression of COX-2 protein was detected by immunoblot using specific antibodies to COX-2. Untreated A549
cells contained no COX-2 protein and released low levels of R&&E3 ng/ml for 24h). A549 cells treated with
IL-18 (0.01 to 10 ng/ml) contained COX-2 protein and released greater amounts ¢f Pi&Encreased COX-2
protein and activity in response to IL31(10 ng/ml) was inhibited by the tyrosine kinase inhibitors tyrphostin
(AG126; 0.015 to 15uM) or erbstatin (0.004 to &M). Thus, the induction of COX-2 by IL in epithelial cells
is mediated by tyrosine kinase.® 1996 Academic Press, Inc.

Cyclo-oxygenase (prostaglandin endoperoxide synthase, EC 1.14.991, COX) converts ar
donic acid to prostaglandin HPGH,)* which is then further metabolized to various prostaglan
dins, prostacyclin and thromboxang?ACOX exists in at least two isoforfisCOX-1 is expressed
constitutively in endothelial ceftsand is probably responsible for the production of prostaglandir
under physiological conditioAsCOX-2 is induced by pro-inflammatory stimuli, including mito-
gen$, cytokineg and bacterial lipopolysaccharide (LBS)n cellsin vitro and in inflammed sites
in viva'®,

The regulation of the different isoforms of COX in pulmonary tissue is not known, althou
human pulmonary macrophages express COX-2 after stimulation with*LR8cently, we and
others?*3have shown that some cytokines can induce COX in human pulmonary epithelial c
The induction of COX-2 is mediated by tyrosine kinase in endothelial cells and macrophatjes
have, therefore, investigated whether a similar mechanism exists in human pulmonary epitf
cells (A549) by using the specific tyrosine kinase inhibitors, erbstatin and tyrphostin (AG126

METHODS AND MATERIAL

Cell culture.Human pulmonary epithelial cells (A549; The European Collection of Animal Cell Culture; Salisbury, U.K
were cultured in 96-well plates with Dulbecco’s Modified Eagle’s Medium (DMEM; 20@vell) containing 4 mM
L-glutamine. All agents, which were dissolved in distilled water or DMSO (final concentration less than 0.1%; v/v), w
sterilised by filtration through a filter (pore size: 0.22 micron) before being added to the cells under sterile conditions. (
were incubated at 37°C in a humidified incubator.

Measurement of the release of COX metabolild® increase in COX activity following the activation of A549 with
IL-1B (0.01-10 ng/ml) was assessed by measuring the amounts of for prostaglarf®@&E) in the cell supernatant by
radioimmunoassdy. In experiments to investigate the effects of tyrosine kinase inhibitors on the release of COX metz
lites from endogenous arachidonic acid, cells were treated wittgl[(:0 ng/ml) together with the tyrosine kinase inhibitors
erbstatin (0.004—4.M) or tyrphostin (AG126; 0.015-1pM) for 24 h, and the medium was subsequently removed fol
radioimmunoassay. In separate experiments designed to measure the effect of tyrosine kinase inhibitors (concentrat
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above) on COX activity, to eliminate any effects of other enzymes induced or activated Ig/iflvdlved in arachidonic
cascade during IL4 stimulation, cell were treated with ILAL(10 ng/ml) together with the respective tyrosine kinase
inhibitors (as above) for 12 h, after which time the cells were washed and fresh medium containing arachidonic aci
uM) was added for 15 min at 37°C. The formation of COX metabolites was then assessed by radioimmunoassay in tt
culture supernatant.

Immunoblot (Western blot) analysi&549 which were untreated (control), treated with IB-&lone (10 ng/ml), treated
with IL-13 (10 ng/ml) plus erbstatin (4M) or with IL-13 (10 ng/ml) plus tyrphostin (15.M) were cultured in 6-well plates
(37°C; for 24 h). After incubation, cells were extracted and a specific COX-2 antibody was used to detect the expre
of COX-2 protein as previously descrifed

Measurement of cell viabilityCell respiration, an indicator of cell viability, was assessed by the mitochondrial depend:
reduction of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) to form#zan

Positive controls for loss of cell viability were provided by experiments designed to determine limiting concentration
DMSO. Cell viability was 85+1% with 0.1%, 70+4% with 1% and 61+5% with 10% DMSO (v/v), relative to the contr
untreated cells over a 24 h incubation period.

Statistical analysisResults are shown as mean + s.e. mean from triplicate determinations (wells) from 3 sepa
experimental days (& 9). Student’s paired or unpairédests, as appropriate, were used to determine the significance
differences between means apalues of less than 0.05 were taken as statistically significant.

RESULTS

Effect of tyrosine kinase inhibitors on the release of COX metabolites from endogenous st
of arachidonic acid by A549 activated by Il31IL-13 enhanced the accumulation of P$Gi
A549 from < 0.3 ng/ml in untreated cells to 12.8+0.4 ng/ml after treatment withdI(1D ng/ml)
for 24 h (Figure 1A). This figure also shows the dose-dependent increase in the formationof P
by IL-18 in A549 cells. This accumulation of PGREvas inhibited by erbstatin (33% inhibition at
4 M) or tyrphostin (50% inhibition at 1uM) in a dose-dependent manner. The minimal con
centrations necessary to achieve a significant inhibition were 0.4 andM.%or erbstatin and
tyrphostin, respectively (Figure 2A and 3A).

Effect of tyrosine kinase inhibitors on COX activity in A549 activated byaLThe increase in
COX activity afforded by IL-B, measured in the presence of exogenous arachidonic acid, v
almost thirty-fold that of the control cells at 24 h (Figure 1B). This figure also shows the do
dependent increase in COX activity by 1l31n A549 cells. Figure 2B and 3B show the small, but
dose-dependent inhibition by erbstatin or tyrphostin of this increase in COX activity.
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FIG. 1. Dose-dependent increase in the accumulation of COX metabolites (panel A) and the increase of COX ac
(panel B) in IL-1B3-activated A549 cells at 24 h. The accumulation of COX metabolites (P@Es measured from the
supernatant medium from ILgtactivated A549 cells for 24 h. The increase of COX activity in |B-dctivated A549 cells
at 24 h was measured by the formation of exogenous arachidonic acidM305 min). Data are expressed as mean * s.e
mean from 9 determinations from at least 3 separate experimental days0:05 when compared to untreated cells at 24
h (C).
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FIG. 2. Dose-dependent inhibition of the accumulation of COX metabolites (panel A) and the increase of COX acti
(panel B) by erbstatin (ERB) in IL{3-activated A549 cells at 24 h. The accumulation of COX metabolites (P&&s
measured from the supernatant medium from B-ektivated A549 cells for 24 h. The increase of COX activity in
IL-1B-activated A549 cells at 24 h was measured by the formation of exogenous arachidonic gchd; (85 min). Data
are expressed as mean * s.e. mean from 9 determinations from at least 3 separate experimental d@y85*when
compared to untreated cells at 24 h (C).

Effect of tyrosine kinase inhibitors on COX-2 protein IB-freated A549Untreated A549 cells
contained no COX-2 protein (Figure 4; lane 1). In contrast, A549 activated witlgI{t@ ng/ml)
contained a protein of approximately 70-kDa, which was recognised by a specific antibod
COX-2 (Figure 4; lane 2). This induction of COX-2 protein by 1|3-In A549 was inhibited by
erbstatin (4uM; at 24 h; Figure 4; lane 3) or tyrphostin (18M; at 24 h; Figure 4; lane 4).

DISCUSSION

IL-1 (0.01-10 ng/ml) caused a concentration-dependent increase in&@lmulation in the
medium of the A549 cells, and the appearance within the cells of COX-2 protein at 24 h. Untre.
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FIG. 3. Dose-dependent inhibition of the accumulation of COX metabolites (panel A) and the increase of COX acti
(panel B) by tyrphostin (TPT) in IL-@-activated A549 cells at 24 h. The accumulation of COX metabolites (PG&s
measured from the supernatant medium from B-ektivated A549 cells for 24 h. The increase of COX activity in
IL-1B-activated A549 cells at 24 h was measured by the formation of exogenous arachidonic gchd; (85 min). Data
are expressed as mean * s.e. mean from 9 determinations from at least 3 separate experimental d&y85*when
compared to untreated cells at 24 h (C).
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FIG. 4. The figure shows Western blots using polyclonal antibodies to COX-2 of cell extracts frorg-ttedted and
untreated A549 cells. Equal amounts of protein were loaded in all lanes of A549 cellg{ade). Control untreated A549
cells at 24 h (lane 1) contained no COX-2 protein. In contrast, Btattivated (10 ng/ml for 24 h) A549 cells contained
COX-2 protein (lane 2). The induction of COX-2 protein by 1B-In A549 cells was inhibited by erbstatin (ERB;uM;
lane 3) and tyrphostin (TPT; 16M; lane 4). Similar results were obtained using cell extracts from 3 separate batches
cells.

A549 cells contained no COX-2 protein and did not release R&E&E3 ng/ml for 24 h). The model
employed in this study can, therefore, be used to study the signal transduction mechanism(s)
expression of COX-2 caused by endotoxin or cytokines in human pulmonary epithelial cells.
have recently discovered that the induction of COX-2 by LPS in endothelial cells and macroph:
involves the activation of tyrosine kinad$e Here, we have used the tyrosine kinase inhibitors
erbstatin and tyrphostin (AG126), as pharmacological tool to study the signal transduction me
nism in human epithelial cells activated by I|g1Similarly, in human pulmonary epithelial cells
(A549), the induction of COX-2 protein and activity in response to B.¢10 ng/ml) was inhibited
by either erbstatin (0.004—-4M) or tyrphostin (0.015-15.M). Interestingly, the inhibition by
erbstatin or tyrphostin of the increase in COX-2 activity (exogenous substrates) is not as
nounced as the inhibition by these tyrosine kinase inhibitors of P&Eumulation in the super-
natant (endogenous substrates) or the increase in COX-2 protein which was inhibited by more
50 percent by either erbstatin or tyrphostin. The finding that the increase ip fé@&ation from
endogenous arachidonic acid is more susceptable to inhibition with tyrosine kinase inhibitors
the formation of PGEfrom exogenous arachidonic acid may well suggest that the activation
tyrosine kinases is not only involved in the expression of COX-2, but also in the induction
phospholipase A afforded by endotoxin. Indeed, endotoxin and cytokines cause the inductior
phospholipase Ain a variety of other cells including macrophages and fibrobtasts!®2° In
conclusion, this study demonstrates that the expression of COX-2 protein and activity cause
IL-18 in A549 epithelial cells involves the activation of tyrosine kinase. We propose that inhibit
of tyrosine kinase and/or other agents which interfere with the expression of COX-2 may be us
agents for the therapy of human lung disorders associated with inflammation.
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